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REPORT    IN     FULL    OF    THE     FORTY=SIXTH     ANNUAL 
MEETING,  JANUARY  i8th  AND  19th,  1899. 

Wednesday,  January  18th,  1899. — The  meeting  was  called  to  order  Meeting  call 
at  10.15  o'clock,  President  Alphonse  Fteley  in  the  chair,  Charles  border. 
Warren  Hunt,  Secretary. 

The  Pkesident. — The  meeting  will  please  come  to  order.  Yon  Tellers 
know,  gentlemen,  that  under  Section  7  of  Article  VII  of  the  Constitu-  Appointed, 
tion  the  polls  close  at  12  o'clock  noon  to-day,  but  if  we  were  to  wait 
until  that  time  to  appoint  the  tellers  the  counting  would  take  so  long 
that  it  would  bring  it  too  late  in  the  afternoon,  and  it  has  been  usual 
on  similar  occasions  to  appoint  the  tellers  at  the  beginning  of  the 
meeting,  and  to  ask  them  to  commence  their  count,  with  the  under- 
standing that  anybody  who  has  not  voted  can  do  so  until  12  o'clock. 
If  there  is  no  objection,  we  will  follow  the  precedents  in  that  matter, 
and  the  chair  will  appoint  as  tellers  Mr.  George  S.  Eice,  of  Boston, 
and  Mr.  William  D.  Kelley,  of  New  York.  If  these  two  gentlemen 
want  to  take  hold  they  will  find  that  our  employees  will  give  them  all 
necessary  assistance. 
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Minutes  of  Mr.  Secretary,  I  believe  that  the  first  thing  in  order  is  the  reading 

mg'  of  the  minutes  of  the  last  meeting  of  the  Society. 

The  Secretary  read  the  minutes  of  the  meeting  of  January  4th , 
1899. 

The  President. — Are  there  any  remarks  or  corrections  suggested 
by  the  reading  of  the  minutes"?     There  being  no  objection,  they  will 
stand  as  read. 
Report  of  the        The  report  of  the  Board  of  Direction  is  now  in  order,   Mr.  Secre- 
Boardof      fttTW 
Direction.     tary. 

The  Secretary  read  the  Report  of  the  Board  of  Direction.* 

The  Treasurer  read  his  rejjort.f 

The  Secretary  read  his  report.^ 

The  President. — You  have  also  the  report  of  the  Finance  Commit- 
tee, I  believe. 

The  Secretary. — Yes,  sir.  The  chairman  of  the  Committee  does 
not  seem  to  be  here. 

The  President. — You  might  present  it  now. 

The  Secretary  read  the  report  of  the  Finance  Committee.;; 

The  President. — Gentlemen,  you  have  heard  the  reading  of  the 
reports  of  the  Board  of  Direction,  the  Treasurer,  the  Secretary  and 
the  Committee  on  Finance.  What  is  the  pleasure  of  the  meeting  in 
regard  to  those  report  b? 

A  Member. — I  move  that  they  be  accepted  and  placed  on  file. 

The  motion  was  seconded  and  carried. 
Report  of  The  President. — Will  you  read  now.  Mr.  Secretary,  the  report  of 

'  0A^rd^f0n  tne  Committee  to  Recommend  the  Award  of  Prizes? 
Priz— .  The  Secretary  read  this  report.  || 

The  President. — This  requires  no  action  from  the  Society,  gentle- 
men, and  we  come  now  to  the  reports  of  Special  Committees.  First, 
we  have  the  Special  Committee  on  the  Proper  Manipulation  of  Tests  of 
Cement.  I  believe  the  Chairman  of  the  Committee  is  present.  Will 
Mr.  Swain  kindly  come  forward  and  read  the  report? 
Report  of  O.  F.  Swais,   M.  Am.  Soc.    C.  E. — We  submitted  this  report.    Mr. 

'  ^Testeof  °D  President,  because  we  felt  that  the  Society  was  entitled  to  a  report 
Cement.  from  every  committee,  so  that  the  members  of  the  Society  who  were 
interested  might  know  what  was  being  done.  A  large  number  of 
replies  to  our  circular  were  received,  and  I  bave  the  abstract  here, 
and  this,  gentlemen  (showing  bulky  package;  is  the  abstract.  (Laugh- 
ter. )  To  digest  that  will  require  some  further  time  on  the  part  of 
members  of  the  committee.  A  great  many  members  of  the  Society, 
whose  information  on  this  subject  would  be  of  great  value,  have  not 

•See  Proceedings.  Vol.  xxv.  p.  9. 
+  See  Proceedings.  Vol.  xxv.  p.  15. 
tSee  Proceedings,  Vol.  xxv.  p.  16. 
Si  See  Proceedings.  Vol.  xxv,  p.  20. 
See  Proceedings,  Vol.  xxv,  p.  3. 
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replied  to  our  circular.  We  shall  endeavor,  in  the  next  few  months, 
to  obtain  their  replies,  and  to  devote  all  the  time  we  can  to  the  prose- 
cution of  the  work. 

Prof.  Swain  read  the  report.* 

The  President. — Gentlemen,  you  have  heard  the  report  of  the  Chair- 
man of  the  Committer  on  Cement  Tests.  The  chair  is  waiting  for  a 
motion  in  regard  to  it. 

John  Thomson.  M.  Am.  Soe.  C.  E. — I  move  that  the  report  be  re- 
ceived and  placed  on  file. 

The  President.  — Received  or  accepted  '? 

A  Member. — And  that  the  committee  be  continued. 

Mr.  Thomson. — I  accept  that  amendment. 

The  President. — -It  is  moved  and  seconded  that  the  report  be  ac- 
cepted and  placed  on  rile.     Those  in  favor  please  say  aye:  contrary,  no. 

The  motion  was  carried. 

The  President. — We  have  not  got  the  report  from  the  Committee  Report  of 
on  Standard  Time,  but  we  have  a  letter  from  the  Chairman,  which  will  °stau'dard>" 
be  read  now  by  the  Secretary.  Time. 

The  Secretary  read  the  following  letter: 

••Ottawa.  January  16th.  1899. 
••Charles  Warben  Hunt.  Esq.. 

"  Secretary  American  Society  of  Civil  Engineers. 

"Sib, — The  Special  Committee  on  Uniform  Standard  Time  has 
been  long  continued  by  the  Society,  and  although  it  has  not  entirely 
completed  the  task  assigned  to  it.  sufficient  success  has  attended  its 
efforts  to  justify  the  request  that  the  members  may  be  relieved  from 
their  duties  and  the  Committee  discharged  at  no  distant  date. 

••  The  Committee  was  appointed  on  June  loth.  1881.  on  the  occa- 
sion of  the  first  Convention  of  the  Society  held  in  Canada,  and  it  has 
been  continued  ever  since:  that  is  to  say.  for  a  period  of  nearly  eigh- 
teen years. 

"The  difficulties  which  necessitated  investigation  and  the  appoint- 
ment of  a  committee  to  examine  and  recommend  what  course  should 
be  followed  will  be  remembered  by  all  who  were  active  members  of 
the  Society  nearly  a  generation  ago. .  To-day.  owing  in  a  large  meas- 
ure to  the  intervention  of  this  Society,  the  conditions  are  happily 
changed  and  it  may  be  well  to  recall  briefly  the  circumstance  which 
led  this  s  >ciety  to  take  a  leading  part  in  overcoming  evils  which  more 
or  less  affected  the  whole  community. 

'•  The  great  net-work  of  lines  of  transit  with  their  ramifications. 
from  ocean  to  ocean  which  had  been  and  were  being  established  in 
America  created  social  and  commercial  conditions  which  never  pre- 
viously existed  in  the  hist  ary  of  the  human  race.  These  new  conditions. 
due  mainly  to  the  application  of  steam  and  electricity  to  locomotion 
and  telegraphy,  had  affected  the  relations  of  time  and  space  in  a  man- 
ner which  forced  itself  on  the  attention,  especially  of  those  who  were 
connected  with  railways. 

"The  system  of  reckoning  time,  inherited  from  the  preceding  cen- 
turies,   proved  at    this   stage    in    the    progress    of    civilization    to   be 

*  See  Proceedings,  Vol.  sxiv.  p.  I9i. 
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Report  of     defective.     It  baffled  business  men  in  tbeir  arrangements.     It  led  to 

^"standard  °U  conIusi°n  aU(l  sometimes  loss  of  life.     It  was  consequently  productive 

Time         of  difficulties  of  one  kind  and  another.     It,  in  fact,  became  of  public 

(c  mtimied).  importance  that  a  body  such  as  the  Society  of  Civil  Engineers  should 

direct  its  attention  to  the  subject  and  make  an  effort  to  discover  the 

means  of  removing  an  acknowledged   impediment  to  trade,  commerce 

and  general  intercourse,  and  by  such  discovery  to  promote  our  public 

interests  and  public  safety. 

"  Many  of  us  are  disposed  to  retain  traditional  customs  on  account 
of  their  antiquity.  We  cling  with  affection  even  to  faults  and  imperfect- 
ions made  venerable  by  use  and  wont.  The  patient  public  may  be 
willing  to  endure  evils  without  enquiring  into  the  cause,  but  railway 
men  were  brought  face  to  face  with  difficulties  in  an  acute  form,  which 
their  fathers  had  never  conceived,  and  they  had  been  compelled  to 
adopt  means  of  mesting  them  as  best  they  were  able.  But  the  remedy 
applied  by  individual  railway  managers  only  lessened  the  evil.  To 
operate  railways  with  some  approach  to  safety,  each  manager  arbi- 
trarily set  up  a  time-zero  for  the  running  of  trains  on  the  lines 
under  his  charge.  An  examination  of  the  guide  books  showed  that 
there  were  eighty-nine  irregularly  chosen  railway  time-zeros  within 
the  United  States  and  Canada,  and  if  to  these  be  added  the  additional 
time-zeros  used  in  various  cities  and  towns  throughout  the  country, 
the  need  for  unification  and  reformation  will  at  once  be  manifest. 

"These  few  sentences  will  give  some  indication  of  the  problem 
placed  before  the  Committee  for  solution.  There  was  an  entire  ab- 
sence of  uniformity  and  agreement  in  the  multiplicity  of  time-zeros, 
and  the  work  of  the  Committee  was  to  patiently  investigate  the  whole 
subject  in  every  detail  and  ascertain  how  far  it  would  be  practicable  to 
introduce  some  more  simple  and  satisfactory  system  of  time  reckoning; 
some  system  which  would  meet  every  condition  which  had  arisen  or 
which  hereafter  might  arise. 

"  The  Committee  recognized  the  magnitude  of  the  problem  which 
they  were  called  upon  to  solve.  The  enquiry  they  entered  upon 
demonstrated  that  it  was  not  a  local  question,  a  question  confined 
within  the  limits  of  America,  but  one,  indeed,  which  concerned  all 
nations,  especially  all  nations  advanced  in  civilization;  they  formed 
the  opinion  that  in  looking  for  a  true  solution,  which  would  be  per- 
manently useful  to  the  people  of  the  continent,  they  nrast  find  one 
which  would  prove  effective  and  acceptable  to  the  whole  world.  While 
the  existing  conditions  of  society* necessitate  the  preservation  of  boun- 
dary lines  between  one  nation  and  another,  the  people  of  every  nation- 
alty  have  a  common  patrimony  in  many  things,  such  as  the  light  and 
heat  of  the  sun,  the  seasons,  the  definite  spaces  of  time  which  earth 
and  sun,  by  their  marvelous  motions,  measure  off  for  us  day  by  day. 
It  was  desirable  and  expedient,  therefore,  that  the  Committee  should 
take  no  narrow  view  of  the  subject  which  the  Society  had  confided  to 
them.  Patient  enquiry  and  investigation  led  the  Committee  to  see 
that  the  proposition  placed  before  them,  was  to  find  the  best  system  of 
time  reckoning  for  the  world;  and  this  Society,  if  it  acted  at  all,  was 
called  upon  to  take  a  leading  part  in  a  movement  to  determine  a  sys- 
tem which,  by  its  simplicity  and  appropriateness,  would  commend 
itself  eventually  to  every  nation  on  the  face  of  the  globe. 

"This,  in  brief,  is  the  history  of  the  origin  of  Standard  Time  as  it  is 
known  in  America.  The  Committee,  of  which  I  have  so  long  had  the 
honor  of  being  Chairman,  was  led  to  adopt  an  ideal  standard.  The 
Society  on  its  part  accepted  the  views  of  its  Committee,  and,  in  the 
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public  interests,  lias  steadily  followed  a  wise  course  in  promoting  the 
great  objects  aimed  at.  I  do  not  now  propose  to  recapitulate  the  action 
taken  year  by  year.  I  will  only  state  that  t*he  co-operation  of  other 
societies  was  songht  and  means  were  taken  to  invoke  the  authority  of 
the  President  and  Congress  of  the  United  States  in  order  to  assemble 
delegates  and  representatives  of  all  civilized  nations,  and  through  them 
to  advance  the  movement  in  this  and  other  countries.  Many  obstacles 
have  been  met  with,  some  of  which  have  been  removed,  while  others 
still  remain  to  be  overcome;  but  on  entering  upon  so  sweeping  a  refor- 
mation, it  was  not  to  be  expected  that  all  would  be  plain  sailing,  or  that 
the  undertaking  would  be  entirely  accomplished  without  some  diffi- 
culty and  much  delay. 

"  The  accepted  scheme  may  be  described  as  the  complete  unifica- 
tion of  time  throughout  the  globe.  Its  central  feature  is  the  estab- 
lishment of  a  universal  standard  day  with  its  hours  numbered  in  a 
single  series  from  1  to  24,  as  denned  by  the  Washington  International 
Conference.  This  is  recognized  as  the  true  common  standard  of  time 
for  all  people,  for  all  purposes.  It  is  designed  that  to  this  standard 
all  time-reckonings  on  all  parts  of  the  earth's  surface,  whether  on  sea 
or  land,  shall  be  directly  related.  The  World's  Standard  is  to  super- 
sede all  such  divisions  as  at  present  are  designated  solar  time,  civil 
time,  local  time,  astronomical  time  or  nautical  time.  The  design  is 
that  these  and  all  such  conventional  distinctions  are  eventually  to  be 
abolished  and  only  Standard  Time  known. 

"  Much  yet  remains  to  be  effected,  but  I  can  with  some  satisfaction 
add  that  much  has  been  accomplished.  We  can  at  least  claim  that  the 
principles  of  the  reform  have  been  firmly  established  and  that  some 
advance  has  been  made  in  applying  them  to  every-day  life  in  each  one 
of  the  five  continents.  The  hour-zone  feature  of  standard  time  has 
long  been  in  force  throughout  North  America;  it  has  been  accepted  in 
Europe,  in  India,  Japan,  Australia  and  South  Africa.  True,  we  have 
not  succeeded  in  getting  the  railway  managers  of  the  United  States 
unitedly  to  adopt  the  secondary  feature  of  Standard  Time  known  as 
the  24-hour  notation,  but  through  the  efforts  of  this  Society  it  has  been 
ascartaiued  that  the  large  majority  of  managers  are  individually  in 
favor  of  the  reform.  Standard  time  is  obviously  incomplete  without 
the  24-hour  notation.  We  find  it  adopted  in  its  complete  form  on  the 
Canadian  Government  Railways  between  Halifax  and  Montreal  and  on 
every  line  of  railway  north  of  the  49th  parallel  west  of  Lake  Superior. 
We  find  it  in  Belgium  and  Italy  enforced  by  statute;  we  find  it  in  use 
in  India  and  China.  The  construction  of  the  great  Siberian  Railway 
must  have  the  effect  of  introducing  many  reforms  in  Russia  and  we  can- 
not doubt  that  the  adoption  of  standard  time  in  its  most  perfect  form, 
will,  owing  to  geographical  conditions,  be  one  of  them.  Much  the 
same  may  be  said  respecting  the  unification  of  time  at  sea  and  the 
change  in  astronomical  time.  Seamen  are  almost  unanimously  in  favor 
of  the  one,  and  the  large  majority  of  astronomers  throughout  the  world 
are  in  favor  of  the  other,  but,  so  far,  united  action  in  either  case  has 
not  been  reached. 

'  •  Sandford  Fleming, 

"  Chairman" 

The  President. — You  will  notice,  gentlemen,  that  at  the  beginning 
of  this  letter,  Mr.  Sandford  Fleming  asks  that  his  committee  be  dis- 
missed.    What  is  the  pleasure  of  the  Society  in  regard  to  it  ? 
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Discussion  on  Edward  P.  North,  M.  Am.  Soc.  C.  E. — Does  he  ask  that  it  be  dis- 
Committeeon  missed  now,  or  does  he  ask  that  it  be  dismissed  at  some  future  time  : 
STimerd  -^e  PRESIDENT-— (Reading  from  letter): 

"The  Special  Committee  on  Uniform  Standard  Time  has  been  long 
continued  by  the  Society,  and  although  it  has  not  entirely  completed 
the  task  assigned  to  it,  sufficient  success  has  attended  its  efforts  to  jus- 
tify the  request  that  the  members  may  be  relieved  from  their  duties, 
and  the  Committee  discharged  at  no  distant  date." 

It  is  for  this  body  to  judge  of  what  might  be  called  "no  distant 
date." 

Desmond  FitzGekaxd,  M.  Am.  Soc.  C.  E. — How  many  years  has 
that  Committee  been  in  existence  ? 

The  Secretary. — Eighteen  years. 

Mr.  FiTzGrERAiiD. — It  seems  to  me,  Mr.  President,  that  we  should 
feel  lonesome  without  that  Committee. 

George  S.  Morison,  M.  Am.  Soc.  C.  E. — Mr.  President,  I  move  that 
the  report  of  the  Committee  be  accepted  and  placed  on  file  and  the 
Committee  continued.  It  seems  to  me  that  the  phraseology  of  Mr. 
Fleming  does  not  mean  that  it  be  discharged  at  present,  but  that  he 
hopes  within  a  year  or  two  to  have  completed  its  work.      (Seconded.) 

The  President. — Does  anybody  desire  to  speak  on  that  motion? 

Mr.  John  Thomson. — I  would  like  to  ask,  Mr.  President,  if  the 
Committee  is  yet  a  complete  committee? 

The  President. — It  is  not,  sir;  but  that  does  not  impair  the  motion 
of  Mr.  Morison,  because  there  is  a  cure  for  that  in  the  powers  of  the 
Society. 

The  Secretary.— Under  action  of  the  Society  some  years  ago,  it  is 
not  possible,  legally,  unless  the  action  is  reversed,  to  accept  this  as  a 
report  of  the  Special  Committee.  The  rule  is:  That  reports  of  special 
committees  must  be  placed  in  the  hands  of  the  Secretary  at  least 
thirty  days  before  one  of  the  general  meetings,  and  issued  to  all 
members  of  the  Society  for  the  purposes  of  discussion  before  they 
can  be  accepted,  and  I  do  not  think  that  Mr.  Fleming  intended  to  do 
more  than  to  present  an  informal  statement  of  what  the  Committee 
had  accomplished — not  a  report  of  the  Committee. 

The  President  —I  do  not  see  that  that  changes  the  position  at  all; 
because,  ;.ssuming  even  that  the  Committee  has  not  made  any  report,  it 
has  simply  been  derelict  in  its  duty,  and  it  does  not  interfere  with  its 
existence  in  any  way  whatsoever.  So  that  I  do  not  see  that  any  of  the 
remarks  made  have  anything  to  do  with  the  motion  which  has  been 
2>resented.  I  will  now  ask  for  a  vote.  The  motion  of  Mr.  Morison  is 
that  the  report  of  the  Committee  be  accepted  and  that  it  be  con- 
tinued. 

Mr.  Morison. — I  think  the  proper  form  of  a  motion  is  that  the 
report  be  received  and  placed  on  file  and  the  Committee  continued. 

The  President. — Can  you  call  that  a  report?     That  is  the  question. 


Affairs. 
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Mr.  Morison. — It  is  not  a  final  report.     It  is  a  report  of  progress. 

The  President. — You  have  heard  the  motion,  gentlemen.  All  iu 
favor  please  say  aye;  contrary,  no. 

The  motion  was  carried. 

The  President. — I  believe  that  one  of  the  members,  Mr.  E.  L. 
Corthell,  desires  to  read  to  the  Society  a  communication  in  regard  to 
a  subject  that  he  has  very  much  at  heart  and  considers  of  some  im- 
portance. If  Mr.  Corthell  will  be  kind  enough  to  rise  and  read  his 
communication,  we  would  be  glad  to  hear  it. 

E.  L.  Corthell,  M.  Am.  Soc.  C.  E.— Mr.  President  and  gentlemen,  prop,,>,.,i 
I  am  rather  unprepared  for  this.  As  the  President  said,  it  is  a  subject  ^on^res^'of ' 
I  have  had  at  heart.  That  is,  it  is  something  that  I  have  been  wishing  Engine. un- 
to carry  out  for  several  years,  on  lines  on  which  this  Society  had  re- 
quested  three  years  ago  when  in  convention  at  the  Hotel  Pemberton. 
At  that  time  I  presented  a  communication  showing  some  corre- 
spondence with  engineers  in  various  parts  of  the  world  in  reference 
to  the  establishment  of  an  International  Institute  of  Engineers,  but 
the  consensus  of  opinion  was  that  the  time  had  not  then  arrived,  but 
that  if  such  a  thing  was  practicable,  which  was  very  much  doubted 
generally,  it  could  be  led  up  to  by  a  series  of  congresses.  I  am  trying 
to  find  now  the  action,  if  there  was  any  at  the  time,  of  this  Society, 
by  its  Board  of  Direction,  on  that  subject.*  I  have  not  the  papers 
with  me;  but  it  is  my  recollection  that  at  that  time  the  whole  matter 
was  referred  to  the  Board  of  Direction,  which  decided  that  there  might 
be  a  series  of  congresses  leading  in  that  direction.  Whether  I  am  right 
or  not  I  leave  you  to  judge  from  the  records.  But  during  a  recent 
visit  of  about  twenty  months  in  Europe  I  met  a  great  many  engi- 
neers, both  the  Ponts  et  Chaussees  engineers  in  France,  Holland  and 
Belgium,  and  the  civil  engineers.  I  have  talked  with,  have  written  to, 
and  have  letters  from,  two  or  three  very  prominent  engineers  in  the 
French  Government,  whose  names  I  do  not  care  to  mention,  but  they 

*  The  matter  to  which  Mr.  Corthell  refers  is  as  follows: 

Action  by  Board  of  Direction,  October  1st,  1895. 

•'  At  the  Annual  Convention  a  communication  was  presented  to  the  Society  by  E.  L. 
Corthell,  M.  Am.  Soc.  C.  E..  entitled  'Resume  of  Correspondence  from  Engineering 
Societies  Relating  to  Establishing  Closer  International  Relations.'  and  on  his  motion  'the 
subject  covered  by  this  communication  was  referred  to  the  Board  of  Direction,  with  the 
request  that  they  give  the  matter  careful  consideration  and  action.' 

"  The  Board 'of  Direction  has  carefully  considered  the  whole  matter,  and  is  heartily 
in  accord  with  what  appears  to  be  the  prevailing  sentiment  in  favor  of  cultivating  con- 
tinued closed  and  fuller  relations  between  the  engineering  societies  of  the  civilized 
world.  It  believes,  however,  that  the  true  means  of  attaining  the  desired  end  would  not 
be  found  in  an  international  institute,  and  agrees  with  the  view  so  well  and  clearly  ex- 
pressed on  behalf  of  the  German  Association  of  Engineers  and  Architects  by  our  Corre- 
sponding Member,  Mr.  Charles  Otto  Gleim,  of  Hamburg,  as  to  the  present  desirability  of 
limiting  the  scope  of  the  movement  toward  union  and  following  up  the  course  inaugur- 
ated at  Chicago  in  1893  by  a  series  of  International  Congresses,  '  leaving  to  future  devel- 
opment the  question  whether  these  congresses  will  gradually  grow  into  a  more  permanent 
organization.' 

'■  In  the  judgment  of  the  Board  of  Direction,  therefore,  it  is  not  expedient  for  the 
American  Society  of  Civil  Engineers,  at  this  time,  to  take  any  steps  toward  the  formation 
of  an  International  Institute  of  Engineers  and  Architects,  but  that,  as  a  society,  it  should 
hold  itself  in  reiliness  to  partieipit^  cordially  in  all  efforts  to  put  upon  an  enduring 
basis  the  kindly,  social  and  technical  relations  which  marked  the  Engineering  Congress 
at  Chicago,  through  a  series  of  future  similar  gatherings." 
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international  are  men  whom  vera  know  very  well.     The  subject  is  one  that  has  been 

Oonsrrcss  of        . 

Engineering  difficult  to  adjust,  and  it  is  a  subject  which,  publicly,  I  do  not  cave  to 

(continued).  g0  into  extensively ;  but  any  engineer  who  has  been  in  Europe  much 
and  has  associated  with  those  two  classes  of  engineers,  knows  that 
there  is  a  lack  of  harmony  which  might  interfere  with  cordial  co-opera- 
tion in  any  engineering  congress  held  iu  Europe.  We,  in  this  country, 
forming  a  congress,  as  we  did,  in  1893,  were  free  from  that  lack  of 
cordiality,  and  both  classes  of  engineers  in  Europe  united  with  us,  and 
we  had,  as  all  the  world knowa,  a  very  successful  engineering  congress. 
In  fact,  if  I  mar  speak  a  word  about  it,  it  is  generally  understood  that 
it  was  one  of  the  best  and  most  useful  of  the  congresses  held  in  Chicago 
during  those  six  months.  I  might  say  that  I  have  taken  the  matter  up 
with  some  of  the  members  of  the  Institution,  in  London.  They  recog- 
nized this  trouble.  About  a  month  before  leaving  Paris,  perhaps  in 
October,  I  had  two  conference?  with  M.  Garriel,  who  is  the  Govern- 
ment Director  of  all  the  congresses  that  are  to  be  held  in  Paris  in  1900, 
and  he  was  unable  to  solve  the  problem  of  how  the  proposition  even 
had  better  be  brought  before  him.  He  has  the  direction  of  all  new 
congresses,  and  of  all  old  congresses,  such  as  the  Railway  Congress, 
the  Congress  of  Navigation  and  the  Society  of  Tests.  All  of  those 
established  societies  are  to  hold  congresses  at  the  time  of  the  Paris 
Exposition,  and  all  are  to  be  under  the  management  of  this  director, 
simply  to  arrange  for  places  and  times  for  them.  He  has  nothing  to 
do  with  the  organization  and  methods  of  conducting  a  congress  like 
the  Railway  Congress;  but  when  a  new  congress  is  proposed,  then  he 
does  have  something  to  do  with  it,  in  the  way  of  advice,  and,  perhaps, 
of  direction. 

Not  being  able  to  get  anything  definite  from  M.  Garriel  as  to  how 
this  had  best  be  done,  I  proposed  to  the  French  society,  of  which  I 
am  a  member,  that  the  whole  question  be  considered,  and  I  set  before 
them,  in  a  letter  which  I  have  here,  this  trouble  which  I  had  found  in 
my  conferences  with  engineers  in  various  parts  of  Europe.  I  do  not 
think  it  is  necessary  for  me  to  read  this  letter.  It  would  only  take 
up  time.  I  will  give  a  running  account  of  it  as  best  I  can,  so  that  you 
may  understand  the  situation.  After  presenting  this  letter  to  the 
Society —  and  it  is  a  letter  that  is  hardly  readable,  as  I  wrote  in  the  most 
simple  language  I  could,  to  translate  into  French,  which  I  did  in  my 
halting  fashion,  to  speak  before  the  monthly  meeting  of  that  society; 
it  would  make  you  smile  if  I  should  read  it,  and  that  is  one  reason  why 
I  do  not  care  to  do  so;— after  it  was  presented  to  the  Secretary  of  the 
Society,  the  day  before  the  monthly  meeting,  M.  Loreau,  the  President, 
sent  me  a  kind  invitation  to  take  a  dejeuner  at  his  residence  with  him 
on  the  following  day,  and  there  the  matter  was  discussed,  as  well  as  I 
could  discuss  it  nith  him,  I  knowing  very  little  French  and  he  knowing 
no   English.     But   I   got  the   idea,    and   I   suppose  he   got   my   idea 
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(Laughter).  I  hope  be  did,  at  any  rate.  I  went  back  to  my  hotel,  and 
wrote  a  letter  to  him,  meeting  some  of  the  points  that  he  had  raised. 
One  point  was  that  there  were  congresses  that  took  up  many  questions 
of  engineering,  and  perhaps  the  necessity  or  advisability  of  a  general 
congress  was  not  as  apparent  now  as  it  Avas  in  1893;  and  if  I  may  be 
allowed  I  will  read  that  letter,  which  is  very  short. 

"  82  Avenue  Wagkam,  Paris,  November  3d,  1898. 
"  Dear  Sir: 

"  Following  our  conversation  of  this  date  at  your  residence,  let  me 
add  a  few  words  relating  to  the  proposed  Engineering  Congi  ess  of  1900. 
"I  am  aware  that  in  recent  years  there  have  been  permanently  or- 
ganized several  International  Congresses  of  which  some  of  the  features 
partake  of  engineering,  and  that  at  first  thought  it  might  appear  that 
the  urgent  necessity  of  an  Engineering  Congress  in  1900  might  have 
passed  away,  but  a  little  consideration  will  show  that  the  subjects, 
purely  engineering,  taken  up  by  the  Congresses  already  organized  cover 
but  a  small  part  of  engineering.  The  Railway  Congress  deals  largely 
in  transportation  matters,  the  Congress  of  Tests  refers  only  to  the  char- 
acteristics of  materials. 

"  I  will  now  mention  a  few  only  of  the  important  Engineering  sub- 
jects which  might  profitably  be  discussed  at  the  proposed  General 
Congress  of  Engineers,  and  for  which  purpose  a  permanent  Congress 
to  be  held  every  two  years  might  profitably  be  organized  without  in 
any  way  interfering  with  the  subjects  of  any  present  organized  Congress: 

"  In  the  domains  of — 

"  (a)  Bridges,  tunnels,  foundations  of  all  kinds,  municipal  engi- 
neering, sewers,  water  supply,  street  pavements,  rapid  transit  and 
development  of  water  powers. 

"(6)  Mechanical  Engineering.— Maahines,  engines,  boilers  of  all 
kinds  and  classes. 

"  (c)  Mining  Engineering  and  Metallurgy. — Methods  of  mining  gold, 
silver,  copper,  iron  ore,  lead,  salt,  etc.  The  processes  of  manufacture 
and  refining. 

"  (d)  Electrical  Engineering. — Lighting,  tramways,  power,  tele- 
graphing, machinery  of  all  kinds,  not  purely  electrical  science  but 
electricity  applied  to  engineering  works  and  purposes. 

"  (e)  Marine  Engineering  and  Naval  Construction. — The  field  here  is 
vast  and  important  with  the  present  and  future  development  of  steam 
navigation  upon  ocean,  lakes  and  rivers,  and  especially  the  develop- 
ment of  naval  vessels,  armament  and  ordnance. 

"  (f)  Military  Engineering. — Fortifications  to  meet  the  demands  of 
the  ordnauceof  the  present  day,  the  whole  field  of  ordnance  for  armies. 

"  (g)  Engineering  Education,  whieh,  at  present  and  in  the  future, 
is  to  absorb  the  attention  of  Engineei-ing  Educators  and  is  of  great 
interest  to  the  engineers  of  the  coming  century. 

"  The  field  is  so  broad  and  important  that  it  can  only  be  glanced 
over  here. 

"  Then  in  addition  and  of  still  greater  importance  than  purely  tech- 
nical work  is  the  personal  and  the  professional  intercourse  at  the  Con- 
gress, and  the  help  all  would  receive  from  the  reports,  discussions  and 
decisions  of  such  a  Congress  on  subjects  of  five  and  absorbing  interest 
to  engineers  all  over  the  world. 

"  I  am,  sir,  yours  sincerely, 
"  Monsieur  A.  Loreau,  "  E.  L.  Corthell. 

"  President  de  la  Societe  des  Ingenieurs  Civils." 
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international  In  my  previous  letter  to  the  Secretary  I  suggested  that  in  order 
Engineering  to  avoid  the  obstacle  of  which  I  have  spoken,  the  same  organization 
(continue  ).  whjgh  produced  the  Chicago  congress,  the  same  committees — differ- 
ently constituted  as  to  the  personnel,  of  course — should  undertake, 
in  the  United  States,  to  form  a  congress  to  be  held  in  Paris. 
But  I  think  the  French  engineers — I  am  speaking  of  civil  en- 
gineers— are  somewhat  opposed  to  that.  They  think  that  if  a  con- 
gress is  to  ba  held  in  Paris,  they  are  the  men  to  form  it,  and  I  think 
perhaps  they  are  right.  Perhaps  it  would  be  more  successful,  and 
we  would  have  to  conduct  this  business  at  arm's  length. 

Now,  that  is  ail  I  have  to  say  about  it,  except  this,  that  I  saw  the 
Secretary  of  the  French  Society  the  day  before  I  left,  early  in  Decem- 
ber, and  he  told  me  that  the  Committee  to  which  my  communications 
were  referred  for  consideration  had  not  acted  upon  them,  but  would 
act  very  soon.  That  is  the  reason  this  matter  has  been  held  back  here 
to  this  last  moment.  A  week  ago  I  cabled  the  Secretary  asking  him 
to  cable  me  the  action  of  the  Society,  having  in  view  this  meeting. 
I  have  not  heard  from  him.  Consequently,  I  think  all  that  can  be 
done  here  is  to  decide  whether  it  would  be  advisable  to  co-operate 
with  the  French  Society,  or  the  French  engineers,  in  organizing  an 
International  Congress  of  Engineering  in  1900. 

The  President. — What  is  the  pleasure  of  the  Society  in  regard  to 
this  communication? 

Mr.  Corthell. — I  make  this  motion — and  let  me  say  that  this  is  a 
subject  that  cannot  be  very  well  discussed  at  this  meeting;  we  have 
not  time  for  it,  and  I  apologize  for  bringing  the  matter  before  you 
in  this  inchoate  condition.  Therefore,  I  make  this  motion,  Mr. 
President:  That  this  communication  and  the  subject  of  an  Interna- 
tional Engineering  Congress  in  Paris  in  1900,  be  referred  to  the 
Board  of  Direction. 

T.  C    Clarke,  M.  Am.  Soc.  C.  E.  —I  second  the  motion. 

Mr.  North.  —Wouldn't  it  be  well  to  have  Mr.  Corthell,  the  pro- 
moter of  this  idea,  connected  with  that  consideration? 

The  President. — I  do  not  doubt  that  the  Committee  having  this 
matter  in  charge  will  be  happy  indeed  to  have  the  assistance  of  Mr. 
Corthell  and  call  him  to  their  council. 

Mr.  North. — It  seems  to  me  that  he  ought  to  be  chairman  of  any 
Committee  that  is  appointed. 

Mr.  Corthell. — Excuse  me.  I  would  not  like  to  have  that.  I  am 
perfestly  willing  to  leave  the  whole  matter,  as  I  did  before,  to  the 
Board  of  Direction.  If  they  wish  to  get  from  me  any  ideas  about 
it  or  to  confer  with  ni3,  I  would  be  very  glad  to  be  called  before 
them. 

The  President. — Is  it  Mr.  North's  idea  that  instead  of  referring  it 
to  the  Board  of  Direction  a  committee  should  be  appointed? 
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Mr.  North. — I  do  not  wish  to  antagonize  the  motion.  I  withdraw 
my  remark. 

The  President. — Then  the  motion  of  Mr.  Corthell  stands,  to  the 
effect  that  this  matter  be  referred  to  the  Board  of  Direction.  Those 
in  favor,  please  say  aye;  contrary,  no. 

The  motion  was  carried. 

The  President.  —  It  is  so  referred. 

H.  G.  Prout,  M.  Am.  Soc.  C.  E. — Do  I  understand  that  new  busi- 
ness is  in  order  now? 

The  President. — We  have  one  more  communication,  Mr.  Prout, 
that  we  should  like  to  present  to  the  meeting. 

The  Secretary. — I  have  received  the  following  letter: 

"  United  States  Commission  to  the  Paris  Exposition  of  19C0.  Paris 

"  Chicago  Offices,  January  5th,  1899.       Exp°|^,ion  of 
"  Charles  Warren  Hunt,  Esq., 

"  Secretary,  American  Society  of  Civil  Engineers, 

"  No.  220  West  Fifty-seventh  Street,  New  York: 
"  Dear  Sir, — As  Director  of  Civil  Engineering  and  Transportation 
for  the  American  section  to  the  Paris  Exposition  of  1900,  I  desire,  at  the 
earliest  practicable  date,  to  submit  the  subject  in  person  to  your 
Society,  of  co-operating  with  us  in  the  matter  of  an  Engineering  Ex- 
hibit. 

"  Will  you  kindly  advise  me  when  I  can  have  such  opportunity  and 
I  will  endeavor  to  make  my  arrangements  accordingly? 

"  Sincerely  yours, 

' '  Wileard  A.  Smith, 
"  Director  Civil  Engineers  and  Transportation." 

The  Secretary  has  communicated  with  Mr.  Smith,  but  has  not  since 
heard  from  him.  Mr.  Smith  may  even  be  here  now,  but  the  Secretary 
does  not  know  him  by  sight. 

The  President. — It  is  to  be  to  a  certain  extent  regretted  that  Mr. 
Smith  was  not  able  to  come  here  to  give  an  expose  of  his  views.  It 
seems  to  me  it  is  a  matter  of  importance,  and  the  Society  may  like  to 
take  some  action  in  regard  to  it,  even  in  its  incomplete  state.  Will 
you  give  me  the  communication,  Mr.  Secretary? 

It  means  that  the  Civil  Engineering  and  Transportation  Committee 
for  the  American  Section  of  the  Paris  Exposition  would  like  to  ask  the 
Society  if  it  will  co-operate  with  them  in  the  matter  of  an  engineering 
exhibit.  Is  this  plain  enough  for  the  Society  to  make  a  motion  to  the 
effect  that  it  should  be  referred  to  somebody  in  order  to  hear  Mr. 
Smith? 

Foster  Crowell,  M.  Am.  Soc.  C.  E.  — It  seems  to  me  that  it  is  a 
proper  matter  to  be  referred  to  the  Board.  It  would  naturally  go  to 
them.  If  a  motion  is  necessary,  I  move  that  the  communication  be  re- 
ferred to  the  Board  of  Direction.     (Seconded.) 

The  President. — It  is  moved  and  seconded  that  the  communication 
of  Mr.   Smith,  Director  of  the  Civil  Engineering  and  Transportation 
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Exposition  of  Committee  f°r  the  American  Section  to  the  Paris  Exposition  of  1900 
1900.        be  referred  to  the  Board  of  Direction.     Those  in  favor  of  this  motion 
please  say  aye;  contrary,  no. 

The  motion  was  carried. 

The  President. — Now,  Mr.  Pront,  we  should  be  happy  to  hear 
from  yon. 

Mr.  Prout. — Mr.  President,  I  have  a  resolution,  or  a  couple  of  them, 
that  I  would  like  to  offer: 

Whereas:  The  use  of  the  24  o'clock  system  in  the  notices  of  the 
Society  has  not  accomplished,  and  is  not  likely  to  accomplish,  the  end 
for  which  it  was  adopted,  and  tends  to  create  confusion  and  sometimes 
ridicule  even  among  members  of  this  Society  who  have  been  familiar 
with  it  for  some  years; 

Be  it  Resolved:  That  it  is  the  sense  of  this  meeting  that  the  use  of 
this  system  should  be  discontinued,  if  this  can  be  accomplished  without 
discourtesy  to  its  former  advocates,  and 

Be  it  further  Resolved:  That  the  Board  of  Direction  be  requested  to 
order  its  discontinuance  in  the  official  publications  of  the  Society, 
whenever,  in  its  judgment,  the  above  condition  exists. 

I  have  put  the  resolution  in  that  shape,  sir,  in  order  to  get  over 
what  seemed  to  be  the  main  argument  last  year  against  the  abolition 
of  the  24-o'clock  system  of  notation;  namely,  discourtesy  to  the 
committee  which  has  worked  so  long  and  faithfully  to  introduce  it. 
As  you  see,  Mr.  Fleming  now  seems  to  realize  that  not  much  more  can 
be  accomplished  in  the  way  of  introducing  the  24-o'clock  system.  We, 
as  a  Society,  have  certainly  done  our  part.  We  have  continued  to  use 
that  notation  in  our  official  publications,  now,  ever  since  1886,  I  be- 
lieve; and  I  venture  to  say  that  there  are  not  2%  of  the  gentle- 
men present  here  who  at  this  moment  think  in  the  24-o'clock  system. 
1  presume  that  98%  of  them  have  to  stop  and  translate  those  notices. 
Certainly,  in  the  aggregate,  that  is  a  considerable  inconvenience.  I 
think  that  it  is  true  also  that  it  has  a  somewhat  belittling  effect  before 
the  world.  People  who  think  that  we  here  take  it  seriously,  look  upon 
us,  so  far  as  that  goes,  rather  as  a  set  of  cranks  or  faddists;  that  is, 
that  we  are  pursuing  an  absolutely  hopeless  thing  in  carrying  on  this 
24-o'clock  notation  in  our  official  publications;  and  while  I  should  be 
the  last  man  to  discourage  the  spirit  of  martyrdom,  still  I  am  not 
willing  to  be  a  martyr  without  producing  any  effect.  Therefore  I  have 
introduced  this  resolution. 

Joseph  M.  Knap,  M.  Am.  Soc.  C.  E. — In  seconding  this  resolution, 
Mr.  Chairman,  I  hardly  wish  to  repeat  the  remarks  I  made  a  year  ago 
in  introducing  it,  and,  I  think,  last  year  it  was  defeated,  not  because 
the  majority  were  not  in  favor  of  the  motion,  but  because,  as  the  mover 
states,  they  did  not  wish  to  show  discourtesy  to  the  committee  who  have 
worked  so  long  and  faithfully.  I  have  always  been  in  favor  of  that 
from  the  start,  as  long  as  there  was  any  hope  of  its  being  introduced, 
especially  by  the  railroads  of  the  country.     None  of  them  has  intro- 
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duced  the  system,  and  no  other  body  that  I  know  of,  with  the  excep- 
tion, perhaps,  of  railroads  in  Canada,  has  introduced  that  system,  and 
its  adoption  there  does  not  affect  us  here.  It  seems  to  me,  sir,  that  we 
should  vote  for  this  resolution  and  carry  it  out,  especially  as  it  is  left 
to  the  Board  of  Direction  to  examine  into  it  farther  and  use  their  dis- 
cretion in  doing  away  with  this  system. 

Mr.  Morison.  —  Is  it  not  a  little  premature  to  vote  that  a  certain 
practice  be  discontinued,  and  then  refer  the  matter  to  the  Board  of 
Direction?  That  is  virtually  what  this  resolution  does.  In  the  first 
place,  the  preamble  stultifies  the  Society.  It  says  that  certain  things 
had  not  been  accomplished  which  we  had  hoped  to  accomplish,  and  that 
they  are  not  likely  to  be  accomplished.  I  do  not  think  we  want  to  say 
that.  It  further  states  that  what  we  have  been  doing  tends  to  create 
confusion  and  sometimes  ridicule.  I  do  not  think,  even  if  that  is  the 
fact,  which  I  do  not  believe,  that  we  want  to  confess  our  sins  in  that 
public  manner.  I  do  not  think  that  this  Society  should  pass  a  resolu- 
tion to  criminate  itself.  I  am  free  to  say  that  I  believe  most  thoroughly 
in  the  24-o'clock  system.  I  also  feel  that,  however  such  a  thing  may  be 
in  abeyance  for  a  time,  it  will  ultimately  come  up,  and  that,  in  the  end, 
Ave  shall  gain  by  having  remained  firm  to  our  original  purpose.  It  cer- 
tainly is  a  matter  which  we  need  not  hurry  about  now.  There  may  be 
many  of  us  who  have  to  stop  and  think — many  of  the  Society  who  have 
to  stop  and  think — what  22  o'clock  means.  There  are  a  great  many  who 
will  save  a  good  deal  of  time  when  they  figure  the  difference  between 
10  and  22,  but  still,  that  is  the  old  argument  of  the  good  people  in 
Philadelphia  who  claim  that  their  Quaker  origin  has  enabled  them  to 
figure  interest  and  the  difference  of  time  between  the  days  of  the  week 
and  different  months  quicker  than  anybody  else  can.  But  be  that  as  it 
may,  this  matter  can  just  as  well  be  acted  upon,  if  it  ever  is  to  be  acted 
upon,  at  the  time  that  Mr.  Fleming  anticipates,  when  he  will  ask  that 
his  committee  be  discharged;  and  I  would  therefore  move:  That  this 
matter  be  referred  to  the  Board  of  Direction  to  be  reported  on  by  the 
Board  at  the  next  Annual  Meeting. 

A.  M.  Millek,  M.  Am.  Soc.  C.  E.— I  second,  very  heartily,  Mr. 
Morison's  motion.  I  believe  that  this  24-hour  system  is  of  enormous 
importance.  I  believe  that,  if  we  could  get  the  railroads  to  adopt  it, 
half  the  accidents  would  not  happen  that  do  happen.  There  is  no 
question  then  about  a.  m.  and  p.  m.  I  have  had  experience  myself  in 
that,  in  telegraphing.  In  respect  to  steamboats,  running  down  the 
river,  I  always  make  them  report  when  they  arrive.  At  first  the  tele- 
graph operator  refused  to  receive  a  dispatch  because  all  my  clerk 
reported  was  "Arrived  13."  I  knew  where  my  boat  was.  I  didn't 
care  about  the  telegraph  operator.  You  will  find  that  all  these  acci- 
dents on  the  railroads  are  mainly  from  p.  m.  and  a.  m.  We  have  no  p. 
M.  and  a.  m.  in  the  24-o'clock  svstem.     All  astronomers  use  the  24-hour 
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liiscussion  on  system.  I  may  be  considered,  by  Mr.  Morison,  a  fanatic  on  that  point, 
System  but  I  absolutely  say  that  it  is  practical,  aud  I  believe  that  we  ought  to 
(continued).  jnsjs^  Upon  it.  Everybody  objected  to  having  the  change  of  meridian  at 
first.  It  was  a  long  time  before  that  was  established.  The  Detroit 
people  had  three  times,  I  think — local  time,  railroad  time  and  some- 
body else's  time.  We  finally  got  that  adopted,  and  there  is  no  trouble 
about  this.  It  can  be  done,  and  it  is  the  simplest  way  to  measure  time. 
God  gives  us  that  measure.  All  astronomers  measure  the  same  way, 
and  there  is  no  mistake  when  you  measure  the  right  ascension  for  a 
star,  so  many  hours,  24  or  23  or  whatever  it  is;  but  that  finishes  the 
whole  business;  you  know  where  to  find  it. 

Mr.  Prout. — Mr.  President,  I  would  like  to  state  just  one  word'  in 
answer  to  one  of  the  points  that  Mr.  Morison  made:  namely,  that  the 
resolutions  point  to  the  discontinuance  of  this  system,  and  then  leave 
it  with  the  Board.  They  were  so  worded  designedly.  The  resolu- 
tion is:  "  That  it  is  the  sense  of  this  meeting  that  the  use  of  this 
system  should  be  discontinued,  if  this  can  be  accomplished  without 
discourtesy  to  its  former  advocates."  Then  the  Board  of  Direction  is 
requested  to  order  its  discontinuance  "whenever,  in  its  judgment, 
the  above  condition  exists;"  that  is,  that  it  can  be  accomplished  with- 
out discourtesy  to  its  former  advocates.  I  see  no  inconsistency  in 
this. 

Mr.  Morison. — What  that  amounts  to  is,  voting  now  by  the  Society 
in  Annual  Meeting  to  discontinue  the  use  of  the  24-o'clock  system. 
That  much  is  positive.  It,  then,  having  taken  that  action,  charges 
the  Board  of  Direction  with  some  method  of  doing  this — with  the  task 
of  discovering  some  method  of  doing  this  with  the  utmost  politeness. 
I  do  not  think  that  is  the  proper  kind  of  thing  to  refer  to  the  Board 
of  Direction.  I  think  the  Society  should  either  act  at  first  positively 
and  bear  the  whole  burden  of  its  own  discourtesy,  if  there  is  a  dis- 
courtesy, or  leave  the  whole  thing  to  the  Board  of  Direction.  I  do 
not  like  the  idea  of  voting  down  at  a  meeting,  without  notice,  a  i^rac- 
tice  which  has  existed  in  the  Society  for  a  great  many  years,  and  then 
ask  the  Board  to  find  some  means  by  which  the  Society  will  do  it 
politely.  I  think  we  should  either  refer  the  whole  matter  to  the 
Board  of  Direction,  or  nothing.  I  therefore  make  the  motion  which  I 
did  and  which  may  be  considered,  I  presume,  an  amendment  to  Mr. 
Prout's  motion.  (Seconded.)  As  I  have  been  asked  to  repeat  that 
motion,  I  will  state  that  I  move  that  this  subject  be  referred  to  the 
Board  of  Direction,  with  a  request  that  they  make  a  report  at  the  next 
Annual  Meeting. 

The  President. — Do  you  offer  that  as  an  amendment  to  Mr.  Prout's 
motion? 

Mr.  Mokison. — 1  will  make  it  as  an  amendment. 

The  President. — As  an  amendment? 
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Mr.  Morison. — Yes. 

Mr.  Foster  Crowell. — Is  a  remark  on  the  original  motion  now  in 
order  ? 

The  President.  — One  rninute,  please.  Do  you  mean  the  Annual 
Meeting  or  the  Convention? 

Mr.  Morison. — The  Annual  Meeting. 

The  President. — The  Annual  Meeting  in  January? 

Mr.  Morison. — Yes. 

Mr.  Crowell. — Are  remarks  on  the  original  motion  still  in  order, 
Mr.  President? 

The  President. — Certainly. 

Mr.  Crowell. — Then  I  would  call  attention  to  the  fact  that  this 
resolution,  while  it  is  aimed  at  the  discontinuance  of  the  notation  in 
the  literature  of  the  Society,  really  seems  to  be  directed  to  the  24- 
hour  notation  in  general;  and  to  pass  that  resolution  would  look  as  if 
it  was  a  declaration,  on  the  part  of  the  Society,  that  the  principle  of 
the  24-hour  notation  was  not  a  correct  one  and  should  be  abandoned. 
I  do  not  know  whether  the  phraseology  of  the  resolution  is  clearly 
that;  but  that  is  the  way  it  strikes  me,  and,  therefore,  I  think  that  if 
this  motion  were  to  prevail  it  would  be  doing  more  than  even  the 
author  of  the  resolution  intended.  The  preamble  says,  "Whereas: 
The  use  of  the  24-o'clock  system  in  the  notices  of  the  Society  has  not 
accomplished,  and  is  not  likely  to  accomplish,  the  end  for  which  it 
was  adopted."  That  is  clear  enough.  But  the  resolution  that  the 
use  of  the  system  be  discontinued,  implies  that  we  are  not  in  favor 
even  of  the  idea.  I  agree  with  the  gentlemen  who  have  spoken,  and  I 
have  previously  expressed  myself  to  the  effect,  that  the  ultimate 
importance  of  this  measure,  the  practical  importance  of  this  measure, 
is  worth  whatever  ridicule  or  misunderstanding  may  be  created  in  the 
minds  of  a  few  people  outside  of  the  Society  who  know  that  we  use 
this  notation.  The  declaration,  however,  by  the  Society  that  we  do 
not  approve  of  it,  even  in  such  a  limited  way,  would  go  abroad  and  it 
would  have  its  effect  in  discouraging  further  efforts  in  this  eminently 
practical  direction.  I  cannot  exactly  see  why  so  much  stress  is  laid 
on  the  difficulty  of  making  the  calculations  in  our  minds  as  to  the 
notices  of  the  Society,  when  we  think  of  the  immensely  greater  diffi- 
culty that  is  going  on  all  the  time,  on  the  part  of  all  the  people,  in 
satisfying  themselves  as  to  whether  4  o'clock  means  4  o'clock  in  the 
morning  or  4  o'clock  in  the  afternoon. 

Mr.  A.  M.  Miller. — It  is  not  4  o'clock  in  the  afternoon,  sir;  it  is  20 
o'clock.     I  mean  16  o'clock.     (Laughter.) 

Mr.  Protjt. — I  ask  no  better  argument  than  that. 

Mr.  Crowell. — I  was,  of  course,  referring  to  the  difficulty  outside 
of  the  Society.  I  hope  Mr.  Morison's  amendment  will  prevail,  and 
that  the  Society  will  not  take  any  action  at  this  time;  especially  as  we 
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Discussiou  on  have  just  adopted  the  report  of  the  Committee,  which,  as  far  as  it  goes, 
is  in  distinct  contradiction  of  this  resolution. 

Mi\  T.  C.    Clarke. —Is  another  amendment  in  order  ? 

The  President. — The  amendment  is  in  order;  yes,  sir, 

Mr.  Clarke. — Another  amendment  ? 

The  President. — Not  another  amendment;  no,  sir. 

Theodore  Cooper,  M.  Am.  Soc.  C.  E. — If  my  recollection  serves  me 
correctly,  it  was  originally  ordered  in  our  publications  that  the  two 
systems  be  put  in  all  our  records — 8  o'clock  p.  m.  and  20  o'clock  in 
brackets,  or  vice  versa.  That  was  educational,  and  that  was  main- 
tained for  a  number  of  years.  Then  by  some  authority,  I  do  not  re- 
member what,  I  think  by  resolution;  I  think  the  extremists  were  not 
satisfied  with  that,  it  wras  ordered  that  the  ordinary  time  be  wiped 
out.  Since  then  we  have  been  using  the  21-hour  system  solely,  and  it 
is  not  educational.  The  very  purpose  which  was  originally  intended 
was  the  purpose  of  educating  ourselves.  We  have  failed  in  that,  be- 
cause now  it  does  not  mean  anything.  You  do  not  have  before  your  eye 
the  two  times  to  get  acquainted  with  them.  Now  it  seems  there  is  a 
half-way  measure  here;  we  can  step  back  to  that,  and  put  our  time  in 
all  our  publications  according  to  the  ordinary  system,  8  p.  m.,  and  the 
20  afterward  in  brackets  if  it  is  wished  to.  It  will  cost  very  little  for 
type  and  we  will  get  the  benefit  of  the  education.  That  will  not  stul- 
tify our  past  action  and  we  will  not  make  ourselves  ridiculous,  as  our 
friend  Mr.  Prout  says.  It  strikes  me  it  compromises  the  two  and 
accomplishes  the  purpose  and  at  the  same  time,  as  I  before  remarked, 
it  does  not  stultify  our  past  action. 

John  F.  O'Eourke,  M.  Am.  Soc.  C.  E. — Mr.  Chairman,  if  there  is 
any  one  thing  I  admire  in  societies  or  individuals  it  is  courage,  and  if 
there  is  any  one  thing  that  1  regard  as  the  highest  form  of  courage,  it 
is,  after  you  have  fallen  or  been  led  into  a  course  of  action  for  which 
there  is  no  warrant,  that  you  should,  when  the  fact  becomes  apparent 
to  you,  correct  it.  Now  I  do  not  think  there  is  any  opinion  that  is  held 
more  strongly  in  this  Society  than  that  the  24-o'elock  system  is  ridicu- 
lous, and  it  is  ridiculous  for  this  reason,  that  the  Almighty  divided  the 
24  hours  into  day  and  night,  and  if  you  send  out  invitations  for  a  5 
o'clock  tea,  presuming  that  you  were  in  ladies'  society,  you  would  have 
none  of  your  callers  come  at  5  o'clock  in  the  morning.  In  the  same 
way,  there  is  hardly  an  incident  in  a  man's  daily  life  or  in  the  actions 
of  a  society,  that  requires  the  fact  to  be  defined  that  it  is  not  in  the 
middle  of  the  night  or  that  it  is  not  in  the  first  of  the  morning.  The 
mere  invitation  to  come  to  a  meeting  of  this  Society  implies  that  it  is 
at  the  usual  hour  at  which  such  meetings  are  held.  Such  meetings 
are  held  not  at  8  'clock  a.  m.,  but  at  8  o'clock  p.  m. 

A  Member. — The  usual  hour  would  not  mean  anything. 

Mr.  O'Eourke. — I  beg  your  pardon,  sir;  I  did  not  exactly  hear. 
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The  Member. — The  usual  hour  would  not  mean  anything. 

Mr.  O'Roukke. — The  usual  hours  for  doing  things  are  so  well,  fixed 
that  I  do  not  think  it  is  necessary  we  should  make  them  ironclad.  If 
we  want  to  become  very  precise  I  should  imagine  that  we  would 
divide  the  year  up  into  hours,  and  call  a  meeting  for  the  thousandth 
hour,  and  then  we  could  dispense  with  days  (laughter). 

Mr.  Chairman,  to  go  back,  as  Mr.  Cooper  did,  to  the  beginning  of 
this  movement,  it  took  its  rise  in  the  confusion  of  time  tables — by  the 
time  tables  not  stating  or  showing  on  their  face  whether  the  hour  of 
the  train  was  at  night  or  in  the  daytime.  That  was  a  good  point  to 
define  the  difference  between,  because  when  you  are  dealing  with 
time  tables,  with  trains  run  all  day  and  all  night,  and  when  your  day 
is  divided  into  two  parts,  the  hour  of  which  you  are  speaking  is  not 
so  clearly  defined.  In  fact,  it  is  not  defined,  and  a  great  deal  of  com- 
mon sense  and  proper  disci'etion  was  necessary  in  those  days  to 
define  the  two.  The  solution  was  to  print  the  numbers  darker  for 
the  afternoon;  that  is,  the  hours  after  the  meridian  were  printed  in 
heavier  type  than  the  morning  hours,  and  then  the  thing  was  done 
with.  Anyone  who  looked  at  a  time  table  did  not  have  to  figure  out 
whether  it  was  dark  or  light  type;  he  could  see  it.  Anyone  who 
looked  at  time  tables  on  the  24-o'clock  system  had  to  figure  it  out, 
and,  like  one  of  our  enthusiasts  on  the  subject,  often  figured  it 
wrong.  Therefore,  Mr.  Chairman,  I  am  heartly  in  favor  of  not  only 
adopting  Colonel  Prout's  motion,  but,  for  myself,  I  would  go  farther — 
I  do  not  propose  to  offer  that  action  however — and  I  would  be  in 
favor  of  dispensing  with  that  thing  in  a  minute.  I  would  get  rid  of 
it  so  quickly  that  I  would  want  even  to  forget  the  fact  that  this 
Society  for  over  ten  years  has  been  going  contrary  to  common  sense 
and  its  own  beliefs.     (Laughter.) 

Henry  S.  Haines,  M.  Am.  Soc.  C.  E. — I  hope  that  I  may  be  par- 
doned for  adding  a  few  words  more  to  this  discussion,  and  I  do  so 
because  I  want  to  present  this  subject  in  an  aspect  in  which  I  have 
not  yet  heard  it  discussed  in  this  meeting.  I  may  preface  the  few 
words  I  have  to  say  by  stating  that  it  is  a  subject  with  which  I  am 
quite  familiar,  as  I  was  chairman  of  one  of  the  committees  of  the 
railway  managers  which  introduced  what  we  know  as  the  "standard 
system  of  time"  in  the  actual  use  of  the  railroads  of  this  country, 
and  subsequently,  as  President  of  the  American  Railway  Association 
for  nine  years,  this  matter  has  been  before  me  very  often.  I  will  add 
that  there  is  one  part  of  this  preamble  with  which  I  am  entirely  in 
accord,  and  that  is  that  the  use  of  the  24-o'clock  system  is  not  likely 
to  be  accomplished. 

A  Member. — I  don't  agree  with  you. 

Mr.  Haines. — I  have  told  you  what  my  experience  has  been  in  the 
matter.     I  think  anyone  who  is  familiar  with  this  whole  subject,  so 
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Discussion  on  far  a-<  the  railway  system  of  this  country  is  concerned,  will  agree  that 
System  I  have  had  a  good  deal  of  experience  in  this  matter.  I  am  not  ex- 
< continued).  pressjng  my  views  as  to  the  advisability,  theoretically,  of  the  appli- 
cation of  the  24-o'elock  system  to  the  uses  of  the  business  world.  I 
am  only  telling  you  that  the  railway  managers  of  this  country  do  not 
believe  that  it  is  practicable  to  apply  it  to  the  operation  of  railway 
ti'ams.  The  matter  has  been  before  the  American  Railway  Association 
time  and  a^ain.  It  has  been  brought  before  that  Association  through 
the  medium  of  this  Society,  and  I  say,  that  so  far  as  this  Society  being 
able  to  accomplish  the  application  of  the  24-o'clock  system  to  the 
operation  of  railway  trains  in  this  country,  I  do  not  believe  that  they 
can  do  it.  But  that  is  not  the  point  of  which  I  wish  to  speak.  I 
think  that  what  I  am  about  to  say  would  be  of  more  effect  because  of 
what  I  have  just  stated,  and  that  is  that  I  am  not  at  all  in  sympathy 
with  this  motion,  and  I  will  say  why  I  am  not.  This  is  not  a  motion 
which  disposes  of  the  subject  in  a  proper  way.  There  is,  as  I  under- 
stand it,  a  special  committee  to  which  this  Society  has  given  this 
subject.  That  Committee  has  not  yet  made  a  final  report.  We  have 
simply  here  a  letter  from  the  Chairman  of  that  Committee  expressing 
his  individual  views,  in  which  he  certainly  has  not  asked  that  the 
committee  may  be  discharged;  but  intimates,  as  I  understand  his 
letter,  that  the  time  is  approaching  at  which  he  hopes  that  it  can  be 
discharged,  for  the  reason  that  it  will  have  accomplished  its  purpose. 
Now,  why  preclude  that  Committee  from  making  a  report  on  the  sub- 
ject which  has  been  committed  to  it?  Why  preclude  that  Committee 
from  making  a  report  by  a  resolution  of  this  character?  My  objec- 
tion to  this  resolution  is  one  that  I  have  not  yet  heard  stated,  and 
that  is  that  it  is  not  courteous  to  the  committee  that  you  have 
appointed,  to  dispose  of  the  subject  committed  to  it  in  this  way.  I  do 
not  know  what  gentlemen  are  on  that  Committee,  but  if  there  is  a 
member  of  that  Committee  present  I  think  he  ought  to  get  up  and 
say  something  in  favor  of  the  Committee  and  of  the  Chairman  who  has 
written  that  letter,  and  I  do  hope  that  the  gentleman  who  has  offered 
this  resolution  will  withdraw  it.  As  I  say,  it  is  not  a  question  of 
whether  you  will  favor  the  24-o'clock  system  or  not.  It  is  a  question 
of  whether  that  is  a  proper  or  respectful  way  in  which  to  treat  one  of 
your  special  committees.     (Applause.) 

Frederic  P.  Stearns,  M.  Am.  Soc.  C.  E. — In  the  discussions  of  last 
vear  and  of  this  year  the  merits  of  the  24-hour  system  are  taken  up. 
Now,  I  wish  to  vote  against  Mr.  Morison's  amendment  and  in  favor  of 
this  original  motion;  but  I  am  heartily  in  favor  of  the  24-hour  system. 
It  does  not  seem  to  me  that  it  will  do  one  bit  of  good  to  continue  it  in 
the  notices  and  on  our  calendar.  That  is  the  one  point  in  question  at 
the  present  time — whether  we  shall  continue  it  there — and  I  intend  to 
vote  as  I  have  said.  Still,  I  am  ready  to  advance  in  any  way  the  24- 
hour  system  when  it  can  be  done  to  any  advantage. 
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Henry  B.  Seaman,  M.  Am.  Soc.  C.  E. — There  seems  to  be  some 
criticism  as  to  the  courtesy  of  the  original  motion.  I  think  the  amend- 
ment is  open  to  the  same  criticism,  that  it  is  discourteous  to  the  Board 
of  Direction  to  restrict  their  action  to  the  next  Annual  Meeting.  I 
think  we  can  obviate  both  objections  by  amending  the  whole — to  be 
referred  to  the  Board  of  Direction  with  power  to  act.  They  are  our 
representative  body.     I  make  a  motion  to  that  effect. 

The  President. — The  motion  is  not  in  order  now. 

A  Member. —I  move  that  the  question  be  laid  on  the  table. 
(Seconded.) 

The  President. — Are  there  any  more  remarks? 

Mr.  Prout. — I  wish  to  add  just  one  word  on  the  courtesy  matter. 
The  remaining  members  of  the  Committee  are  Mr.  Sandford  Fleming, 
Mr.  Charles  Paine  and  Mr.  Theodore  N.  Ely.  Two  of  those  gentlemen 
I  count  among  my  closest  personal  friends,  and  I  should  be  the  last 
man  in  the  world  to  do  or  say  anything  discourteous  to  either.  The 
purpose  of  this  was  to  put  it  in  the  hands  of  our  Board  of  Direction, 
which  we  can  always  trust,  to  do  the  reasonable  and  courteous  thing; 
and  I  imagine  that  if  it  goes  to  them  in  this  shape,  the  Board  of 
Direction  will  see  that  the  thing  is  engineered  through  without  hurting 
anybody's  feelings,  and  will  let  the  Committee  out  in  the  most 
graceful  manner  possible. 

J.  N.  Chester,  Assoc.  M.  Am.  Soc.  C.  E. — I  wish  to  second  Mr. 
Seaman's  motion.  While  another  motion  was  made  and  seconded  be- 
tween, I  should  think  that  was  out  of  order,  because  neither  the 
gentleman  who  made  the  motion  nor  the  gentleman  who  seconded  it 
was  recognized  by  the  chair.  Therefore  I  second  Mr.  Seaman's 
motion. 

Mr.  Morison.  —I  would  rise  to  a  point  of  order.  A  motion  to  lay  a 
subject  on  the  table  I  think  takes  precedence  of  all  other  motions  and 
is  not  debatable.  I  think  the  only  matter  before  the  meeting  is  the 
motion  to  lay  it  on  the  table. 

Mr.  Seaman. — -The  motion  to  lay  on  the  table  was  not  seconded. 

Mr.  Haines. — I  seconded  it. 

Mr.  Cooper. — I  seconded  the  motion  to  lay  on  the  table  with  as 
loud  a  voice  as  I  could. 

The  President. — Any  more  remarks,  gentlemen?  (Question  called 
for.)  It  is  moved  and  seconded  that  the  matter  be  laid  on  the  table. 
Those  in  favor  of  this  motion  please  say  aye;  contrary,  no.  I  Division 
called  for.)  I  believe  we  will  have  to  ask  the  members  to  stand. 
Those  in  favor  of  laying  the  motion  on  the  table,  please  rise. 

Seventy-nine  members  rose. 

The  President. — Those  opposed  to  laying  the  motion  on  the  table, 
please  rise. 

Twentv-one  members  rose. 
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Pbesedkst. — The  motion  is  laid  on  the  table. 
-hort  time  ago.  grentlenien.  we  read  to  you  a  communication  from 
Mr.  Willard  A.  Smith,  which  was  referred  by  yon  to  the  Board  of 
Direction;  but  inasniucL  -  Mr.  Smith  has  come  iu  since,  and  may  have 
some  interesting  remarks  to  make,  I  will  ask  him  to  develop  the 
subject  of  his  letter  to  the  meeting. 

Mr.  Wilxakd  A.  Smith. —Gentlemen  of  the  American  Society  of 
Civil  Engineers:  I  will  only  occupy  your  time  very  briefly,  and  only 
that  you  may  have  the  subject  which  has  been  presented  to  you  in  the 
letter  fully  before  you  at  this  time.  In  the  Paris  Exposition  of  190<> 
there  is  the  important  department  of  Civil  Engineering  and  Means  of 
Transportation.  One  of  the  principal  buildings  on  the  Champ  de 
Mars  is  allotted  to  this  subject.  There  is  also  other  space  incidentally 
given  to  it.  You  will  observe  that  in  the  title  of  the  department,  very 
properly.  Civil  Engineering  comes  first.  It  is  the  intention  of  the 
Direction  of  the  Paris  Exposition,  the  leading  members  of  which  are 
themselves  civil  engineers  of  wide  reputation,  to  make  this  department 
a  much  more  important  one  than  it  has  been  at  any  previous  exposition. 
They  are  giving  especial  attention  to  the  historical  features.  There  is 
n  department  of  the  whole  exposition  called  the  Retrospective  Depart- 
ment, the  object  being  to  illustrate  the  progi-ess  in  all  departments  of 
arts  and    -  luring  the  century  which  is  just  closing.     In  this 

department  there  are  large  committees  of  French  business  men,  engi- 
neers and  others,  representing  every  department  of  industry,  and 
amontf  these  the  very  important  committee  on  engineering. 

The  chairman  of  this  committee  has  recently  issued  letters  to  French 
engineers  throughout  the  whole  nation,  asking  for  their  hearty  co- 
operation and  defining  the  outline  of  the  work.  Of  course  the  ad- 
vancement in  civil  engineering  during  this  century  really  surpasses 
anything  else  that  can  be  shown  in  the  whole  exposition.  This  has  been 
undertaken  systematically  by  the  French  engineering  societies  and 
the  various  business  organizations  with  which  the  various  engineers 
are  connect'- d.  The  -nine  work  has  been  undertaken  in  Great  Britain, 
and  on  a  liberal  scale  in  <  Germany,  where  all  the  engineering  and  tech- 
nical -  ire  uniting  for  an  exhibit  somewhat  similar,  but  possibly 
more  complete  and  larger  even  than  that  which  they  made  at  the 
World's  Columbian  Exposition  in  Chicago,  in  1893.  which  many  of  you 
will  remember  as  possibly  the  largest  and  best  engineering  exhibit 
which  has  evei  been  made  anywhere.  It  is  our  desire  that  civil  engi- 
aeering  in  America  should  be  equally  well  represented,  and  I  know 
of  no  better  way  than  to  nsk  at  the  outset  the  co-operation  of  this 
Society  through  a  proper  committee,  or  even  that  this  Society  should 
take  charge  of  that  subject.  I  have  presented  the  matter  to  the 
Western  Society  of  Engineers,  who  will  undoubtedly  co-operate.  The 
method  of  doing  bo  has  not  been  fully  determined.     We  shall  have,  it 
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is  assured,  some  very  interesting  and  important  engineering  models : 
notably  one  of  the  new  drainage  canal  at  Chicago,  and  in  connection 
with  that  we  hope  for  working  models  of  all  the  varied  machinery  used  in 
its  construction,  than  which  probably  there  could  be  no  more  interest- 
ing modern  engineering  exhibit.  You  of  the  American  Society  know 
better  what  ought  to  be  exhibited,  and,  consequently,  what  can  be 
exhibited,  in  a  fair  of  this  kind.  Some  small  particulars  may  be  of 
interest  to  you.  On  the  ground  floor  of  the  Department  building  on 
the  Champ  de  Mars  there  are  7  640  sq.  ft.  In  the  gallery,  which  will 
undoubtedly  be  devoted  largely  to  models  and  engineering  exhibits, 
and  which  is  very  accessible  to  light  and  very  desirable  in  every  way, 
there  are  5  166  ft.,  making  nearly  13  000  ft.  in  that  space.  That  is  as 
much  as  the  allotment  given  to  any  country  outside  of  France. 

The  President. — Does  that  take  the  wall  surface.  Mr.  Smith  '? 

Mr.  Smith. —No.  sir:  floor  space  only.  All  wall  space  is  at  our  dis- 
posal, with  the  siuele  limitation  that  partitions  shall  be  of  a  certain 
uniform  height.  In  the  Marine  Building,  which  is  situated  on  the 
Quai  D'Orsay.  right  on  the  banks  of  the  Seine,  midway  between  the 
Champ  de  Mars  and  the  Esplanade  des  Invalides.  we  have  on  the 
ground  floor  a  space  of  1  862  sq.  ft.,  but  our  Commission  has  secured 
the  space  and  provided  for  the  erection  of  another  building  immedi- 
ately adjoining,  to  be  called  the  Annex  to  the  Marine  Department. 
The  purpose  of  this  building  was  originally  to  provide  proper  quarters 
for  the  exhibit  of  the  United  States  Government  Weather  Bureau. 
That  will  require  only  one-half  of  the  building.  The  other  half  will  be 
at  our  disposal,  provided  Congress  supplies  funds  for  putting  up  the 
buildings  which  we  have  to  erect,  and  we  shall  have  there  4  519  sq.  ft. 
of  ground  space,  a  space  which  is  very  available,  in  its  connection 
with  the  marine  department  and  United  States  Weather  Bureau,  for 
certain  classes  of  engineering  exhibits.  I  should  say  that  we  are 
somewhat  relieved  in  the  matter  of  space  in  the  main  building  by  the 
fact  that  the  large  railroad  exhibit,  the  outdoor  exhibits,  locomotives, 
car-,  tracks  and  everything  of  that  kind,  as  well  as  the  entire  exhibit 
of  bicycles  and  automobiles,  which  promises  to  be  very  large,  indeed, 
will  be  at  the  Bois  de  Vincenues.  a  park  with  which  most  of  you 
are  acquainted,  some  nine  miles  distant  from  the  main  grounds, 
connected  by  good  railroad  systems  and  soon  to  be  connected 
by  another  line  partially  underground,  which  is  now  approaching 
completion,  and  giving  very  easy  connection.  The  location  is  a 
superb  one.  It  is  a  beautiful  place,  the  only  objection  being  that  it  is 
removed  from  the  main  exhibition  grounds.  As  against  that,  however, 
we  have  the  fact  that  there  will  probably  be  no  other  exhibit  that 
will  attract  the  public  to  so  large  an  extent  as  the  exhibit  of  auto- 
mobiles, which  are  to  be  shown  in  operation  at  this  place.  There  is  a 
^reat  craze  on  this  subject  of  automobiles.      The   recent  exhibition  of 
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1  200  vehicles  shows  that.  So  that  this  location  is  very  desirable  for 
any  large  railroad  or  engineering  exhibits  connected  with  it.  This 
arrangement  will  give  us  more  sjjace  in  the  main  buildings  for  the 
sinaU  exhibits.  I  would  like  to  have  a  very  thorough  representation 
of  the  most  important  American  engineering  work  of  this  century,  if 
it  is  possible  to  get  at  it.  We  have  to  labor,  however,  under  this  diffi- 
culty: As  a  Commission,  we  have  no  money  for  such  purposes.  "We 
hope  to  get — I  think  there  is  no  question  but  that  we  shall  get — a 
reasonable  appropriation  for  the  expenses  of  the  loan  exhibits,  which 
will  not,  however,  provide  for  making  the  exhibits  themselves. 
Among  other  steps  which  I  have  already  taken,  in  the  few  days  since  I 
have  accepted  the  position,  is  to  address  a  letter  to  the  mayors  of  the 
principal  cities  of  the  United  States,  notably  the  principal  ports,  sug- 
gesting that  proper  models  of  their  cities  be  prepared ;  the  scale  to  be 
determined  afterward,  when  we  find  how  many  wish  to  do  it  and  how 
many  we  can  provide  space  for.  Models  of  this  kind,  properly  made, 
would  be  a  most  interesting  exhibit.  Certainly  one  of  the  City  of  Chi- 
cago would,  and  I  know  that  a  model  of  Greater  New  York,  showing- 
all  the  facilities  of  the  harbor  and  wharves,  bridges,  terminal  facilities, 
transfer  facilities,  intramural  transit,  sewerage  system,  water  supply 
and  everything  of  that  nature,  would  be  of  great  interest.  I  think  the 
suggestion  will  receive  very  hearty  support,  and  that  the  city  govern- 
ments will  undertake  the  work  under  the  charge  of  their  own  engi- 
gineering  staff.  The  suggestion  has  been  well  received,  not  only  from 
the  standpoint  of  advertising  each  city  and  as  a  matter  of  local  pride, 
but  from  the  fact  that  such  models,  when  returned  to  this  country, 
would  have  a  very  decided  value  in  the  conduct  of  the  engineering 
department  of  the  city  government. 

The  Pkesident. — Excuse  me,  one  second,  Mr.  Smith.  It  being  12 
o'clock,  I  have  to  announce  that  the  ballot  for  officers  of  the  Society  is 
now  closed. 

Mr.  Smith. — I  have  not  much  more  to  say,  with  this  exception. 
The  Secretary,  in  his  letter  to  me,  suggests  that  some  information  is 
desirable  as  to  whether  any  expense  to  the  American  Society  would 
be  involved  in  connection  with  an  exhibit  of  this  kind.  I  can  only 
say  that  we  will  undertake  the  transportation  and  care  of  such  exhi- 
bits and  their  return.  We  cannot  undertake  the  expense  of  providing 
models,  drawings  or  maps,  or  anything  of  that  kind,  nor,  in  fact,  of 
the  cases  in  which  to  exhibit  them.  But  it  is  my  impression  that  a 
most  desirable  exhibit  of  this  kind  can  be  secured  at  the  expense  of 
the  local  governments  or  at  the  expense  of  manufacturing  companies 
who  have  certain  interests  in  connection  with  them.  A  number  of 
cases  of  that  kind  have  already  come  to  my  observation.  We  have  the 
privilege  of  securing  from  the  National  Museums,  the  Smithsonian 
Institution,   or   any  of  the   Departments  at  Washington,  the   Postal 
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Department  or  any  other,  any  models  or  matters  of  that  kind  that  we 
desire.  Those  were  utterly  refused  to  us  in  the  exhibition  of  1893, 
because  the  Government  had  its  own  building  and  its  own  exhibit. 
But  we  have  the  right,  under  the  law,  to  enter  any  of  the  Departments 
at  the  present  time,  and  call  for  anything  that  they  have  there. 

I  had  the  pleasure,  on  Monday  afternoon,  of  an  interview  with  the 
New  York  State  Commission  of  fifteen  members  to  the  Paris  Exhibi- 
tion. We  did  not  contemplate  the  existence  of  any  commissions  of 
this  kind,  and  the  difficulty  is  to  find  something  for  them  to  do.  The 
first  question  asked  is,  can  they  have  a  space  for  a  New  York  build- 
ing? It  was  with  an  infinite  amount  of  difficulty  that  a  space  for  a 
United  States  building  could  be  obtained.  In  the  next  place  could 
they  have  a  space  in  the  United  States  building  for  the  State  of  New 
York?  That  is  not  feasible.  The  whole  plan  of  the  Exhibition  is  one 
of  condensation.  It  has  been  stated  repeatedly  that  only  exhibits  of 
the  highest  nature  must  be  shown.  That  is  the  rule  of  the  Paris 
authorities,  and  it  is  certainly  absolutely  necessary  on  our  part. 
They  have  about  two-thirds  of  the  space  all  put  together  that  we  had 
at  the  Columbian  Exhibition  in  Chicago.  The  demands  for  space  are 
very  great,  and  necessarily  the  amount  which  they  can  give  to  each 
nation  is  extremely  limited.  For  that  reason  we  must  necessarily 
study  condensation;  but  I  believe  that  the  opportunity  for  a  good 
American  engineering  exhibit  will  be  greater  than  we  have  ever  had 
before,  unless  it  was  in  Chicago.  There  the  engineering  societies  and 
the  engineers  in  general  did  not  think  it  altogether  important  that 
they  should  make  distinctly  civil  engineering  exhibits,  because  our 
business  is  more  broad  and  we  necessarily  see  the  works  themselves, 
and  it  was  not  so  important  that  they  should  exhibit  models  or  pict- 
ures or  maps  of  them,  and  the  Avhole  exhibition  was  necessarily  an 
engineering  work.  Here,  we  stand  in  an  entirely  different  position. 
France  and  European  countries  have  that  advantage.  Their  engi- 
neering works  can  be  examined  by  visitors  from  all  parts  of  the 
world;  ours  cannot.  The  only  opportunity  we  can  have  for  a  proper 
representation  of  America  is  to  make  it  in  an  exhibition  of  this  kind. 
I  desire  to  say  that  personally  I  would  be  very  glad  to  heartily  co- 
operate with  any  committee  which  you  might  appoint,  either  in  the 
matter  of  suggestion  or  any  assistance  that  I  could  give,  and  I  should 
heartily  appreciate  your  assistance. 

I  did  not  complete  the  point  which  I  made  in  regard  to  the  New 
York  State  Commission,  which  is  illustrative  of  what  your  Committee 
could  do.  I  suggested  to  the  Chairman  of  the  Commission — they 
want  a  reason  for  securing  an  appropriation  from  the  State,  of  course 
— that  in  most  departments  of  the  Exhibition  they  could  do  absolutely 
nothing;  that  the  United  States  Government  takes  charge  of  the  agri- 
cultural exhibits,  and  also  of  the  exhibit  of  mines  and  mining  and 
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mineralogy,  and  of  the  exhibit  of  the  department  of  education.  You 
will  remember  that  they  had  models  of  the  Erie  Canal  and  of  the 
ontinued..  water-ways  of  the  State  of  New  York  at  the  Columbian  Exhibition  in 
1893.  With  a  reasonable  appropriation  from  the  State,  the  State  of 
New  York,  of  course,  could  make  a  magnificent  exhibit,  and  I  feel  free 
•  say  to  you  that  the  New  York  Stat;-  Commission  will  co-operate 
with  any  committee  that  your  Society  may  appoint,  and  I  believe 
would  undertake  to  carry  through  the  expense  of  any  exhibit  con- 
nected with  anything  in  the  State  of  New  York.  I  feel  the  same  way 
regarding  the  Massachusetts  Commission,  from  things  that  have  been 
said  there.  So  that  it  seems  to  me  that  the  time  is  propitious,  and 
that,  at  the  end  of  the  century,  American  engineers  should  avail 
themselves  of  this  decidedly  open  door  to  make  themselves  known  to 
the  world.  The  country  has  become  known  to  the  world  lately 
through  a  war.  President  McKinley  is  exceedingly  anxious  that  we 
should  make  a  creditable1  exhibition  in  what  the  French  call  the  A-- 
-  of  Peace  *  at  the  Paris  Exposition.  It  follows  very  properly,  and 
very  naturally,  that  the  expansion  of  our  commerce  will  open  fields 
for  American  engineers  in  various  countries  in  the  world  where  they 
had  nothing  to  do  heretofore. 

•jtlemen,  I  thank  you  for  your  attention.      (Applause,  i 

Mr.  Cokthell.  —  Mr.  President,  may  I  ask  a  question  of  Mr.  Smith? 

The  Pbesedent. — Certainly,  sir. 

Mr.  (okthell. — Will  those  civil  engineering  exhibits  which  you 
;tsk  us  to  prepare  and  send  be  placed  with  the  engineering  exhibits  of 
other  countries  for  comparison? 

Mr.  Smith. — They  will.  The  space-  is  arranged  in  the  Engineering 
ami  Transportation  Building  in  transverse  sections  running  across  the 
building  for  each  country,  and  the  subjects  are  to  be  arranged  in  sec- 
tions running  longitudinally  through  the  building,  so  that  practically 
the  exhibits  of  the  different  nationalities  on  the  same  subjects  will 
come  in  line,  and  still  each  nation  will  have  its  own  exhibits  in  line, 
and  such  features  as  necessarily  come  into  this  department  of  car- 
riages and  bicycles,  and  exhibits  of  that  kind,  will  not  be  interspersed 
with  the  real  engineering  exhibits, 

Mr.  Cobthell. — I  am  very  glad  to  hear  that,  and  I  want  to  say  one 
word  on  that  point,  because  I  am  now  heartily  in  favor  of  it.  In  1891 
1  was  in  Europe  many  months  unofficially,  but  doing  a  good  deal  of 
missionary  work,  if  I  may  so  term  it,  and  was  in  consultation  occa- 
sionally, in  different  countries,  a-  we  met.  with  the  United  States 
Commission  that  was  there  for  the  purpose.  I  saw  a  great  many  en- 
gineers from  various  countries,  Germany,  France,  Belgium,  Holland 
and  Great  Britain,  to  endeavor  to  get  them  to  send  to  the  Chicago  Ex- 
position original  exhibits,  the  very  sort  of  things  that  Mr.  Smith  is 
asking  us  to  send.      Yes,  they  would  send  them.      In  the  meantime  the 


Affaire.]  REPORT    OF    THE    ANNUAL    MEETING.  47 

English  Commissioner  and  the  German  Commissioner,  io  my  absence 
and  unknown  to  me.  stated  that  they  wanted  the  exhibits  from  Eng- 
land and  from  Germany  with  their  own  exhibits.  So  the  engineer  told 
me:  "  If  that  is  the  plan  we  will  send  nothing.  We  do  not  propose  to 
have  our  models  and  maps  lost  in  the  great  mass  of  matter  which  will 
come  over  from  our  own  country."  I  am  very  glad  to  know  that  there 
will  be  a  different  arrangement,  so  that  if  we  send  our  exhibits,  show- 
ing our  Chicago  Channel,  for  instance,  showing  the  exhibits  of  the 
docks  here,  it  will  be  placed  where  anybody  can  step  into  another  de- 
partment nearby  and  see  what  Germany  has  done  or  what  Holland  or 
England  has  done.  So  that  there  will  be  an  engineering  competition, 
and  I  think  that  we  can  afford  to  enter  into  it.  from  what  I  have  seen 
in  Europe  in  the  last  few  years. 

Mr.  North. — As  one  of  the  Committee  that  got  up  the  exhibit  for 
the  Paris  Exposition  in  1878,  I  think  there  are  one  or  two  things  to 
which  attention  should  be  called.  Eirst.  it  is  absolutely  necessary,  if 
the  exhibit  is  to  be  of  any  use  to  the  United  States,  that  the  man  in 
charge  of  it  should  be  an  engineer.  We  had  money  enough  to  get  up 
an  exhibit  which  was  without  a  peer,  the  best  examples  of  the  work 
of  the  best  engineers  in  the  world:  but  there  was  nobody  there  to  ex- 
plain it.  and  it  did  us  so  little  good  that  between  lack  of  knowledge 
and  lack  of  interest  on  the  part  of  our  Commission,  we  got  just  as 
much  reward  as  the  British  Institution  of  Civil  Engineers  got  for  tot- 
ing there  a  set  of  their  Minutes  of  Proceedings  when  the  fair  was  abont 
half  through.  We  were  not  able  to  keep  a  man  there  to  explain  our 
exhibit,  and  we  were  without  sufficient  backing  from  the  American 
Commission.  Now.  I  take  it  from  Mr.  Smith's  coming  here  that  we 
will  not  stand  in  danger  of  not  having  backing.  But  the  Society,  or 
members  of  the  profession,  whether  they  belong  to  the  Society  or  not. 
should  not  send  over  exhibits  unless  there  is  somebody  there  who  has 
knowledge  of  engineering  matters  and  can  explain  them.  Of  course, 
a  large  manufacturing  concern  will  keep  one  or  two  agents  there  as  a 
trade  matter.  But.  for  instance,  if  maps  or  models  showing  the  Cro- 
ton  Aqueduct  supply  were  sent  over,  not  by  the  city,  but  by  the  en- 
gineer who  built  them,  he  would  be  without  resources  to  keep  a  man 
there  to  explain  them,  and  the  exhibit  would  be  virtually  thrown 
away.  I  think  that  the  Society  should  have  a  clear  understanding  on 
that  point  before  they  invite  people,  if  they  conclude  to  exhibit. 

Mr.  Mokison. — I  believe  I  was  Chairman  of  the  Committee  of  which 
Mr.  North  has  just  said  that  he  was  a  member.  I  do  not  want  to  say 
much,  but  I  think  the  experience  of  that  Committee  and  of  that  exhibi- 
tion of  1878  shows  that  it  is  well  worth  while  to  exhibit  American  engi- 
neering at  the  Paris  Exhibition  of  1900.  But  I  think  it  also  indicates 
that  it  is  probably  not  expedient  to  appoint  a  committee  to  be  specially 
charged  with  getting  up  such  an   exhibition.      So  far   as   relates  to  the 
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Paris  objection  which  Mr.  North  has  raised,  that  we  cannot  have  an  engineer 
1900  there,  or  that  we  may  not  have  an  engineer  there  to  represent  us,  that 
(continued),  certainly  was  a  very  serious  thing  in  1878.  I  do  not  think  it  will  be  a 
serious  thing  in  1900.  I  know  Mr.  Smith.  I  know  what  he  did  in  the 
Chicago  exhibition  in  1893.  Mr.  Smith  was  in  charge  of  the  Department 
of  Transportation  there,  and  there  was  no  department  in  the  exposition  as 
well  handled,  in  my  judgment,  as  Mr.  Smith's  department.  (Applause. ) 
I  feel  that  the  fact  that  Mr.  Smith  is  going  to  be  in  charge  of  this  depart- 
ment of  the  American  exhibit  at  Paris  is  the  best  assurance  we  can  possi- 
bly have  that  engineering  will  be  properly  taken  care  of,  and  I  think  in- 
dividual members  of  this  Society  who  feel  disposed  to  take  any  action  in 
that  way,  can  entrust  their  interests  to  Mr.  Smith  quite  as  well  as  they 
could  to  any  committee  which  the  Society  could  appoint.     (Applause.) 

Robert  Cartwright,  M.  Am.  Soc.  C.E. — There  is  one  feature,  I  think, 
that  my  brother  North  has  neglected,  in  relation  to  having  an  engineer 
there  to  explain  the  exhibit.  I  am  afraid  that  unless  that  engineer  was  a 
polyglot  there  would  be  a  great  many  who  would  be  unable  to  understand 
his  description.  For  instance,  we  might  have  a  Chinaman  come  along  and 
want  to  know  about  something,  and  my  friend  North,  if  he  talked  the 
Chinese  language,  might  explain  it.  Wouldn't  it  be  well  to  keep  that  con- 
sideration in  mind  and  have  brother  North  prepare  himself  and  study 
the  different  languages  so  as  to  go  over  in  that  capacity.     (Laughter.) 

Mr.  North. — When  I  go  to  a  foreign  country  the  language  of  which 
I  do  not  understand,  I  generally  hire  an  interpreter. 

The  President. — Is  there  any  other  business  that  any  other  mem- 
ber would  like  to  present  to  the  Society? 
Legal  Mr.  S.  C.  Thompson. — I  have  a  matter  to  present  to  the  meeting 

Civil         which  you  have  heard  before,  modified  slightly,   but   covering  in  sub- 
Engineers.    s^ance  t^  resolution  presented  a  year  ago : 

In  consideration  of  the  fact,  That  the  engineering  profession  and  the 
people  of  this  country  have  no  legal  protection  against  any  incom- 
petent or  unscrupulous  person  who  chooses  to  advertise  or  sign  himself 
with  the  title  of  Civil  Engineer,  thereby  reflecting  upon  and  injuring  the 
entire  profession;  and 

In  consideration  of  the  fact,  That  it  has  been  found  advantageous  in 
most  States  to  grant  legal  protection  to  members  of  the  legal  and 
medical  professions;  therefore, 

Be  it  resolved,  That  it  is  the  sense  of  this  meeting  (the  Annual  Meet- 
ing of  the  American  Society  of  Civil  Engineers),  that  judicious  legal 
restrictions  against  the  unauthorized  and  improper  use  of  the  title  of 
Civil  Engineer  are  desirable. 

I  would  like  to  say,  in  submitting  this  resolution,  that  I  hope  the 
gentlemen  will  see  what  it  says,  and  not  what  they  think  it  intends  to 
do.  It  does  not  commit  the  Society  to  any  legal  action  or  anything  of 
the  kind,  because  I  fully  appreciate  that  that  is  impossible.  I  have 
made  no  effort  to  spring  this  upon  the  Society  or  to  have  it  come  with- 
out being  expected  by  anybody.     I  have  talked  the   matter  over  with 
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some,  and  I  have  found,  especially  among  the  younger  men,  that  they 
do  not  feel  that  they  have  any  inducement,  in  a  general  way,  to  take 
up  the  profession  and  spend  years  in  preparing  for  it,  and  then  find 
that  anybody,  without  any  jn-eparation  whatever,  has  just  as  good  a 
chance  and  just  as  good  a  legal  right  to  use  that  title.  I  therefore 
present  this  resolution,  and  I  move  that  it  be  adopted. 

The  President.  -I  do  not  hear  that  motion  seconded. 

A  Member. — I  second  the  motion. 

Palmer  C.  Bicketts,  M.  Am.  Soc.  C.  E.  — Mr.  Chairman,  when  this 
motion,  or  a  motion  which  was  practically  its  equivalent,  was  mad<> 
last  year,  one  of  the  Past-Presidents  of  the  Society,  if  I  remember  cor- 
rectly,  Mr.  Morison,  rose  and  said  that  he  was  not  quite  certain  that 
he  had  any  right  to  call  himself  a  civil  engineer.  Now  I  think  that  we 
have  not  yet  got  to  the  time  in  this  country  when  we  can  settle  the 
question  legally.  I  think  it  will  have  to  work  itself  out  for  some  years 
yet.  Of  course,  from  my  position  perhaps  as  a  director  of  a  civil  engi- 
neering school,  I  ought  to  take  the  other  side  of  the  question;  but  my 
common  sense  will  not  permit  it.  I  do  not  think  the  Society  had  better 
mix  itself  up  with  the  question  for  a  while  yet. 

Mr.  Cartwright. — Mr.  President,  who  is  to  confer  the  degree  of 
civil  engineer,  unless  it  comes  from  some  technical  institution  or  some- 
thing of  that  kind?  Now,  I  honestly  confess  that  I  graduated  from 
no  college,  except  the  college  of  adversity,  and  I  contend  that  God 
Almighty  makes  the  engineer.  It  is  not  the  school.  If  the  man  is  an 
engineer  he  will  make  his  mark  himself.  Brother  Morison  says  he  does 
not  know  whether  he  is  entitled  to  use  the  degree  of  civil  engineer. 
He  miglit  just  as  well  take  up  theology,  and  I  don't  know  but  what  he 
would  be  as  good  a  success.  (Laughter. )  I  think  those  things  work  them- 
selves out.     A  man's  work  will  qualify  him  to  be  called  a  civil  engineer. 

Now,  another  point — we  had  this  right  a  year  ago,  if  you  remember 
— there  is  one  thing  that  I  would  like  to  put  right  here  to  this  Annual 
Meeting.  We  want  relief  from  that  more  than  anything  else,  and  that 
is  the  subject  of  acoustics.  My  brother  Morison  being  here  gives  me 
courage  to  speak.  Every  man  who  has  gotten  wp  and  spoken  this 
morning  has  been  invited  to  go  up  to  the  front  that  we  all  could  hear, 
with  the  exception  of  one  or  two.  Mr.  Smith  was  remarkably  distinct. 
I  may  be  growing  deaf.  I  don't  know  but  what  I  ought  to  offer  a 
resolution  that  the  Society  furnish  a  megaphone  that  may  be  used 
by  the  Secretary  or  any  of  the  speakers.  I  am  heartily  in  accord  with 
everything  that  has  been  done.  1  am  with  Mr.  Corthell's  motion.  If 
he  would  only  include  in  all  his  varied  descriptions  of  engineering — if 
he  would  only  include  acoustics,  I  am  with  him.  I  am  with  my  friend 
Mr.  Smith  in  regard  to  the  exhibition,  if  he  would  only  make  a  model 
of  this  room  and  send  it  to  Paris  as  a  specimen  of  a  civil  engineer's 
auditorium.     We  can  do  that  and  make  money   out  of  it.     I  am  per- 
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Legal  sonally  satisfied  that  Mr.  Wanamaker  would  gladly  furnish  us  with 
Civil  '  drapery,  marked  with  mottoes  and  his  own  advertisement  and  do  it 
(conUmied).  gra*is»  so  *na,t  we  can  have  "  Glod  Bless  our  Home,"  "  Engineers,  Love 
one  Another,"  and  mottoes  like  that  before  us.  I  know  that  Wana- 
maker would  furnish  the  material.  For  gracious  sake  let  us  do  some- 
thing to  cure  this  miserable  auditorium,  so  that  persons  can  be  heard. 
I  spoke  on  this  last  year;  so  did  Mr.  Morison.  I  hope  that  a  committee 
will  be  appointed  to  do  something;  either  put  up  draperies  or  arrange 
it  in  some  way  so  that  we  can  be  heard.  I  confess  I  have  heard  very 
little  that  our  President  has  said.  My  hearing  may  have  become  dull; 
but  it  seems  to  me  I  am  no  worse  off  than  a  great  many  of  you. 

The  President. — Any  more  remarks,  gentlemen,  on  this  question? 

Mr.  Morison.  — Mr.  President,  I  move  that  the  matter  be  laid  on 
the  table.     (Seconded.) 

The  President. — It  is  moved  and  seconded  that  the  matter  be  laid 
on  the  table.     Those  in  favor  please  say  aye;  contrary,  no. 

The  motion  was  carried. 
Resolution  Mr.  O'Kourke. — Mr.  Chairman,  I  would  like  to  offer  a  resolution 

^onfmitte™6  *n  regar^  to  the  time  question : 

Resolved:  That  the  Committee  on  Standard  Time  be  requested  tc 
make  a  final  report  to  the  Society  at  the  next  Convention. 

(Seconded.) 

The  President. — You  heard  the  motion,  gentlemen.     I  will  read  it 

Resolved:  That  the  Committee  on  Standard  Time  lie  requested  tc 
make  a  final  report  to  the  Society  at  the  next  Convention.  Is  that 
resolution  seconded? 

Mr.  John  Thomson. — I  second  the  motion,  Mr.  President. 

The  President. — What  is  the  pleasure  of  the  Society  in  regard  tc 
this?  (Question  called  for. )  I  do  not  hear  any  remarks.  I  will  ask  foi 
a  vote  on  this  question.  Those  in  favor  please  say  aye;  contrary,  no. 
The  Chair  cannot  decide  the  vote  from  what  we  have  heard,  and  I  will  ask 
the  members  to  stand.     Those  in  favor  of  the  resolution  please  stand, 

Forty-eight  members  rose. 

The  President. — Those  who  are  not  in  favor  of  the  resolutior 
please  stand. 

Forty-three  members  rose. 

The  President. — The  resolution  is  adopted. 

Mr.  O'RotJRKE. — Do  I  understand  that  the  resolution  is  carried? 

The  President. — It  is  carried;  yes,  sir. 

Any  more  business? 
Proposed  Francis  Comjngwood,  M.  Am.  Soc.  C.  E. — Mr.  President,  I  desir* 

for  Juniors,  to  make  a  few  remarks,  and  then  to  offer  a  resolution.  In  establish 
ing  the  fund  for  the  advancement  of  the  interests  of  the  Society  bj 
trying  to  induce  an  interest  among  the  Juniors  of  the  Society,  ] 
was  really  in  hopes  that  we  would  have  reached  a  result  more  positive 
than  we  have  thus  far.     I  have  watched  with  a  good  deal  of  interesl 
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the  progress  that  has  been  made  in  the  Institution  of  Civil  Engineers 
among  the  Juniors,  or  the  Students,  as  they  arc  there  called,  and  I 
cannot  see  why  we  should  not  have 

A  Member. — We  cannot  hear  a  word. 

The  President. — Please  step  up  this  way,  Mr.  Colliugwood. 

Mr.  Collingwood. — In  reference  to  the  advancement  of  the  Society 
by  getting  some  young  men  to  join  the  Society,  that  was  the  object  I 
had  in  mind  in  establishing  the  Junior  prize,  and  I  confess  that  I  have 
been  disappointed  in  seeing  that  the  result  that  was  aimed  at  has  not 
thus  far  been  reached,  seeing  what  has  been  done  in  the  Institution, 
where  the  Students  have  their  regular  meetings,  and  where  there  are  a 
good  many  very  valuable  papers  presented.  I  cannot  see  why  we  should 
not  reach  the  same  result  here.  We  have  just  as  smart  men,  and  they 
can  do  the  work  if  they  will.  I  believe  it  is  only  necessary  to  get  the 
thing  started  in  order  to  have  a  great  deal  more  done  by  the  Students 
than  we  have  yet  attained.  It  has  seemed  to  me  we  might  do  some- 
thing by  copying — I  do  not  believe  in  copying  usually — by  copying 
what  they  are  doing  there;  that  is,  in  trying  to  get  the  Students,  or,  as 
we  call  them,  Juniors,  to  come  together  by  themselves  and  have  their 
own  meetings.  I  see  no  reason  why  we  should  not  do  that.  They  may 
not  be  Quaker  meetings.  They  could  have  meetings  once  a  month,  or 
once  in  two  months — whenever  may  be  thought  best.  We  know  that  a 
Junior  will  speak  to  a  Junior  when  he  would  not  speak  to  those  who  are 
older.  I  remember  very  well  the  paper  I  first  presented  to  the  Society. 
I  did  not  want  to  present  it.  I  thought  it  was  commonplace,  and  yet 
it  was  all  work  that  I  thought  had  not  been  done  before.  To  my 
astonishment,  the  paper  was  published  abroad,  and  was  the  basis  of 
considerable  comment.  I  believe  there  is  among  the  Juniors  of  the 
Society  a  great  deal  of  original  interest,  if  they  would  only  bring  it 
out;  and  the  object  of  these  meetings,  if  they  are  held,  should  be 
to  get  the  Juniors  to  come  together  and  talk  among  themselves,  and 
occasionally  evolve  a  paper  that  would  be  of  value  to  the  whole  Society. 
I  present  the  matter  in  that  way,  and  I  would  like,  if  the  Society  thinks 
well  of  it,  that  some  action  be  taken  for  meetings  of  the  Juniors  as 
such.     I  make  that  as  my  resolution. 

Mr.  Corthell. — I  second  the  resolution. 

The  President. — Have   you   got  your   resolution  in  writing,    Mr. 
Colliugwood? 

Mr.    Colling  wood   wrote  out  his  resolution  and   handed    it    to  the 
Secretary. 

The  Secretary. — The  resolution  of  Mr.  Collingwood  is  as  follows: 
Resolved,  That  it  be  recommended  to  the  Board  of  Direction  that, 
steps  be  taken   for  holding  meetings  of  the  Juniors  of  the  Society  for 
the  reading  and  discussion  of  papers. 

The  President. — You  have  heard  Mr.  Collingwood's  motion,  which 
has  been  properly   seconded.     Does   anybody  desire  to  speak  on  that 
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motion?  We  might  like  very  much  to  hear  from  some  Junior.  Those 
in  favor  of  Mr.  Collingwood's  motion,  please  say  aye;  contrary,  no. 

The  motion  was  carried. 

The  President.  —  Is  there  any  more  business  before  the  Society 
from  any  of  the  members?  Mr.  Secretary,  if  you  have  an  announce- 
ment to  make,  now  is  the  time. 

invitation         The  Secretary. — I  have  the  following  letter  from  the  President  of 

from  ° 

Engineers"  the  Engineers'  Club  addressed  to  the  Secretary: 

^lub-  "  January  12th,  1899. 

•  •  Mr.  Charles  Warren  Hint. 

"  Secretary,  American  Society  of  Civil  Engineers, 

' '  New  York : 

"  Dear  Sir, — I  have  the  honor  to  invite  the  members  of  the  American 
Society  of  Civil  Engineers  who  may  attend  the  Annual  Meeting  of  the 
Society,  to  visit  the  House  of  The  Engineers'  Club,  374  Fifth  Avenue, 
near  Thirty-fifth  Street. 

'*  Accompanying  this  are  a  quantity  of  signed  cards,  extending  the 
privileges  of  the  Club  for  a  period  of  ten  days  to  such  of  the  members  of 
the  Society  as  may  have  their  names  rilled  in  by  you. 

"  I  would  thank  you  to  also  announce  that  ladies,  accompanied  by 
members  of  the  Club,  or  by  our  guests  with  these  cards,  are  invited  to 
visit  and  make  use  of  the  Club  between  the  hours  of  11  and  3  o'clock. 

"  We  shall  be  glad  to  see  and  welcome  as  many  as  may  find  it  con- 
venient to  call. 

"  Yours  very  truly, 

"  John  Thompson, 

"  President." 

Any  member  of  the  Society  who  will  apply  to  the  Secretary  can 
secure  a  ten-day  card  to  the  Engineers'  Club. 
Prolamine  j  suppose  it  would  be  well.  Mr.  President,  to  announce  something 
meeting,  about  the  programme.  The  first  thing  is  that  immediately  after  the 
adjournment  of  this  meeting  a  lunch  will  be  served  in  the  room  just 
below  this,  and  a  meeting  of  the  Board  of  Direction  of  the  Society 
will  be  held  at  half-past  fourteen.  (Laughter.)  The  two  excursions 
which  have  been  arranged  for  this  afternoon,  one  to  the  New  East 
River  Bridge,  and  one  to  the  docks,  piers  and  bulkhead  wall  will  start 
immediately  after  lunch.  I  presume  that  they  will  leave  about  14.15. 
The  excursion  to  the  New  East  River  Bridge  will,  at  all  events,  leave 
at  that  time  and  will  take  the  Fifty-ninth  Street  cross-town  cars.  Ii 
all  members  who  desire  to  make  this  trip  will  communicate  with  the 
Secretary  immediately  after  the  adjournment  of  this  meeting,  or  with 
Mr.  E.  G.  Freeman  of  the  Committee,  it  is  probable  that  special  cars 
can  be  arranged  for,  so  that  the  party  will  not  have  to  split  up;  bul 
we  will  have  to  know  how  many  people  will  go,  and  whether  they  will 
go  promptly  at  the  hour  specified,  in  order  to  secure  those  cars. 

Mr.  Desmond  FitzGerald. — May  I  ask  a  question?  What  time  will 
that  excursion  return? 

The  Secretary. — What  time  do  you  think  we  will  get  through 
Mr.  Freeman? 
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Mr.  E.  G.  Freeman. — About  half -past  four. 

A  Member. — Half-past  sixteen. 

Mr.  FitzGerald. — "Will  it  be  possible  for  any  member  who  wishes 
to  see  that  interesting  work  to  be  able  to  go  there  after  half-past — 
what  is  it — sixteen? 

Mr.  Freeman. — They  can  come  at  any  time.  It  is  only  that  it  will 
be  more  convenient  for  those  going  this  afternoon  if  they  could  go 
together.  But  at  any  time  if  they  care  to  go  down  I  am  sure  the  en- 
gineers will  be  glad  to  extend  all  the  courtesy  possible. 

Mr.  FitzGeraij). — How  long  will  it  take  to  go  down  there? 

Mr.  Freeman. — -It  will  take  three-quarters  of  an  hour  from  here. 

Mr.  FitzGeraed. — And  you  will  be  there  probably  until  after  four 
o'clock? 

Mr.  Freeman. — Yes. 

The  Secretary. — Mr.  Chandler  Davis,  Assoc.  Iff.  Am.  Soc.  C.  E., 
will  have  charge  of  the  other  excursion  to  the  docks,  and  should  be 
notified  by  members  who  intend  to  go. 

At  21  o'clock  this  evening  there  will  be  a  social  meeting  at  this 
house.  The  programme  is  all  printed  and  has  not  been  changed. 
Tickets  for  this  reception  can  be  obtained  from  one  of  the  Secretary's 
assistants,  Mr.  Burke,  by  those  who  have  not  secured  them.  Tickets 
will  also  be  required  on  the  steamer  excursion  to-morrow,  and  can  be 
secured  at  the  same  place.  The  only  change  in  the  programme  for 
the  excursion  to-morrow,  so  far  as  1  know,  is  the  substitution  of  another 
steamer  for  the  Laura  M.  Star  in.  The  Valley  Girl  is  the  boat  we  will  take. 

At  20.30  o'clock  to-morrow,  Thursday,  at  the  house,  Mr.  E.  Weg- 
mann,  M.  Am.  Soc.  C.  E. ,  will  deliver  a  lecture  on  "  The  Old  Roman 
Aqueducts,"  and  after  this  lecture,  which  will  be  illustrated  by  stere- 
opticon  views,  there  will  be  a  "smoker." 

For  the  excursion  on  Friday  to  the  new  Croton  dam,  no  tickets  will 
be  required.  There  will  be  two  special  cars  attached  to  the  10.45  train 
on  the  New  York  Central  and  Hudson  River  Railroad  from  the  Grand 
Central  Station,  and  if  the  members  will  present  themselves  in  time  to 
catch  that  train  they  will  not  have  to  procure  tickets  from  anybody. 
They  should  notify  the  Secretary's  assistant  of  their  intention  to  go,  be- 
cause Messrs.  Coleman,  Breuchaud  <Sc  Coleman  have  to  prepare  to  take 
care  of  the  proper  number,  both  on  the  train  and  at  the  works,  and  it  is 
an  all-day  excursion;  so  anybody  who  intends  to  go  should  notify  us  as 
soon  as  possible.     I  think  that  is  all  I  have  to  say  on  the  programme. 

I  am  requested  by  a  member  of  the  Institution  of  Civil  Engineers 
to  say  that  it  is  desirable  that  a  conference  of  the  Members  of  the  In- 
stitution who  happen  to  be  present  at  this  meeting  be  had,  and  that 
that  meeting  will  be  called  directly  after  the  adjournment  of  this 
meeting  in  the  office  of  the  Secretary.  He  desires  me  further  to  state 
that  it  will  only  take  a  few  moments  to  transact  what  business  would  be 
brought  before  them.      Mr.  Corthell  has  asked  me  to  call  the  meeting. 
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The  President  asks  me  again  to  announce  that  the  meeting  of  the 
Board  of  Direction  of  the  Society  will  be  held  at  14.30  o'clock  in  the 
Secretary's  office. 

I  have  to  announce  the  following  deaths: 
Announcement        Samued  Kii/lebrew,    elected  Member,    September   2d,    1885;    died 

*]£$&?    JanuaiT  9th,  1899. 

James  Duane,  elected  Member,  March  2d,  1892;  died  January  12th, 
1899. 

I  might  also  announce  that  the  next  Annual  Convention  of  the 
Society  will  be  held  June  27th  to  30th,  1899,  at  the  Stockton  Hotel, 
Cape  May,  N.  J. 
Report  of        Mr.  President,  that  is  all  1  have,  except  the  report  of  the  tellers. 

Tollers 

The  President.  —  You  will  please  read  the  report  of  the  tellers. 

The  Secretary  read  the  report  of  the  tellers.* 

The  President.  — You  have  heard  the  report.     I  now  declare  that 
the  members  whose  names  you  have  heard  are  elected  to  the  various 
offices  for  which  they  have  been  respectively  named. 
President         Before  leaving  this  chair,  gentlemen,  I  only  want  to  say  two  words 
^akesthe   — *o  thank  you  for  the  uniform  courtesy  and  kindness  you  have  shown 
chair.       me  during  the  last  year,  and  it  now  becomes  my  pleasant  duty  to  in- 
troduce to  you  the  new  President,  Mr.  Desmond  FitzGerald,  of  Boston. 
(Applause. ) 

Mr.  Desmond  FitzGerald.  —  Gentlemen,  I  do  not  know  what  is  ex- 
pected of  me  on  this  occasion.  I  certainly  did  not  know  that  any 
remarks  were  in  order.  But  1  do  want  to  thank  you  for  the  great 
honor  conferred  upon  me  by  your  votes  to-day.  When  I  was  told 
that  my  name  was  to  be  used  by  the  Nominating  Committee  I  must 
say  that  I  began  to  look  around  to  find  some  basis  for  so  great  an 
honor,  and  the  more  I  seemed  to  grope  around,  the  less  I  seemed  to  find. 
A  strange  thing  happened,  however,  in  the  course  of  a  few  days.  An- 
other wire  informed  me  that  my  youngest  daughter  had  added  the  third 
generation  to  our  family.  (Applause. )  It  was  a  twelve-pounder,  and 
then  I  began  to  feel  a  little  consolation,  having  at  last  found  some  foun- 
dation for  aspiring  to  an  office  of  this  dazzling  height.  But  seriously, 
gentlemen,  I  believe  that  this  is  one  of  the  greatest  honors  in  the  gift  of 
the  American  people,  because  I  believe,  first,  that  this  Society  is  neces- 
sarily the  greatest  society  of  engineers  in  this  country,  and  then  that  it 
represents  what,  if  not  already  the  greatest  profession  in  the  world, 
is  fast  gaining  the  top  of  the  ladder.  There  are  many  indications  of 
this  movement  in  these  times.  I  must  confess  for  one  that  I  never 
look  upon  the  work  of  my  brother  engineers,  particularly  in  other 
specialties  than  my  own,  without  wondering  at  the  patience,  intelli- 
gence and  audacity  that  are  brought  to  bear  upon  the  solution  of 
the  great  engineering  problems  of  the  day.     You  will  find  these  quali- 

*  See  P)-oceedings,  Vol.  xxv,  p.  5. 
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ties  shown  in  every  branch  of  the  profession.  We  cannot  examine  the 
magnificent  work  of  our  bridge  engineers  without  wondering  at  the 
quiet  but  remarkable  progress  they  are  making  in  their  recent  under- 
takings. The  same  may  be  said  in  regard  to  all  forms  of  sanitary 
science,  sewerage,  water  supply,  and  other  municipal  work.  Then  we 
have  advances  in  river  and  harbor  works  and  magnificent  strides  in  the 
designs  of  mechanical  and  electrical  engineers  in  all  the  different 
ramifications  of  those  important  branches  of  the  profession.  Aside 
from  the  work  of  the  engineer  in  active  practice,  we  must  admire  the 
silent  but  effective  work  of  the  professors  and  other  teachers  in  our 
colleges  and  technical  schools,  who  are  doing  so  much  to  improve  the 
profession  in  the  preparation  of  those  who  are  to  succeed  us. 

But,  gentlemen,  I  do  not  think  that  any  extended  remarks  are  ex- 
pected on  this  occasion,  One  thing  has  pleased  me  very  much  as  I 
have  been  sitting  here  to-day,  and  that  is,  to  find  that  so  much  thought 
has  already  been  given  to  the  Exposition  of  1900.  I  have  been  think- 
ing a  good  deal  about  this  coming  event,  and  I  believe  that  I  express 
the  hope  of  many  members  of  the  Society  when  I  say  that  I  trust  we 
shall  have  a  steamer  of  our  own  in  1900  to  take  over  a  large  delegation  of 
engineers  to  this  exhibition,  and  I  do  not  doubt  that  it  will  be  a  larger 
representation  than  that  which  visited  the  last  exposition.  It  is  not  too 
early  to  begin  now  the  work  of  preparation,  and  with  your  help  I  intend 
to  take  the  necessary  steps  to  bring  this  about.  The  Society  owes  a 
debt  of  gratitude  to  Mr.  Corthell  for  his  interesting  and  valuable  work 
which  he  has  pursued  so  steadily  against  every  adverse  wind.  (Ap- 
plause. )  I  believe  that  the  seed  which  he  has  planted  will  bring  forth 
abundant  fruit.  It  is  gratifying  to  find  that  the  direction  of  the  ex- 
hibits proposed  for  the  exposition  are  in  such  good  hands. 

One  word  more,  gentlemen.  This  is  comparatively  a  young  society; 
at  least,  when  you  look  across  the  borders  of  Massachusetts  and  con- 
sider the  age  of  the  Boston  Society  of  Civil  Engineers.  Recently  that 
society  held  in  Boston  its  fiftieth  anniversary,  and  a  most  enjoyable 
occasion  it  was.  One  of  the  interesting  features  was  the  presence  on 
the  platform  of  one  of  the  original  founders  of  the  society.  The  whole 
tendency  of  the  meeting  was  toward  a  long  look  into  the  past,  and  we 
can  hardly  do  this  without  realizing  that  our  proud  position  to-day  as 
a  profession  is  largely  due  to  the  splendid  work  of  those  who  for  so 
many  years,  against  every  discouragement,  prepared  the  work  for  us.  I 
trust  that  when  this  Society  celebrates  its  semi-centennial,  it  will  be  as 
interesting  an  occasion  as  the  recent  one  in  Boston,  but  I  know  you 
are  looking  toward  the  lunch  room  and  the  excursions  to  follow,  and  I 
will  not  detain  you  longer.     (Applause.) 

As  there  is  no  more  business,  gentlemen,  a  motion  to  adjourn  is  in 
order. 

On  motion,  the  meeting  adjourned. 
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EXCURSIONS  AND  ENTERTAINMENTS    AT   THE  FORTY -SIXTH 
ANNUAL  MEETING. 

Wednesday,  January  1 8th,  1899. — After  the  Business  Meeting, 
lunch  was  served  at  13.30  o'clock  in  the  Lounging  Room,  after  which 
most  of  those  present  joined  one  of  the  two  excursions  to  points  of  in- 
terest. Large  parties  were  taken  to  the  following  places :  To  the  New 
East  River  Bridge,  under  the  guidance  of  E.  G.  Freeman,  M.  Am.  Soc.  C. 
E.,  and  Edwin  Duryea,  Jr.,  M.  Am.  Soc.  C.  E. ;  and  to  the  docks,  piers 
and  bulkhead  wall  of  the  Department  of  Docks  and  Ferries,  under  the 
guidance  of  Chandler  Davis,  Assoc.  M.  Am.  Soc.  C.  E. 

At  21  o'clock  an  Assembly  was  held  in  the  Society  House,  which 
was  largely  attended. 

Thursday,  January  19th,  1899. — The  day  was  devoted  to  an  excur- 
sion on  the  steamer  Valley  Girl.  The  boat  left  the  pier  at  the  foot  of 
West  Fifty-seventh  Street,  at  10.30  o'clock,  and  after  calling  at  the 
pier  of  the  Albany  Day  Line,  foot  of  West  Twenty-second  Street,  pro- 
ceeded down  the  river  and  through  New  York  Bay  and  the  Kill  von 
Kull  to  Elizabethport,  N.  J.,  where,  by  invitation  of  Lewis  Nixon, 
President,  the  works  of  the  Crescent  Ship-Yard  were  inspected. 

Lunch  was  served  on  board,  on  the  return  trip,  and  a  stop  was 
made  at  the  Brooklyn  Navy  Yard,  where  by  kind  permission  of  Com- 
modore J.  W.  Philip,  U.  S.  N.,  Commandant,  the  Indiana,  Massachusetts 
and  other  ships  were  visited.  Facilities  for  the  inspection  of  all  points 
of  interest  in  the  Navy  Yard  were  afforded,  through  the  courtesy  of 
Naval  Constructor  Francis  T.  Bowles,  U.  S.  N.,  and  Civil  Engineer  P. 
C.  Asserson,  U.  S.  N.,  M.  Am.  Soc.  C.  E. 

A  final  landing  was  made  at  the  Recreation  Pier,  foot  of  East 
Twenty-fourth  Street,  Manhattan,  where  the  party  disbanded.  The 
party  numbered  about  300  members  and  guests. 

At  20.30  o'clock,  E.  Wegmann,  M.  Am.  Soc.  C.  E.,  delivered  a  lec- 
ture on  "The  Old  Roman  Aqueducts. "  The  lecture  was  illustrated 
with  stereopticon  views. 

After  the  lecture  there  was  an  informal  "  Smoker"  which  was  en- 
joyed by  about  170  members  and  guests. 

Friday,  January  20th,  1899. — By  invitation  of  Messrs.  Coleman, 
Breuchaud  and  Coleman,  a  party  of  about  150  members  and  guests 
visited  the  New  Croton  Dam.  The  party  left  the  Grand  Central  Sta- 
tion in  special  cars  attached  to  the  regular  train  of  the  New  York 
Central  and  Hudson  River  Railroad,  leaving  at  10.45  o'clock.  At 
Croton  Landing  conveyances  were  provided  for  the  drive  of  2J  miles 
to  the  Dam.     Lunch  was  served  in  the  office  of  the  contractors. 

Every  facility  was  afforded  for  the  inspection  of  the  work  in  pro- 
gress. The  party  returned  to  New  York  by  the  same  route  and  arrived 
at  18  o'clock. 
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The  names  of  316  members,  of  various  grades,  in  attendance  at  the 
Annual  Meeting,  excursions  and  Assembly,  are  given  below.  The  list 
is,  however,  incomplete  on  account  of  the  failure  of  a  number  of  mem- 
bers to  register,  and  does  not  include  any  of  the  guests  of  the  Society 
or  of  individual  members. 


Allen,  Calvin  H. . .  .New  York  City 
Amweg,  F.  J. .  .  Philadelphia,  Pa. 
Andrews,  Horace  .  .Albany,  N.  Y. 
Auchincloss,  W.  S . .  Summit,  N.  J. 
Ay crigg,  William  A .  New  York  City 
Aylett,  Philip New  York  City 

Bacon,  John  W..Danbury,  Conn. 
Bailey,  George  I. . .  .Albany,  N.  Y. 
Baldwin,  Fred  H  Bayonne,  N.  J. 
Barnes,  William  T . .  Boston,  Mass. 
Barnsley,  George  T  Bethayres,  Pa. 
Bates,  Charles,  J .  Highwood,  N.  J. 

Bauer,  J.  L New  York  City 

Belden,  Edgar  T Nazareth,  Pa. 

Belknap,  W.  E . . .  .New  York  City 
Belzner,  Theodore .  New  York  City 

Bensel,  J.  A New  York  City 

Berger,  Bernt  ...  .New  York  City 
Bettes,  C.  R.Far  Eockaway,  N.  Y. 

Betts,  F.  K   Valhalla,  N.  Y. 

Bigelow,  W.  D  . .  .New  York  City 
Bishop,  George  H. 

Middletown,  Conn. 
BisseD,  H. .  .West  Medford,  Mass. 
Blakeslee,  Clarence 

New  Haven,  Conn. 
Boecklin,  Werner,  Jr. 

New  York  City 

Bogue,  V.  G New  York  City 

Boiler,  A.  P  New  York  City 

Brackenridge,  J.  C.Brooklyn,  N.Y. 

Bradley,  C.  W New  York  City 

Bradley,  W.  H Boston,  Mass. 

Breithaupt,  W.  H.  .New  York  City 
Briggs,  Josiah  A.  New  York  City 
Brinckerhoff,  A.  G.New  York  City 
Brinckerhoff,  H.  W. .  New  York  City 
Brown,  Thomas  E. 

New  York  Citv 


Brown,  LeGrand . Rochester,  N.Y. 

Brown,  W.  P New  York  City 

Breuchaud,  J Yonkers,  N.  Y. 

Buck,  L.   L  New  York  City 

Buck,  R.  S   Niagara,  N.  Y. 

Burdett,  F.  A. . .  .Brooklyn,  N.  Y. 
Bush,  H.  D Springfield,  Mass. 

Carll,  D.  S. . .  .Washington,  D.  C. 
Carney,  Edward  J. New  York  City 
Carr,  Albert . . .  .East  Orange,  N.  J. 

Cartwright,  R Rochester,  N.  Y. 

Cattell, W.A.Richmond  Hill,  N.  Y. 

Chase,  R.  D Brooklyn,  N.  Y. 

Chester,  J.  N Brooklyn,  N.  Y. 

Christian,  G.  L New  York  City 

Christy,  George  L.New  York  City 
Clapp,  L.  Russell 

Hempstead,  N.  Y. 

Clapp,  O.  F Providence,  R.  I. 

Clark,  L.  V.  Jr.  .Philadelphia,  Pa. 

Clarke,  T.  C New  York  City 

Coffin,  Amory New  York  City 

Coffin,  Freeman  C  . .  Boston,  Mass. 
Cogswell,  W.  B . . .  Syracuse,  N.  Y. 

Colby,  S.  K New  York  City 

Cole,  Howard New  York  City 

Collingwood,  F. .  .Elizabeth,  N.  J. 
Cooper,  Theodore.. New  York  City 

Cornell,  G.  B New  York  City 

Corthell,  E.  L New  York  City 

Coverdale,  W.  H. .  .Pittsburg,  Pa. 
Craven,  Alfred .  Kingsbridge,  N.  Y. 
Creuzbaur,  R.  Walter 

New  York  City 

Crowell,  Foster New  York  City 

Curtis,  F.  S....New  Haven,  Conn. 

Davis,   Charles Allegheny,  Pa. 

Davis,  Chandler. .  .New  York  City 
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Davis,  J.  P New  York  City 

Davis,  J.  Woodbridge 

New  York  City 
Davis,  Eobert  B . .  Brooklyn,  N.  Y. 
Dawley,  Edwin  P. 

Providence,  R.  I. 

Dean,  Luther Taunton,  Mass. 

Deans,  J.  Sterling 

Phoenixville,  Pa. 

Devin,  George Chicago,  111. 

Deyo,  S.  L.  F New  York  City 

Dodge,  R.  D Brooklyn,  N.  Y. 

Dunham,  H.  F .  .  .  .  New  York  City 
Duryea,  Edwin,  Jr. 

Brooklyn,  N.  Y. 

Ellis,  John  W . .  Woonsocket,  R.  I. 
Erlandsen,  Oscar ..  Jamaica,  N.  Y. 
Evans,  M.  E New  York  City 

Farley,  John  M. 

White  Plains,  N.  Y. 

Farnum,  H.  H New  York  City 

Farrington,  H. 

Croton-on-Hudson,  N.  Y. 

Fehr,  H.  R Easton,  Pa. 

Ferris,  F.  E .  .  .  .  Jersey  City,  N.  J. 
Field,  William  P.  ..Newark,  N.  J. 

Fisher,  F.  D Brooklyn,  N.  Y. 

FitzGerald,  Desmond 

Boston,  Mass. 

Fouquet,  J.  D New  York  City 

Francis,  Henry  N.Providence,  R.I. 
Freeman,  E.  G.  . .  .New  York  City 
Freeman,  John  R. 

Providence,  R.  I. 
French,  Alexis  H. 

Brookline,  Mass. 
Frick,  Walter ....  Carbondale,  Pa. 

Fteley,  A New  York  City 

Fuertes,  J.  H New  York  City 

Gahagan,  W.  H. .  .New  York  City 
Gartensteig,  Charles 

New  York  City 


Gay,  Martin New  York  City 

Geddes,  J.  K Zanesville,  O. 

Giles,  Robert New  York  City 

Goodnough,  X.  H.  .Boston,  Mass. 
Goodrich,  W.  F.  .  .  .Boston,  Mass. 

Gormly,  W.  B New  York  City 

Go  wen,  Charles  S. 

Sing  Sing,  N.  Y. 

Graham,  C.  H New  York  City 

Grant,  T.  H Red  Bank,  N.  J. 

Graves,  Edwin  D.Hartford,  Conn. 

Gray,  William New  York  City 

Gregory,  C   E New  York  City 

Greeu,  Howard  B.  .Buffalo,  N.  Y. 
Greene,  G.  S.,  Jr.. New  York  City 
Greene,  Robert  M. 

East  Orange,  N.  J. 

Haight,  S.  S New  York  City 

Haines,  H.  S New  York  City 

Haines,  C.  W Puebla,  Mex. 

Hankinson,  A.  W.  .New  York  City 
Hansel,  Charles  —  New  York  City 
Harding,  W.  S.  .Philadelphia,  Pa. 

Harris,  C.  M New  York  City 

Haskins,  William  J. 

New  York  City 
Hattou  T.  Chalkley 

Wilmington,  Del. 

Haven,  W.  A Buffalo,  N.  Y. 

Hayes,  H.  W Fitchburg,  Mass. 

Hazen,  Allen New  York  City 

Hemming,  D.  W.  .New  York  City 
Herbert,  H.  M. 

Bound  Brook,  N.  J. 
Hering,  Rudolph .  .  New  York  City 
Herschel,  Clemens .  New  York  City 

Hickok,  H.  A Newark,  N.  J. 

Hill,  George New  York  City 

Hill,  W.  R Syracuse,  N.  Y. 

Hills,  F.  L Wilmington,  Del. 

Hoag,  S.  W.,  Jr. .  .New  York  City 
Hodgdon,  F.  W. . .  .Boston,  Mass. 
Horton,  Thomas  O .  New  York  City 
Howe,  E.  W Boston,  Mass. 
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Hoxie,  R.  L.  . .  Washington,  D.  C. 

Hoyt,  J.  T.  N New  York  City 

Hoyt,  W.  E Rochester,  N.  Y. 

Humphrey,  Richard  L. 

Philadelphia,  Pa. 
Hunt,  Charles  Warren 

New  York  City 
Hutton,  W.  R New  York  City 

Ingersoll,  C.  M.,  Jr. Boston, Mass. 
Irving,  Walter  E.  .New  York  City 
Ives,  Arthur  S. .  ..Brooklyn,  N.  Y. 

Johnson,  W.  C. 

Niagara  Falls,  N.  Y. 
Just,  George  A.  . .  .New  York  City 

Kastl,  Alex.  E Clinton,  Mass. 

Kelley,  W.  D . . . . .  .New  York  City 

Kelly,  C.  W.  . .  .New  Haven,  Conn. 

Kkuen,  Richard,  Jr.  Pencoyd,  Pa. 
Kimball,  George  A.Boston,  Mass. 

King,  Paul  S New  York  City 

Knap,  J.  M New  York  City 

Knapp,  Louis  H.  .  ..Buffalo,  N.  Y. 
Knowles,  Morris. .  .Pittsburg,  Pa. 

Lawton,  William  H .  Newport,  R.  I. 
Leavitt,  Charles  W.,  Jr. 

New  York  City 
Leffingwell,  F.  D . .  New  York  City 
Leisen,  Theodore  A. 

Wilmington,  Del. 
Leonard,  H.  R . .  Philadelphia,  Pa. 
Lesley,  R.  W . .  .  Philadelphia,  Pa. 

Lewinson,  M New  York  City 

Lewis,  N.  P Brooklyn,  N.  Y. 

Lieb,  J.  W.,  Jr. . .  .New  York  City 

Lindenthal,  D New  York  City 

Lindenthal,  G New  York  City 

Linton,  Harvey Altoona,  Pa. 

Locke,  F.  B.  .North  Adams,  Mass. 
Long,  Thomas  J.  ..New  York  City 
Looker,  H.  B.  .Washington,  D.  C. 
Loomis,  Horace . .  .  New  York  City 


Low,  George  E .  Maplewood,  N.  J. 

Lowinson,  O New  York  City 

Lundie,  John Chicago,  HI. 

MacGregor,  R.  A.  .New  York  City 
McCann,  Thomas  H. 

Hoboken,  N.  J. 
McKenzie,  T.  H. 

Southington,  Conn. 
McKirn,  Alex.  Rice 

New  York  City 

McMinn,  T.  J New  York  City 

Macdonald,  Charles 

New  York  City 
Maclay,  W.  W. . .  .New  York  City 

Marstrand,  O.  J New  York  City 

Martin,  C.  C Brooklyn,  N.  Y. 

Martin,  Kingsley  L. 

New  York  City 

Martin,  W.  B Newark,  N.  J. 

Mayer,  Joseph ....  New  York  City 
Melvin,  D.  N .  Linoleumville,  N.  Y. 
Merriman,  Mansfield 

South  Bethlehem,  Pa. 
Meyer,  Henry  C . . .  New  York  City 
Meyer,  Henry  C,  Jr. 

New  York  City 
Miller,  A.  M.  .  .Washington,  D.  C. 

Miller,  H.  A Clinton,  Mass. 

Miller,  Rudolph  P .  New  York  City 

Montony,  L.  G New  York  City 

Moore,  W.  H.  .New  Haven,  Conn. 
Morison,  George  S. 

New  York  City. 
Morse,  C.  A.  .Fort  Madison,  Iowa. 

Myers,  C.  H New  York  City 

Myers,  John  H.,  Jr. 

Brooklyn,  N.  Y. 

Neumeyer,  R.  E.  .Bethlehem,  Pa. 
Nichols,  C.  H.  .New  Haven,  Conn. 

Nichols,  O.  F Brooklyn,  N.  Y. 

North,  Edward  P.  .New  York  City 

Olney,  L.  F New  York  City 
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Opdyke,  Stacy  B.,  Jr. 

Philadelphia,  Pa 

O'Rourke,  J.  F New  York  City 

Owen,  James Newark,  N.  J. 

Parker,  A.  McC.  .  ..New  York  City 
Parsons,  H.  de  B.  New  York  City 
Pascbke,  Theodore 

Saugerties,  N.  Y. 
Pegram,  George  H. New  York  City 

Perkins,  P.  S Boston,  Mass. 

Peterson,  P.  Alex.  .  Montreal,  Que. 

Pierce,  W.  T Boston,  Mass. 

Plympton,  George  W. 

Brooklyn,  N.  Y. 

Porter,  J.  M Easton,  Pa. 

Prichard,  H.  S Trenton,  N.  J. 

Prout,  H.  G New  York  City 

Pruyn,  F.  L.    New  York  City 

Rafter,  George  W. 

Rochester,  N.  Y. 
Ransome,  Ernest  L  New  York  City 
Raymond,  William  G..Troy,  N.  Y. 
Reece,  Benjamin 

Philadelphia,  Pa. 

Rice,  George  S Boston,  Mass. 

Richardson,  C New  York  City 

Richardson,  S.  F..  Clinton,  Mass. 

Ricketts,  Palmer  C Troy,  N.  Y. 

Ridgway,  R New  York  City 

Robinson,  A.  W. 

South  Milwaukee,  "Wis. 
Rogge,  J.  C.  L  .  . . .  New  York  City 
Rood,  H.  M  Mount  Vernon,  N.  Y. 
Rosenberg,  F  .    ...  New  York  City 

Rotch,  William Boston,  Mass. 

Rousseau,  H.  H  Troy,  N.  Y. 

Rowell,  George  F.Brooklyn,  N.  Y. 
Rowland,  Thomas  F.,  Jr. 

Brooklyn,  N.  Y. 
Ruddle,  John..Mauch  Chunk,  Pa. 

Schneider,  C.  C Pencoyd,  Pa. 

Scott,  A.  M.  ..  Charleston,  W.  Va. 


Seaman,  Henry  B.  .New  York.  City 

See,  Horace New  York  City 

Sherrerd,  M.  R Newark,  N.  J. 

Shirreffs,  R Boston,  Mass. 

Sibert,  William  L. 

Willetspoint,  N.  Y. 
Simpson,  George  F .  New  York  City 
Skinner,  Frank  W.. New  York  City 

Smith,  Eugene  R Islip,  N.  Y. 

Smith,  J.  Waldo  .  .Paterson,  N.  J. 
Smith,  Oberlin  . .  Bridgeton,  N.  J. 
Smith,  Wilson  Fitch 

New  York  City 

Stearns,  F.  P Boston,  Mass. 

Stern,  Eugene  W.  .New  York  City 
Stevens,  Alexander.  New  York  City 
Stewart,  J.  M    ....  New  York  City 

Stowe,  H.  C New  York  City 

Strachan,  Joseph  .Brooklyn,  N.  Y. 
Strobel,  C.  L Chicago,  111. 

Taber,  George  A .  . .  New  York  City 
Taylor,  Lucian  A.  ..Boston,  Mass. 
Taylor,  W.  J.. Bound  Brook,  N.  J. 
Temple,  W.  H.  G. 

Providence,  R.  I. 
Thacher,  Edwin  ..  .Paterson,  N.  J. 
Thayer,  J.  W . . . .  Scarsdale,  N.  Y. 

Theban,  J.  G  New  York  City 

Thompson,  S.  C.  .  .New  York  City 
Thomson,  G.  H.  ...New  York  City 
Thomson.  John.  .  .New  York  City. 
Tillson,  George  W.Brooklyn,  N.  Y. 

Tomkins,  C   New  York  City 

Tompkins,  E.  deV. New  York  City 
Tompson,  G.  M.  .Wakefield,  Mass. 
Towle,  Stevenson  .  .New  York  City 
Trautwine,  John  C,  Jr. 

Philadelphia,  Pa. 
Tread  well,  Lee. .  .  .New  York  City 

Tribus,  L.  L   New  York  City 

Triest,  W.  G New  York  City 

Trotter.  A.  W New  York  City 

Turner,  E.  K    Boston,  Mass. 

Tuttle,  A.  S   Brooklyn.  N.  Y. 
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Ulrich,  D New  York  City 

Van  Winkle,  E.  B..New  York  City 

Vedeler,  G.  H New  York  City 

Viele,  M.  A Wyncote,  Pa. 

Vorce,  C.  B Hartford,  Conn. 

Wagner,  S.  T. .  .Philadelphia,  Pa. 

Walker,  C.  I New  York  City 

Ward,  CD New  York  City 

Ward,  C.  E New  York  City 

Ward,  J.  F New  York  City 

Ward,  L.  B Jersey  City,  N.  J. 

Washington,  W.  DeEL 

New  York  City 
Watkins,  F.  W. 

Mount  Kisco,  N.  Y, 
Webster,  A.  L New  York  City 


Webster,  G.  S.  .Philadelphia,  Pa. 

Wegmann,  E Katonah,  N.  Y. 

Wells,  Joseph  A. .  .New  York  City 

Welton,  B.  F New  York  City 

Wheeler,  H.  K.  .Philadelphia,  Pa. 

Whinery ,  S New  York  City 

White,  H.  F  New  York  City 

Whitney,  Frank  O.. Boston,  Mass. 

Wilcox,*  F.  E New  York  City 

Wiley,  William  H..New  York  City 

Wilgus,  W.  J New  York  City 

Wilson,  C.  W.  S. 

New  Eochelle,  N.  Y. 
Wisner,  George  Y.. Detroit,  Mich. 

Wood,  H.  B Boston,  Mass. 

Wright,  J.  Bodine.New  York  City 

York,  H.  W New  York  City 


62  MINUTES   OF   MEETINGS.  [Society 

MINUTES  OF  MEETINGS. 


OF  THE   SOCIETY. 


February  ist,  1899 — The  meeting  was  called  to  order  at  20.30 
o'clock;  James  Owen,  Director,  in  the  chair;  Charles  Warren  Hunt, 
Secretary,  and  present,  also,  56  members  and  13  visitors. 

The  minutes  of  the  meeting  of  January  18th,  1899,  as  printed  in 
Proceedings  for  January,  1899,  were  accepted,  and  the  following  cor- 
rection ordered  to  be  made:  On  page  4,  the  first  paragraph,  reading 
"  E.  L.  Corthell,  M.  Am.  Soc.  C.  E.,  addressed  the  meeting  on  the 
'  Establishment  of  an  International  Institute  of  Engineers,'"  should 
read  "E.  L.  Corthell,  M.  Am.  Soc.  C.  E.,  addressed  the  meeting  on 
the  'Establishment  of  an  International  Congress  of  Engineering.'" 
A  similar  correction  should  be  applied  to  the  third  paragraph  on  the 
same  page. 

A  paper  by  John  W.  Hill,  M.  Am.  Soc.  C.  E.,  entitled  "The  Ac- 
curacy and  Durability  of  Water  Meters,"  was  presented  by  the  Secre- 
tary, who  also  presented  written  communications  on  the  subject  from 
Messrs.  James  H.  Harlow  and  W.  C.  Hawley. 

The  paper  was  discussed  orally  by  Messrs.  John  Thomson,  J. 
Waldo  Smith  and  Clemens  Herschel,  and  illustrated  with  stereopticon 
views. 

Ballots  were  canvassed  and  the  following  candidates  declared 
elected. 

As  Members. 

John  Charles  Churchill,  Jr. ,  Oswego,  N.  Y. 
Thomas  Amory  Coffin,  New  York  City. 
George  William  Frank,  New  York  City. 
Edward  Macaulay  Hartrick,  Galveston,  Tex. 
George  Hill,  New  York  City. 
Frank  McMillan  Stanton,  Atlantic  Mine,  Mich. 
Ellis  Dunn  Thompson,  Philadelphia,  Pa. 

As  Associate  Members. 

Frederic  William  Andros,  Chihuahua,  Mex. 
Edward  James  Beugler,  Bridgeport,  Conn. 
Clinton  Sumner  Burns,  Kansas  City,  Mo. 
Theodore  Lincoln  Condron,  Chicago,  111. 
John  Thompson  Eastwood,  New  Orleans,  La. 
Thomas  J.  Foster,  New  York  City. 
George  Rockwell  Putnam,  Washington,  D.  C. 
Nicholas  Doremus  Wortendyke,  Jersey  City,  N.  J. 
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The  Secretary  announced  the  election  by  the  Board  of  Direction  on 
January  31st,  1899,  of  the  following  candidates: 

As  Associates. 

Clarence  Marvin  Foster,  Chicago,  111. 
Lawrence  Cowle  Phipps,  Pittsburg,  Pa. 

As  Juniors, 

George  Corrie  Bartram,  Boston,  Mass. 
Frederick  Edwards,  Hudson,  N.  Y. 
James  Peter  Whiskeman,  New  York  City. 

The  Secretary  announced  the  death  of  the  following  members: 
Winthrop  Bartlett,  elected  Member,  January  2d,  1889;  died  January 
16th,  1899.  George  Sears  Greene,  elected  Member,  November  5th, 
1852;  Honorary  Member,  October  26th,  1888;  President  from  Novem- 
ber 3d,  1875,  to  November  7th,  1877;  died  January  28th,  1899. 

The  Secretary  announced  that  a  special  meeting  would  be  held  at 
20.30  o'clock  on  Friday,  February  10th,  1899,  for  an  informal  discus- 
sion on  "  Dry-Docks — Stone  vs.  Wood.  " 

Adjourned. 

February  ioth,  1899.  Special  Meeting. — The  meeting  was  called 
to  order  at  20.45  o'clock,  Edward  P.  North,  Vice-President,  Am.  Soc. 
C.  E.,  in  the  chair;  Charles  Warren  Hunt,  Secretary,  and  present,  also, 
80  members  and  19  visitors. 

An  informal  discussion*  on  "  Dry = Docks — Stone  vs.  Wood"  "was 
opened  by  William  L.  Cathcart,  late  Chief  Engineer,  U.  S.  N.,  Profes- 
sor of  Marine  Engineering  at  the  Academy  of  Naval  Architecture,  New 
York.  The  subject  was  discussed  by  Commodore  George  W.  Mel- 
ville, Engineer-in-Chief,  Bureau  of  Steam  Engineering,  U.  S.  N. ;  Com- 
modore M.  T.  Endicott,  M.  Am.  Soc.  C.  E.,  Chief,  Bureau  of  Yards  and 
Docks,  U.  S.  N.;  P.  C.  Asserson,  M.  Am.  Soc.  C.  E.,  Civil  Engineer,  U. 
S.  N. ;  John  Kennedy,  M.  Am.  Soc.  C.  E.,  Chief  Engineer,  Harbor 
Commissioners,  Montreal,  Canada;  B.  G.  Packard,  M.  Am.  Soc.  C.  E. ; 
J.  N.  Greene,  M.  Am.  Soc.  C.  E. ;  Emil  Diebitsch,  Assoc.  M.  Am.  Soc. 
C.  E. ;  Oscar  Lowinson,  Jun.  Am.  Soc.  C.  E. ;  W.  F.  Whittemore,  As- 
soc. M.  Am.  Soc.  C.  E. ;  Thomas  D.  Pitts,  Jun.  Am.  Soc.  C.  E. ;  J.  G. 
Tait,  Assoc.  M.  Am.  Soc.  C.  E. ;  E.  L.  Corthell,  M.  Am.  Soc.  C.  E. ; 
James  Ritchie,  M.  Am.  Soc.  C.  E. ;  H.  W.  Brinckerhoff,  M.  Am.  Soc. 
C.  E.,  and  George  S.  Greene,  Jr.,  M.  Am.  Soc.  C.  E. 

Adjourned  at  23.30  o'clock. 

*  This  discussion  will  be  printed  in  Proceedings  as  soon  as  possible. 
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February  15th,  1899. — The  meeting  was  called  to  order  at  20.45 
o'clock,  Edward  P.  North,  Vice-President,  in  the  chair;  Charles  War- 
ren Hunt,  Secretary,  and  present  also  67  members  and  11  guests. 

The  paper  for  the  evening,  entitled  "  The  Approaches  and  Transpor- 
tation Facilities  of  the  Paris  Exposition  of  1900,"  by  E.  L.  Corthell,  M. 
Am.  Soc.  C.  E.,  was  presented  by  the  author,  and  illustrated  with 
stereopticon  views. 

The  subject  was  discussed  by  Mr.  John  Goetz,  Superintendent  of 
the  Department  of  Decorations,  U.  S.  Commission  for  the  Paris  Expo- 
sition of  1900. 

Adjourned. 
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ANNOUNCEMENTS. 

In  accordance  with  the  resolution  of  the  Board  of  Direction  the 
House  of  the  Society  is  open  every  day,  except  Sunday,  from  9  to 
22  o'clock. 

MEETINGS. 

Wednesday,  March  1st,  1899,  at  20.30  o'clock,  a  regular  meeting 
will  be  held,  at  which  a  paper  by  Robert  P.  Woods,  Jun.  Am.  Soc.  C. 
E.,  entitled  "Street  Grades  and  Cross-Sections  in  Asphalt  and 
Cement,"  will  be  presented.  It  is  printed  in  this  number  of  Pro- 
ceedings. 

Wednesday,  March  15th,  1899,  at  20.30  o'clock,  a  regular  meet- 
ing will  be  held. 

No  paper  has  been  presented  for  this  meeting,  but  there  will  be  an 
informal  discussion,  on  a  subject  to  be  announced  later. 


DISCUSSIONS. 

Discussion  on  the  paper  by  J.  W.  Hill,  M.  Am.  Soc.  C.  E.,  entitled 
"  Accuracy  and  Durability  of  Water  Meters,"  which  was  presented  at 
the  meeting  of  February  1st,  1899,  will  be  closed  March  15th,  1899. 

Discussion  on  the  paper  by  E.  L.  Corthell,  M.  Am.  Soc.  C.  E., 
entitled  "  Approaches  and  Transportation  Facilities  at  the  Paris  Ex- 
position of  1900,"  which  was  presented  at  the  meeting  of  February 
15th,  1899,  will  be  closed  April  1st,  1899. 
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THE  TRANSITION  CURVE,  BY  OFFSETS  AND  BY  DEFLECTION 

ANGLES. 

By  C.  L.  Crandall,  M.  Am.  Soc.  C.  E.  Second  edition,  revised  and 
enlarged.  Morocco,  7x4  ins. ,  99  pp.  New  York,  John  Wiley  &  Sons, 
1899. 

The  preface  says:  'Accurate  methods  are  here,  it  is  helieved,  for  the  first  time,  de- 
veloped for  the  true  transition  curve,  curvature  increasing  directly  with  the  distance, 
which  will  hold  for  large  central  angles  for  both  the  offset  and  the  deflection  methods. 

***********  *  ** 

"  The  offset  method  is  worked  up  for  use  during  location  and  the  greater  part  of 
construction  on  account  of  its  extreme  simplicity." 

On  account  of  the  increased  use  of  transition  curves  for  electric  railroads,  Table  1, 
containing  offsets  and  other  data,  has  been  extended  to  circular  curves  of  short  radii. 
Some  of  the  other  tables  have  also  been  extended. 

Eight  pages  are  devoted  to  the  theory  of  transition  curves  and  thirty-one  to  practice; 
there  are  eight  tables  of  offsets,  coordinates,  angles,  radii,  etc. 

MATTER,  ENERGY,   FORCE  AND  WORK. 

A  plain  presentation  of  fundamental  physical  concepts  and  of  the 
Vortex-Atom,  and  other  theories.  By  Silas  W.  Holman.  Cloth,  8x5 
ins.,  257  pp.,  $2.50.     New  York.     The  Macmillan  Company,  1898. 

The  work  is  divided  into  two  parts.  Part  one  contains  the  subject-matter  proper. 
The  definitions  and  views  given  are  not  designed  to  be  an  exposition  of  current  and  ac- 
cepted usage,  but  an  attempt  at  a  setting  forth  of  individual  thought. 

Part  two  consists  of  summaries  of  the  chief  theories  of  the  nature  of  matter,  energy 
and  force. 

Heading  of  chapters  are:  Substance,  Matter;  Motion;  Energy;  Forms  of  Energy; 
Force;  Kinetic  Energy,  Kinergety;  Force  Measurement;  Work;  Potential  Energy; 
Matter;  Comments  on  Certain  Definitions;  Function  of  Theory  and  Hypothesis;  Kinetic 
Theory  of  Gases;  Le  Sage's  Theory  of  Gravitation;  The  Vortex-Atom  Theory;  Nature 
of  Energy  and  Matter.    The  book  closes  with  an  index. 
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Street  Grades  and  Cross-Sections  in  Asphalt  and  Cement. 
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STREET     GRADES     AND     CROSS-SECTIONS    IN 
ASPHALT  AND  CEMENT. 


By  Bobert  P.  Woods,  Jun.  Am.  Soc.  C.  E. 
To  be  Presented  March  1st,  1899. 


Certain  rules  and  practices  in  street  improvements  have  been 
formulated  in  the  larger  cities,  which,  although  desirable,  cannot 
always  be  applied  to  similar  work  in  the  smaller  ones.  The  size, 
topography,  and  general  local  conditions  of  a  city  largely  determine 
the  character  of  the  street  grades  and  cross-sections,  and  their  plan 
of  arrangement. 

A  slight  departure  from  customary  methods  was  made  by  the 
author  in  arranging  the  grades  and  cross- sections  to  be  used  in  the 
recent  construction  of  sheet-asphalt  roadways  and  cement  walks, 
curbs  and  gutters,  in  a  part  of  the  business  district  of  Wabash,  Ind., 
a  small  city,  having  a  population  of  about  11  000.     The  old  grades,  as 

Note.— These  papers  are  issued  before  the  date  set  for  presentation  and  discussion 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mad  to  the  Secretary.  The  papers  with  discussion  in  full  will  be  published  in  the 
volumes  of  Transactions. 
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established,  were  poorly  adapted  for  the  proposed  improvement,  and 
a  careful  adjustment  of  those  involved  was  prepared,  with  the  object 
of  having  the  finished  work  as  substantial,  convenient  for  use,  and 
harmonious  as  the  local  circumstances  would  permit.  Generally, 
the  improvement  might  be  regarded  as  unnecessary  side-hill  construc- 
tion on  a  comparatively  flat  surface;  a  condition  unwarranted  in  view 
of  the  original  topography  of  the  included  territory,  and  yet  not  noAV 
admitting  of  radical  changes. 

The  erection  of  many  of  the  buildings  within  the  limits  of  the  im- 
provement had  preceded  the  adoption  of  any  grades  by  the  city 
authorities,  and  to  this  tardiness  of  the  proper  municipal  officers 
in  establishing  common  gradients,  may  be  attributed  much  of  the 
irregularity  in  the  elevations  of  the  floors  of  the  different  business 
rooms. 

In  the  rearrangement  of  grades,  the  sidewalks  were  raised  from 
1  in.  to  12  ins.  above  the  floors  of  some  dozen  adjoining  store  rooms. 
The  owners  of  the  buildings  affected,  in  several  instances,  waived  all 
claims  for  damages  occasioned  by  such  changes,  and  the  remaining 
cases  were  referred  to  the  Board  of  City  Commissioners  for  assessment 
of  benefits  and  damages. 

There  are  few  places  in  the  improvement  where  the  two  opposite 
walks  on  any  street  are  ou  the  same  grade.  This  inequality  between 
the  elevations  of  opposite  points  on  the  property  lines  of  any  street 
attains  a  maximum  of  2.45  ft.  on  a  street  width  of  90  ft. ,  and  1. 65  ft.  on 
a  street  width  of  66  ft. 

The  prominent  feature  in  the  arrangement  of  the  grades  and  sec- 
tions described  in  this  paper  is  what  is  here  called  the  "double 
curb,"  which  consisted  of  a  lower  or  roadway  section  and  an  upper 
or  sidewalk  section,  so  shaped  as  to  form  steps  from  the  gutter  to 
the  walk.  The  principal  factors  entering  into  the  details  of  the 
adjustment  were  the  determination  of  the  location  of  the  crown 
line  of  the  roadway,  the  height  of  the  exposed  vertical  face  of  the 
curb,  and  the  form  and  amount  of  transverse  slope  of  the  roadway 
and  walk. 

The  streets  (Fig.  1)  are  either  90  ft.  or  66  ft.  wide  between  outside 
or  property  lines,  and  are  paved  for  the  full  width  with  asphalt  or 
cement,  with  the  exception  of  one  block  on  Market  street  (not  shown 
in  Fig.  1),  where  half  the  sidewalk  space  on  either  side  of  the  roadway 


Papers.]    WOODS   ON    STREET   GRADES    AND    CROSS-SECTIONS.  59 


f 

6, 

132 

? 

l-i-i 

§ 

13 

7.0  V  - 


60  WOODS   ON"   STKEET   GRADES  AND   CROSS-SECTIONS.     [Papers. 

is  paved  with  cement  and  the  other  half  graded  into  lawn.  On  the 
90-f t.  street,  the  roadway  between  curb  faces  is  59  ft. ,  and  either  walk, 
including  the  curb,  is  15|  ft.  wide.  The  66-ft.  streets  have  roadways 
40  ft.  in  width  between  curb  faces,  and  either  walk,  including  the 
curb,  is  13  ft.  wide. 

All  roadways,  exclusive  of  gutters,  are  paved  with  sheet  asphalt 
consisting  of  a  2-in.  top,  and  a  1-in.  bituminous  binder,  on  a  6-in. 
hydraulic  concrete  base.  The  walks,  curbs  and  gutters  are  laid  with 
granite-faced  cement  concrete;  the  walks  being  5  ins.  and  the  curbs 
and  gutter  6  ins.  thick. 

The  curb  and  gutter  throughout  were  combined,  and  constructed 
as  a  monolith,  in  sections  6  ft.  in  length.  The  roadway  edge  of  the 
curb  is  turned  with  a  2-in.  radius,  and  the  junction  of  the  curb  and 
gutter  was  effected  with  a  radius  of  1-|  ins.  From  out  to  out  the  com- 
bined curb  and  gutter  measures  22  ins. ;  6  ins.  for  the  curb  and  16  ins. 
for  the  gutter.  The  exposed  vertical  height  of  the  curb  varies  from  a 
minimum  of  0.33  ft.  to  an  extreme  of  0.85  ft. 

The  double  curb  is  composed  of  a  lower  or  roadway  section  and  an 
upper  or  sidewalk  section  constructed  on  parallel  lines;  the  roadway 
face  of  the  latter  being  12  ins.  from  the  roadway  face  of  the  roadway 
curb  and  the  top  flush  with  the  sidewalk.  The  exposed  vertical 
height  varies  from  nothing  to  a  maximum  of  0.92  ft.,  and  the  edge  is 
turned  with  a  2-in.  radius.  The  lower  or  roadway  section  has  a  top 
width  of  12  ins.,  and  is  the  regular  roadway  curb  increased  by  the 
addition  of  a  ti-in.  block  of  cement  fitted  into  the  space  between  the 
regular  curb  and  the  sidewalk  curb,  the  top  surface  of  the  additional 
piece  being  flush  with  the  top  of  the  roadway  curb.  The  exposed  vertical 
height  of  the  roadway  section  varies,  as  in  the  case  of  the  regular  road- 
way curb,  from  0.33  ft.  to  0.85  ft.  This  double  curb  was  designed  to 
be  used  where  the  height  from  the  gutter  to  the  top  of  the  walk  was 
more  than  10  ins.,  but  did  not  exceed  21  ins.  Bisers  of  10  and  11  ins. 
in  steps  are  rather  excessive,  but  it  was  thought  that  the  exigencies  of 
the  situation  permitted  their  adoption  in  the  few  places  wrhere  they 
were  used. 

All  cut-off  boxes  for  gas  and  water  supply  to  buildings,  were  placed 
in  the  sidewalk  space  immediately  back  of  the  regular  curb,  and  where 
encountered  contiguous  to  the  double  curb,  they  were  fitted  into  the 
widened  portion  of  the  lower  section. 
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Several  short  stretches  of  good  stone  sidewalks  had  been  con- 
structed by  property  owners  under  previous  city  ordinances,  and  after 
some  adjustment  were  allowed  to  remain.  They  comprised  the  north 
walk  on  Canal  Street,  from  Miami  Street  to  Wabash  Street,  and 
several  small  lengths  on  both  sides  of  Market  Street,  between  Wabash 
and  Huntington  Streets.  Those  on  the  north  side  of  Market  Street 
had  been  paved  to  a  width  of  only  12  ft.,  thus  necessitating  a  widening 
of  several  feet. 

Frequently,  in  street  construction,  where  the  side  lines  are  on  dif- 
ferent gradients,  one  gutter  is  placed  higher  than  the  other,  and  the 
transverse  form  of  the  roadway  made  either  on  a  straight  line  between 
the  two  gutters,  or  in  the  form  of  half  an  arc,  the  chord  of  which  is 
double  the  width  of  the  roadway.  When  the  former  is  used,  sags  or 
depressions  have  a  tendency  to  develop  in  the  pavement,  especially 
where  the  roadway  is  wide,  and  with  either  one,  the  objection  might 
be  raised,  that  carriage  and  street  car  travel  are  not  best  accommo- 
dated. It  was  decided  to  preserve  a  crown  line  within  the  road- 
way throughout  this  improvement,  due  consideration  having  been 
given  to  other  conditions;  and  to  keep  it  preferably  in  the  center; 
but,  as  an  expedient,  in  one  block  of  pavement  on  Miami  Street, 
the  crown  line  was  shifted  7  ft.  from  the  center  toward  the  high 
side  of  the  street,  as  shown  in  Sections  Nos.  1  and  2,  Fig.  2.  With 
this  single  exception  the  crown  line  was  maintained  in  the  center  of 
each  roadway. 

The  three  usual  forms  for  roadway  crowns  are,  the  parabolic  and 
circular  curves,  or  a  combination  of  either  one  with  tangent  sides.  Of 
these,  the  first  two  are  nearly  always  alike,  while  the  last  may  be 
arranged  quite  differently  from  either.  The  form  used  by  the  author 
was  a  parabolic  curve,  and  yet,  for  all  practical  purposes,  it  might  be 
called  the  segment  of  a  circle,  since  a  calculation  of  both  curves  shows 
their  corresponding  ordinates  to  be  almost  identical  where  the  propor- 
tion  of  rise  to  span  is  so  small  as  prevails  in  the  construction  of  city 
pavements.  The  distance  from  the  edge  of  the  gutter  to  the  crown 
line  was  divided  into  eight  equal  parts,  the  division  points  being 
numbered  consecutively  from  "0"  at  the  crown  line,  to  "8"  at  the 
gutter,  and  the  formula,  as  deduced  for  determining  the  ordinates 
from  the  surface  of  the  pavement  to  a  horizontal  line  level  with  the 
crown  point,  is  as  follows: 
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Ordinate  at  the  crown  point  0  =  0 

"  1  =  0.0156  Cor  -gV  C 
"  2  =  0.0625  G  "  -A  r 
«  3  =  0.1406  C  "  -L-  G 
"  4  =  0.2500  (7  "  |f  C 
"  5  =  0.3906  G  "  |f  O 
"  6  =  0.5625  C  "  M  C 
"  7  =  0.7656  C  "  Af  C 
"  edge  of  gutter  "  8  =  1.0000  C  "  U  C 
in  which  C  equals  the  crown,  for  the  distance  specified. 

The  amount  of  crown  of  each  roadway  from  the  face  of  the  curb  to 
the  crown  line,  is  3%  of  the  horizontal  distance  between  the  two  points 
named.  Of  this  amount  the  glitter  has  a  uniform  slope  of  0.08  ft.,  in 
its  width  of  16  ins.,  and  the  remainder  is  the  rise  or  crown  for  the 
asphalt  portion.  In  the  case  of  a  roadway  40  ft.  in  width  between  curb 
faces,  with  the  crown  line  in  the  center,  the  total  rise  or  crown  is  0.60 
ft.,  and  the  crown  in  the  asphalt  portion  which  is  included  between 
the  gutter  edges  is  0.52  ft.  This  latter  rise,  as  before  stated,  is  pro- 
portioned on  the  form  of  a  parabolic  curve. 

The  crown  and  gutter  lines  in  each  block  of  pavement  are  on  par- 
allel longitudinal  grades  throughout,  excepting  the  small  deviations 
made  on  Market  Street  on  either  side  of  the  Wabash  and  Market  Street 
intersection.  These  roadway  grades  range  from  a  minimum  of  0.35% 
to  a  maximum  of  2.42  per  cent. 

The  cross-slope  of  the  sidewalks  is  on  a  uniform  inclination  from 
the  property  lines  of  the  streets  to  the  curbs,  and  varies  in  amount 
from  .015%  to  an  occasional  4%  grade. 

The  plan,  Fig.  1,  exhibits  the  dimensions  of  the  streets,  the  location 
of  the  regular  and  double  curbs  and  the  longitudinal  grade  of  the 
roadways.  The  two  large  similar  figures  on  the  same  line  refer  to  the 
numbers  of  the  detailed  outline  sections  shown  in  Fig.  2. 

Outlines  of  nine  different  cross-sections  of  the  streets  are  repre- 
sented in  Fig.  2,  indicating  the  amount  of  slope  given  to  the  roadway 
and  walks,  together  with  the  excess  of  elevation  of  one  walk  over  the 
other  at  the  location  cited.  Sections  Nos.  10,  11  and  12,  in  Fig.  3,  are 
the  forms  of  crown  for  the  several  roadways,  with  the  ordinates  given 
in  decimals  of  a  foot,  as  calculated  by  the  parabolic  formula.  The 
form  for  the  40-ft.  roadway  having  the  crown  line  in  the  center,  is 
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shown  in  section  No.  10,  the  curve  corresponding  closely  with  a  circu- 
lar arc  having-  a  radius  of  335.80  ft.  Section  No.  11  is  the  form  for  the 
40-ft.  roadway  having  the  crown  line  shifted  7  ft.  from  the  center,  and 
contains  two  curves.  The  short  one  on  the  right  has  a  rise  or  middle 
ordinate  of  0.31  ft.,  ahalf  chord  of  llf  ft.,  and  corresponds  closely  with 
a  circular  arc  having  a  radius  of  219.68  ft. ;  the  longer  one  on  the  left 
has  a  rise  or  middle  ordinate  of  0.73  ft.,  ahalf  chord  of  25§  ft.,  and 
corresponds  with  a  circular  arc  having  a  radius  of  451.58  ft.  The 
form  shown  in  section  No.  12,  was  used  for  the  59-ft.  roadway,  the 
corresponding  circular  arc  having  a  radius  of  496.25  ft. 

The  double  curb  and  gutter,  and  the  combined  single  curb  and 
gutter  are  shown  in  sections  Nos.  13  and  14,  respectively. 

Two  views  of  Wabash  Street,  taken  before  and  after  the  construc- 
tion of  the  improved  pavement,  are  shown  on  Plate  V. 
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At  the  Annual  Meeting,  January  19th,  189S,  the 
following  facts  in  regard  to  the  subscription  to  this  book 
were  brought  out : 

Two  thousand  copies  were  printed ;  300  were  bound 
in  full  morocco,  of  which  216  have  been  sold  at  $10  per 
copy,  the  resulting  net  profit  being  $943.06.  Seventeen 
hundred  copies,  which  have  been  paid  for,  are  still  on 
hand,  and  the  Board  of  Direction  was  requested  to  con- 
sider the  propriety  of  offering  to  the  membership  these 
copies  bound  in  a.  less  expensive  style  and  at  a  reduced 
price,  the  net  proceeds  to  be  applied  to  the  building  fund. 

In  compliance  with  this  request  it  has  been  decided 
to  bind  as  many  copies  as  are  necessary  to  supply  the 
demand,  in  a  handsome  cloth  binding  and  to  supply 
them  at  $5  per  copy. 

This  action  has  been  taken  in  the  belief  that  many 
members  will  welcome  the  opportunity  of  contributing 
something  to  the  building  fund. 

There  are  a  few  copies  still  on  hand  of  the  first  lot 
bound  and  these  can  be  obtained  by  those  who  so  desire 
at  $10  per  copy. 

Orders  should  be  sent  to  the  Secretary. 


The  book  begins  with  a  brief  statement  of  the  first 
movement  to  form  a  National  Society  of  American  Engi- 
neers in  1839.  The  organization  of  the  American  Society 
of  Civil  Engineers  and  Architects  in  1852  is  then  described, 
a  list  of  its  promoters  and  charter  members  given,  and 
the  work  accomplished  in  its  first  two  years  of  life 
sketched.  The  reorganization  of  the  Association  in  1867 
and  the  important  events  in  its  career  from  that  date  to 
1873,  when  the  first  publication  was  issued,  are  then  given 
in  chronological  order.  Succeeding  chapters  are  under 
the  following  heads  :  Locations  Occupied  by  the 
Society,  Library,  International  Exhibitions,  Publications 
Badge,  Constitutional  Changes  and  Work  Accomplished. 
Under  the  head  of  "Comparative  Growth  of  National 
Engineering  Societies  "  short  sketches  of  the  Institution 
of  Civil  Engineers  and  the  Societe  des  Ingenieurs  Civils 
are  given.  The  illustrations  consist  of  35  half-tone 
portraits  of  past  officers  of  the  Society  and  one  diagram, 
all  handsomely  printed  on  heavy  paper. 
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FALLS  CITY  MILLS,  Anchor  Brand, 

BLACK  DIAMOND  MILLS  (Railroad),  Diamond  Brand. 


This  Cement  has  been  in  general  use  throughout  the  West  and  South 
since  1830,  most  of  the  public  works  having  been  constructed  with  it.  Orders 
for  shipment  to  any  part  of  the  country,  by  rail  or  water,  will  receive  prompt 
and  careful  attention. 

Sales  for  1893,  2,145,568  Barrels. 

WESTERN     CEMENT     COMPANY, 

247  W.  Main  St.,  Louisville,  Ky. 
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BUILDERS  [RON  FOUNDRY,  Providence.  R.  I. 

A.  J.   SNYDER   &   SONS, 

"BESCEIT"*  BRAND  RQSENDALE  CEMENT 

Especially  manufactured  for 

IMPORTANT    ENGINEERING    WORK, 

requiring  a  high  grade  testing  cement.    Over  30,000  barrels  were  used  on 
the  new  dams  for  the  Crotou  Aqueduct,  and  not  one  barrel  was  rejected. 

■sraflaS"   HENRY  R.  BRIGHAM,  General  Agent, 

35  STONE  STREET,  NEW  YORK  CITY. 


WORKS 


ARE    THE    LARGEST    IN    EXISTENCE. 


OTIS  BROTHERS  &  CO., 

38   PARK   ROW,  NEW  YORK. 

MANUFACTURERS  OF 

ELEVATORS  OPERATED  BY  ANY  POWER  EXCEPT  HAND-POWER. 
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THE   F.  O.  NORTON    COMPANY, 


— MANUFACTURER    OF — 


92    BROADWAY,   NEW  YORK. 


Particularly  adapted  for  work  under  water,  for  which  use  it  is 
superior  to  the  best  Portland  Cement,  when  used  i  to  i. 

Certificates  of  tests  and  reports  on  actual  use  in  important  public 
works  furnished  on  application. 


USED  EXCLUSIVELY  ON 


OUR    LEADING 

Architects,  Engineers  and  Builders 

SPECIFY  AND  USB 

BROOKLYN    BRIDGE    BRAND 

ROSENDALE   HYDRAULIC   CEMENT. 

PARK  ROW  OFFICE  BUILDING— 30  STORIES. 
WALDORF-ASTORIA  HOTEL-LAROEST  IN  THE  WORLD. 
NEW  YORK  CROTON  AQUEDUCT,  65,000  BARRELS. 


ATLAS  Ported  Cement 

IS  THE  STANDARD 
AMERICAN    PORTLAND. 

The  U.  S.  Government  gives  it  preference  over  all  other  brands* 

ATLAS  CEMENT  CO., 
J43  LIBERTY  STREET,  NEW  YORK  CITY. 


IRONCLAD  PORTLAND  CEMENT 

Manufactured  by  Glens  Falls  Portland  Cement  Co. 

Sole  Selling-  Agent,  Commercial  Wood  &  Cement  Co., 

156   FIFTH   AVENUE,    NEW   YORK. 


High-grade  American 
PORTLAND  CEMENT 

unsurpassed  for  making 

Fine  Artificial  Stone. 


(Connecting  Branch  Sleeve 

-  Tapping  Apparatus 

For  making  Large  Connections  without 

Shutting  Off  Water  or  Reducing  Pressure. 

This  is  no  experiment,  but  has  been  used 
by  the  Water  Departments  of  numerous 
cities  for  years  with  entire  success.     Con- 
nections from  2  to  24  ins.  have  been  made  with  mains  from  4  to 
48  ins.     For  full  information,  address 

THE  A.  P.  SMITH    MFG.  CO.,  921  Prudential  Building,  Newark,  N.  J. 


The  Evening  Post  Job  Printing  House, 

FULTON    STREET,  CORNER   BROADWAY, 
NEW  YORK. 


PRINTERS    OF    PERIODICALS 


DURABLE 

METAL  COATING 

(Formerly  called  Black  Bridge  Paint.) 
FOR  BRIDGES  AND  ALL  STRUCTURAL  METAL. 


EDWARD  SMITH  &  CO.,  45  Broadway,  New  York. 

Yarnish  Makers  and  Color  Grinders.  P.  O.  Box  1780. 


Rock  Drilling;  and  Air  Compressing; 

MAOHI^EET" 

For  TUNNELS,  QUARRIES,  MINES,  RAILROADS, 

And  wherever  ORE  and  ROCK  are  to  be  DRILLED  and  BLASTED. 


«3-SEND   FOR  NEW  CATALOGUE. 


HAND  DRILL  CO.,  100  Broadway,  New  York,  U.  S.  A. 

Bbanoh  Offices  :  Monadnock  Building,  Chicago,  111. ;  Ishpeming,  Mich. ;  1361  Eighteenth 
Street,  Denver,  Colo.  ;  Sherbrooke,  Quebec,  Canada ;  Apartado  830,  Mexico  City. 
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THE   PROOF  OF  VALUE 

OF   THE 

SERVIS    TIE   PLATE 

IS    ITS    RECORD. 

Used  over  eight  years  by  most  every  leading  rail- 
road. No  other  plate  has  been  used  satisfactorily  over 
two  years.    Write  us. 


THE  Q.  &  C.  CO 


705  Western  Union  Building, 

109  Endicott  Arc,  St.  Paul,  Minn. 

Chicago,  111. 

525  Mission  St., 

100  Broadway,  New  York, 

San  Francisco,  Cal. 

N.  Y. 

17  Place  D'Armes  Hill, 

70  Kilby  St.,  Boston,  Mass. 

Montreal,  Can. 

PROCEEDINGS 

OF   THE 

AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 
Select  Advertisements  will  be  Received  at  the  following  Rates: 


One  Page 

One-half  Page 

One-quarter  Page 

One-twelfth  Page,  Card 


One  Year. 

10  Insertions. 


$170  00 
90  00 
50  00 
20  00 


ya  yeab. 

6  Insertions. 


$95  00 
55  00 
30  00 


3  Insertions. 


$60  00 
35  00 
20  00 


Address  the  Secretary  of  the  Society,  220  West  57th  Street,  New  York. 
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GIANT  PORTLAND,  manufactured  by 

Egypt  Portland,  AMERICAN  CEMENT  CO.,  Egypt,  Pa., 

IMPROVED  UNION,  LESLEY  &  TRINKLE,  Sales  Agents, 

AND  UNION  CEMENTS.  22  &  24  South  15th  St.,     Philadelphia. 


CONTINUOUS  RAIL  JOINT  COMPANY  of  aWERIOL 

912   PRUDENTIAL    BUILDING, 

NEWARK,  N.  J. 

Millions  in  use 
on  80  Railroads 

Fewest  parts 

]  possible.      Pro- 

|  vides  for  the  in- 

|  creased  tonnage 

up  to  date. 


rRiTERiOJV 


SPEAK    QUICK 

FOR  A  STEREOPTICON 
AT   HALF   PRICE! 

CLOSING      OUT'    Owing   to   the    rapid    development 
W  of  our  ACETYLENE    GAS    GEN- 

ERATOR business,  we  are  closing  out  our  STEREOPTICON 
DEPARTMENT.  Send  for  bargain  circular,  also  information 
about   ACETYLENE    GAS. 


J.    B.    COLT    &    CO.,    Dept.    48, 


3  TO   7    WEST   29TH    STREET, 


NEW   YORK. 
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LEHIGH  VALLEY  CREOSOTING  COMPANY, 

Office :    No.  1 1  Broadway,  New  York.      •      Works :  Perth  Amboy,  N.  J. 

Built  in  1886  by  the  Lehigh  Valley  Railroad  Company. 
Leased  and  operated  by  the  Lehigh  Valley  Creosoting  Co.,  incorporated  1887. 


Lumber,  Piling,  Ties,  and  Underground  Conduit  furnished  or  treated 
with  Dead  Oil  of  Coal  Tar  (Creosote). 

Bail  connection  at  Perth  Amboy,  with  Lehigh  Valley,  Pennsylvania  and  New  Jersey  Central 
Railroads.    Direct  Water  communication  from  New  York  Bay. 

Creosoting  is  employed  successfully  in  the  protection  and  preservation  of  timber  used  for  : 


Breakwaters, 

Floating  Elevators, 

Underground  Conduits, 

Buildings, 

Coal  Docks, 

Dry  Docks, 

Foundation  Timbers, 

Coal  Bins, 

Bulkheads, 

Dredges, 

Telegraph  Poles, 

Box  Drains, 

Wharves, 

Vessels, 

Paving  Blocks, 

Bridges, 

Dykes, 

Scows, 

Cross  Ties, 

Trestles, 

Cribs, 

Boats, 

Fence  Posts, 

Culverts, 

This  process  is  the  only  one  known  to  be  absolute  proof  against  the  destruction  of  marine 
works  by  the  teredo,  arid  is  a  sure  preventive  against  rot  or  decay  of  timber  under  any  con- 
ditions. Recommended  by  the  "Committee  on  the  Preservation  of  Timber  "  of  the  American 
8ociety  of  Civil  Engineers,  as  the  most  effective  process  for  marine  works  and  timber  in  very 
wet  situations. 

Creosote  Oil  is  not  dissolvable  in  water  like  metallic  salts,  and  the  heavy  grades  made 
from  coal  tar  will  not  wash  out  in  running  water.  Creosoting  with  Coal  Tar  Creosote  under 
high  pressure,  after  the  proper  desiccation  and  preparation  of  the  timber,  is  not  a  nkw 
patented  peooess.  Its  success,  when  well  done,  is  certain.  Introduced  in  England  over  60 
years  ago,  and  since  thoroughly  tested  in  all  parts  of  the  world. 

addeess:   h.   COMER,   Superintendent, 

Lehigh  Valley  Creosoting  Company,  -:-  No.   n   BROADWAY,   N.  Y. 

Eppinger  &  Russell  Co., 

CREOSOTING  WORKS, 

Dead  OH  of  Coal  Tar  Process. 


Piles  and  Timber  treated  with  the  above  Oil  for  all  purposes, 
when  preservation   is  desired. 


Introduced  in  England  by  Mr.  Bethel  in  1838.  DEAD  OIL.  OF  COAL  TAR  is  the 
only  known  product  of  commercial  application  that  will  preserve  TIMBER  FROM 
DECAY,  LAND  AND  MARINE  INSECTS. 

Our  Mr.  Valentine  has  had  practical  experience  since  1872,  and  we  have  specimens  of 
Piles  and  Timber  treated  by  him  in  1874,  which  are  in  use  to-day  and  are  in  a  perfect  state  of 
preservation.     We  have  the  largest  and  best  equipped  plant  in  the  world. 
Cylinders  100  ft.  long,  capacity  1,500,000  ft.  per  month. 
Direct  Water  and  Rail  Communications. 

MANUFACTURERS   OF   THE 

Valentine  Electrical  Subway  Conduit. 

WORKS:  I  OFFICES: 

Foot  First  Street  and  Newtown  Creek,   ,   MORRIS    B XT  11..  131  IN Gr 
LONQ  ISLAND  CITY.  66  BROAD  ST.,  NEW  YORK. 

SEND  FOR  CIRCULARS  AND  PRICES. 


ALCATRAZ    ASPHALT 

Guaranteed  free  from  Coal  Tar  or  Petroleum  Residuum, 

For  Reservoir  Linings 

and  Pipe  Coatings. 


The    AlcatraZ    CO.,  San  Francisco,  Cal. 
General  Eastern  Office,  3  West  29th  St.,  New  York. 


NEW   YORK    DREDCING    CO., 

ENCINEERS   AND   CONTRACTORS. 

GEO.  W.  CATT,  M.  Am.  Soc.  C.  E.,  President  and  Engineer.    0.  L.  WILLIAMS,  Secretary  and  Treasurer. 


■■.-■. 
raulic  Dredge  discharging  through  5,700  Ft.  Pip?.     Wi[l  dig  and  put  ashore  any  Material,  Rock  excepted. 

SPECIALTIES: 

Machinery  for  Economical  Excava- 
tion of  Canals. 

For  Dredging-,  For  Reclamation  of 
Low  Lands. 

CORRESPONDENCE  SOLICITED 

World  Building,  New  York,  N.  Y. 

"Machines  at  work  at  Wilmington,  Del.; 
Port    Royal,    S.  C;    Port   Arthur,    Sabine 
Patent  Canal  Excavator.  Pass,  Texas,  and  Oakland,  Cal." 

Capacity  of  Plant  owned  by  us,  under  favorable  conditions,  1,000,000  cubic  yards  per  montb. 


WEST  PASCAG0ULA  CREOSOTE  WORKS, 

WEST  PASCAGOULA,  MISS. 
Situated  on  Pascagoula  Bay  and  on  the  line  of  the  Louisville  and  Nashville  Railroad. 

These  works  have  been  in  operation  for  more  than  twenty  years,  were  recently 
entirely  rebuilt  and  enlarged,  and  are  now  prepared  to  execute  all  orders  for  creosoted 
piles  and  timber  thoroughly  impregnated  with  dead  oil  of  coal  tar. 

New  cylinders  115  feet  long.     Capacity,  one  million  feet  per  month. 

Address   S.   W.    LABROT 

Supt.  West  Pascagoula  Creosote  Works, 

West  Pascagoula,  Miss. 


c  "w\  HTJ3STT  ooiiuciE'.A.iisr-ir, 

^ENGINEERS,  e«- 

ADDRESS    THE    WORKS    DIRECT, 

JOHN  STREET,  WEST  NEW  BRIGHTON,  STATEN  ISLAND,  N.  Y 

(ESTABLISHED     1872), 

Make  a  specialty  of  Machinery  for  the  rapid  and  economical  handling  of  heavy  or 
bulky  materials,  as  well  as  Plans  for  Storage  Buildings  and  Wharves. 

ENGINEERS  ARE  REQUESTED  TO  SEND  FOR  OUR  CATALOGUES. 
"Coal-Handling  Machinery,"  "Cable  Railways  for  Freight," 

"Conveyors"  Gravity  Bucket,  "Manilla  Rope"  Transmission, 

"Industrial  Railways."  "Coal  Handling  in  Power  Plants." 

extent  of  Asphalt  Pavements 

IN  THE  UNITED  STATES  AND  CANADA. 

Trinidad  Lake  Asphalt  Pavement,  21,527,415  square  yards,  or  90% 
Other  kinds  Asphalt  Pavement,        2,307,064  square  yards,  or  10% 


OF  T 


hlTRINIDAD  lake  asphalt  pavement 


10,000,000  square  yards,  or  nearly  50%, 

WAS  LAID  BY 

THE  BARBER  ASPHALT  PAVING  COMPANY. 


This  is  equal  to  about  650  miles  of  Roadway,  26  feet  wide. 

The  Asphalt  used  by  this  Company  is  from  the  famous 
Pitch  Lake  in  the  Island  of  TriDidad,  B.  W.  I. 

^  Plans  and  Estimates  Furnished  on  Application. 


GENERAL    OFFICES  : 

LE  DROIT  BUILDING,     ■        •        ■     WASHINGTON,  D.  C. 
BOWLING  GREEN  BUILDING.  No.  11  Broadway,  New  York. 

F.  V.  GREENE,  President 

SUPERIOR  GRAPHITE   PAINT 

For  BRIDGES,  A  STRUCTURAL 

ROOFS,     .         \y  IRON,    .... 

And  all  Exposed  Metal  or  Wood  Surfaces. 


wratSfi?£Scffl.£         Detroit  Graphite  Mfg.  Co., 

ttS'.5m0ke. °!  DETROIT,  MICH. 
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Architects  and  Builders, 

When  making  Contracts,  should  remember  that 

12,000,000  Barrels 

"HOFFMAN" 

CEMENT 

Have  been  used  on  important  works  throughout  the  United  States. 

No  other  Cement  Company  can  show  such  a  Record. 

Lawrence  Cement  Co. 

Sales  Office,   No.    i    Broadway,    New  York. 


LABORATORIES  OF  Dr.  CHAS.  F.  Mr.KRNM  22,  pearl  st.,  new  vqrk, 

Successor  to  Dr.  GIDEON  E.  MOORE. 

DEPARTMENT  OP  CHEMISTRY.  Analyses  and  Assays  of  Ores,  Metals,  Waters  and  Natural 
and  Industrial  Products  of  every  description. 

DEPARTMENT  OP  PHYSICAL  TESTS.  Tensile,  Transverse  and  Compression  Tests  of  Iron ,  Steel 
and  other  Metals  and  Alloys,  Cements,  Building  Stones  and  Engineering  Materials  generally. 

ESTABLISHED    1856. 


Warren  Foundry  and  Machine  Co. 

WORKS  AT  PHILLIPSBURG,   NEW  JERSEY. 

SALES  OFFICE:   160  BROADWAY,    NEW  YORK. 


CAST-IRON,  WATER  AND  GAS  PIPE, 

Feom  3  to  48  Inches  Diameter. 
Also  all  sizes  of  FLANGED    PIPE  and  SPECIAL.   CASTINGS. 


~^^\  Improved  RiGiD&SpmriGFRO(j5,(ROJ5iHG5|fRACK  Work 
NMhmlffrW  SiHGLEt Three  Throw  SputSwikhesJ  (HSSEffi 


rRFDXJUfellL 


ESTABLISHED     1845. 


TROY,      N.     Y.,      TJ.     S.     A.. 

LARGEST   MANUFACTURERS   IN   AMERICA  OF 

Civil  Engineers'  and  Surveyors'  Field  Instruments. 
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LATEST  CATALOGUE  MAILED  ON  APPLICATION. 


XIII 


ESTABLISHED  1872. 


F.  E.  BRANDIS  SONS  &  CO., 


MANUFACTURERS    OF 


Engineers'  and  Surveyors'  Instruments, 

814    GATES    AVENUE, 

BROOKLYN,      NEW     YORK. 


Catalogues  mailed  on  application. 


Gravity  and  Pressure  Filters, 

Constructed  under  the  HYATT,  JEWELL  and  WARREN  Patents. 

THE    ACKNOWLEDGED     STANDARD   OF 
MECHANICAL     FILTRATION. 

Patents  Sustained  by  the  Hig-hest  Courts. 
HIGHEST    EFFICIENCY.       LOWEST    PRICES. 

O.  H.  JEWELL  FILTER  CO.,  40-42  WEST  QUINCY  ST.,  CHICAGO. 

NEW  YORK  FILTER  MFG.  CO.,    26  CORTLANDT  ST.,    NEW  YORK 

220  DEVONSHIRE  STREET,  BOSTON. 


FRONTIER 

Single  and  Tandem  Cylinder 

GAS  AND  GASOLINE  ENGINE. 

PARTICULARLY  ADAPTED  FOR 

Pumping   and  Electric    Lighting. 
FRONTIER  IRON  WORKS, 

Atwater  Street,  Detroit,  Mich. 
Builders  and  Western  Sales  Agents. 


Vertical,  2  to  10  H.-P. 
Horizontal,  10  to  100  H.-P. 


YARYAN  CO.,  41  Park  Row,  New  York,  Eastern  Sales  Agents. 


XIV 


FAIRBANKS' 

Patent  automatic 
CEMent  Testing   Machines 


Descriptive  Circular  of  machines  and  Appliances,  with  Prices, 
Forwarded  on  Application. 


The   Fairbanks  Company, 

311    BROADWAY,    NEW    YORK. 


Pacific  Flush  Tank  Co. 

84  LA  SALLE  STREET,  CHICAGO,  ILL., 

MANUFACTURERS    OF   THE 

FOR  INTERMITTENT  FLUSH  TANKS. 


Used  for  Flushing  Street-Sewers. 

NO  MOVING  PARTS.      NO  JOINTS.      NO  LITTLE  TRAPS. 

RECEIVED  THE  HIGHEST  AWARD  IN  ITS  CLASS  AT  THE  WORLD'S 
COLUMBIAN  EXPOSITION  FOR 

w 

Simplicity  of  Construction,  Effectiveness  and  Reliability.  | 

Salt  Lake  City,  Utah,  December  14,  1897. 
******  Flushing  with  the  hose  is  not  satisfactory  for  the  reason 
that  it  is  expensive,  and  owing  to  the  time  it  takes  to  get  over  the  system  the  laterals  are 
not  flushed  often  enough  to  keep  them  clean.  The  laterals  flushed  by  siphons  are  in  much 
better  condition  than  those  flushed  with  the  hose.  The  Miller  Automatic  Siphons  that 
we  have  put  in  are  giving  entire  satisf action?  and  in  my  opinion  they  are  the  most  efficient 
siphons  in  use.  (Signed)  F.  C.  KELSEY,  City  Engineer. 

EACH  SIPHON  GUARANTEED  ABSOLUTELY. 


§> 


Send  for  Illustrated  Catalogue. 


Union  Bridge  Company. 


CHAELES  MACDONALD, 


ANDEEW  ONDERDONK. 


Civil  Engineers  and  Constructors  of  Bridges,  Tunnels, 
and  Public  Works. 

JOSEPH   MAYER,  Engineer. 


PRINCIPAL    OFFICE, 

No.   I    BROADWAY,   NEW  YORK. 

Cable  Address :  "  Yaraunion,  New  York." 


Works:   ATHENS,  Pa. 
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MINUTES  OF  MEETINGS. 


OF  THE   SOCIETY. 


March  ist,  1899 — The  meeting  was  called  to  order  at  20.30  o'clock; 
Edward  P.  North,  Vice-President,  in  the  chair;  Charles  Warren  Hunt, 
Secretary,  and  present,  also,  69  members  and  11  visitors. 

The  minutes  of  the  meetings  of  February  1st,  10th  and  15th,  1899, 
were  approved  as  printed  in  Proceedings  for  February,  1899. 

A  paper  by  Robert  P.  Woods,  Jun.  Am.  Soc.  C.  E.,  entitled 
"Street  Grades  and  Cross-Sections  in  Asphalt  and  Cement,"  was 
presented  by  the  Secretary,  who  also  presented  a  written  communica- 
tion on  the  subject  from  P.  W.  Henry,  Assoc.  M.  Am.  Soc.  C.  E. 

The  pajser  was  discussed  orally  by  Messrs.  A.  W.  Hankinson,  G. 
W.  Tillson,  James  Owen,  D.  Ulrich,  J.  M.  Evans  and  Edward  P. 
North. 
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Ballots    were   canvassed   and   the   following    candidates   declared 
elected : 

As  Memeers. 

Howard  Judsos  Cole.  New  York  City. 
Chakles  Henby  Cooke.  New  York  City. 
Arthur  Bateman  Cortttfll,  Boston,  Mass. 
John  Chrlstean  Ostrup,  Boston,  Mass. 
Douglas  William  Boss.  Boise.  Idaho. 
Balph  Marten"  Shankland,  Chicago,  111. 
Welliam  Dana  Tateor.  Baton  Rouge,  La. 

As  Associate  Members. 

Charles  Albebtson,  Kobe,  Japan. 

Samuel  Pond  Batbd,  Portsmouth,  Ohio. 

William  Parsons  Boright,  Massena  Springs,  X.  Y. 

Henby  Lawrence  Cleverdon,  Grand  Bapids,  Mich. 

Paul  Davis  Cunningham.  Washington,  D.  C. 

George  Warren  Feller,  Cincinnati,  Ohio. 

Clark  Olds,  Erie,  Pa. 

Nelson  Bowman  Swettzer,  Olympia,  Wash. 

Samuel  Bichards  Thomas,  Hokendauqua,  Pa. 

The  Secretary  announced  the  election  by  the  Board  of  Direction  on 
February  28th,  1899,  of  the  following  candidates: 

As  Juniobs. 

Arthur  Benjamin  Ilsley,  New  Haven,  Conn. 
Frank  Sears  Senior,  Montgomery,  N.  Y. 
Howard  Flanders  Taylor,  Mena,  Ark. 

The  Secretary  announced  that  on  Monday,  March  13th,  1899,  at 
20.30  o'clock,  a  meeting  of  the  Juniors  of  the  Society  would  be  held 
for  the  purpose  of  discussing,  with  the  Committee  on  Publications, 
the  proposition  to  hold  meetings  of  the  Juniors  for  the  reading  and 
discussion  of  papers. 

Adjourned. 

March  i5th,  1899. — The  meeting  was  called  to  order  at  20.40 
o'clock;  Edward  P.  North  in  the  chair;  Charles  Warren  Hunt,  Secre- 
tary, and  jjresent,  also,  80  members  and  19  guests. 

Mr.  Cope  Whitehouse  delivered  a  lecture  on  "The  Reservoirs  of 
the  Nile,"  which  was  illustrated  by  stereopticon  views. 
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The  Secretary  announced    the  death  of  Frederic  Candee  Weie, 
elected  Member  August  7th,  1872;  died  March  1st,  1899;  and  of  Her- 
bert Steward,  elected  Associate  February  6th,  1894;  died  March  4th 
1899. 

The  Secretary  announced  a  meeting  of  the  Juniors  of  the  Society, 
to  be  held  April  12th,  1899,  the  subject  for  informal  discussion  being 
"  The  Duties  and  Kesponsibilities  of  an  Inspector." 

Adjourned. 

OF    THE    BOARD    OF  DIRECTION. 

(Abstract.) 

January  i8th,  1899.— President  FitzGerald  in  the  chair;  Chas. 
Warren  Hunt,  Secretary,  and  present,  also,  Messrs.  Clarke,  Cartwright, 
Bensel,  Deyo,  Fteley,  Haines,  Hering,  North,  Owen,  Ricketts,  Schnei- 
der, Stearns,  Thomson,  Turner,  Whinery  and  Wisner. 

The  following  Standing  Committees  were  appointed: 

Committee  on  Finance.— Samuel  Whtnery,  Chairman;  James  Owen, 
S.  L.  F.  Deyo,  Eobt.  Cartwright,  Henry  Manley. 

Committee  on  Publications.— Edward  P.  North,  Chairman;  John- 
Thomson,  Rudolph  Hering,  H.  S.  Haines.  P.  C.  Ricketts. 

Committee  on  Library.  —Frederic  P.  Stearns,  Chairman  ;  J.  A.  Ben- 
sel, Chas.  Warren  Hunt,  C.  W.  Buchholz,  John  Kennedy. 

The  Secretary  then  withdrew. 

Chas.  Warren  Hunt  was  unanimously  elected  Secretary  for  the 
ensuing  year. 

The  question  of  the  salary  of  the  Secretary  was  considered  and  re- 
ferred to  the  Committee  on  Finance  for  report  to  the  next  meeting  of 
the  Board. 

Mr.  Hunt,  having  been  advised  of  his  re-election,  returned  and  re- 
sumed his  duties  as  Secretary. 

It  was  resolved  that  the  Society  House  be  hereafter  closed  on  Sun- 
day. 

The  matter  of  providing  for  cross-discussion  of  papers  was  con- 
sidered and  referred  to  the  Committee  on  Publications'. 

The  President  was  authorized  to  appoint  a  special  committee  to 
report  on  the  improvement  of  the  acoustics  of  the  Auditorium. 

Adjourned. 

January  31st,  1899 — President  FitzGerald  in  the  chair;  Cbas.  Wat- 
ren  Hunt,  Secretary,  and  present,  also,  Messrs.  Bensel,  Clarke,  Deyo, 
Fteley,  Hering,  Morison,  North,  Owen,  Schneider,  Stearns,  Thomson, 
Turner  and  Whinery. 

The  Committee  on  Finance  reported,  recommending  that  the  salary 
of  the  Secretary  be  fixed  at  $6  000  per  year. 
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It  was  moved  and  seconded  that  the  salary  of  the  Secretary  be  fixed 
at  $6  000  per  annum,  and  that  the  vote  on  this  motion  be  taken  by 
letter  ballot  of  the  whole  Board.     (Carried.) 

The  President  was  authorized  to  appoint  a  committee  to  report  to 
the  Board  on  the  matter  of  the  Paris  Exposition  of  1900. 

The  matter  of  holding  meetings  of  Juniors  was  referred  to  the  Com- 
mittee on  Publications  for  report. 

The  resignation  of  Wm.  H.  Brown,  M.  Am.  Soc.  C.  E.,  was  ac- 
cepted. 

Two  candidates  for  Associate  and  three  for  Junior  were  elected. 
Applications    were  considered  and  other  routine  business  trans- 
acted. 

Adjourned. 

February  28th,  1899. — Vice-President  North  in  the  chair;  Chas. 
Warren  Hunt,  Secretary,  and  present,  also,  Messrs.  Bensel,  Buchholz, 
Deyo,  Hering,  Owen,  Bicketts,  Thomson  and  Turner. 

The  letter  ballot  on  the  motion  to  fix  the  salary  of  the  Secretary  at 
$ 6  000  per  annum  was  canvassed  and  declared  carried  by  a  vote  of  21 
to  7,  the  Secretary  not  voting. 

A  report  from  the  Committee  on  Publications  was  received,  recom- 
mending the  adoption  of  certain  rules  for  the  Acceptance,  Publication 
and  Editing  of  Papers,  Discussion  and  Correspondence. 

The  rules  presented*  were  adopted. 

A  report  was  received  from  the  Committee  on  Library,  stating  the 
progress  made  in  re-classifying  and  indexing  the  Library,  and  asking 
for  an  appropriation  of  $800  for  binding  and  for  the  purchase  of 
books. 

The  request  of  the  Committee  was  granted,  and  $800  appropriated 
for  the  purpose  named. 

A  report  was  received  from  the  Special  Committee  on  the  Paris 
Exposition  of  1900,  and  the  general  subject  considered  at  length. 

The  Committee  of  Arrangements  for  the  Annual  Meeting  of  1899 
made  a  final  report. 

The  President  was  authorized  to  appoint  a  committee  of  the  Board 
and  a  Local  Committee  of  Arrangements  for  the  Annual  Convention. 

Three  candidates  for  Junior  were  elected. 

Applications  were  considered  and  other  routine  business  trans- 
acted. 

Adjourned. 

*  See  p.  71. 
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ANNOUNCEMENTS. 

In  accordance  with  the  resolution  of  the  Board  of  Direction  the 
House  of  the  Society  is  open  every  day,  except  Sunday,  from  9  to 
22  o'clock. 

MEETINGS. 

Wednesday,  April  5th,  1899,  at  20.30  o'clock,  a  regular  meeting- 
will  be  held,  at  which  a  paper  by  L.  M.  Hoskins,  Esq.,  entitled  "  Gen- 
eral Criterion  for  Position  of  Loads  Causing  Maximum  Stress  in  Any 
Member  of  a  Bridge  Truss, "  will  be  presented.  It  is  printed  in  this 
number  of  Proceedings. 

Wednesday,  April  19,  1899,  at  20.30  o'clock,  a  regular  meeting  will 
be  held. 

No  paper  has  been  scheduled  for  this  meeting,  but  there  will  be  an 
informal  discussion  on  a  subject  to  be  announced  later. 


GENERAL  RULES  FOR  THE  ACCEPTANCE  AND  PRESENTATION 

OF    PAPERS    PRESENTED    TO    THE    AMERICAN 

SOCIETY  OF  CIVIL  ENGINEERS. 

Adopted  by  the  Board  of  Direction,  February  28th,  1899. 

1.  Papers  offered  to  the  Society  should  be  sent  to  the  Secretary. 
They  shall  be  considered  by  the  Committee  on  Publications,  and,  if 
accepted,  be  set  down  for  presentation  to  the  Society  at  one  of  its 
regular  semi-monthly  meetings.  The  publication  of  such  papers 
shall  be  in  accordance  with  the  rules  adopted  by  the  Board  of  Direc- 
tion governing  the  publication  of  Papers,  Discussion  and  Correspond- 
ence. 

2.  No  formal  papers  shall  be  set  down  for  presentation  to  the  An- 
nual Convention,  but  in  lieu  thereof  discussion  will  be  asked  for  at 
each  Annual  Convention  and  at  each  Annual  Meeting  on  all  papers 
which  have  been  published  in  Proceedings  during  the  six  months  im- 
mediately preceding  each  of  these  general  meetings. 

3.  Special  subjects  of  engineering  interest  shall  also  be  presented 
for  discussion  at  each  of  these  general  meetings,  and  it  shall  be  the 
duty  of  the  Secretary  to  announce  in  the  usual  Convention  or  Annual 
Meeting  circular  the  papers  which,  under  this  rule,  will  be  open  to 
additional  discussion,  together  with  such  topics  as  may  have  been  sug- 
gested to,  and  approved  by,  the  Committee  on  Publications. 
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GENERAL  RULES  GOVERNING  THE  PUBLICATION  OF  PAPERS, 
DISCUSSION  AND  CORRESPONDENCE,  BY  THE  AMERICAN 
SOCIETY  OF  CIVIL  ENGINEERS. 

Adopted  by  the  Board  of  Direction,  February  28th,  1899. 

1.  Papers  accepted  by  the  Committee  on  Publications  shall  be 
printed  promptly  in  Proceedings  in  advance  of  the  date  set  for  their 
presentation  to  the  Society,  with  a  foot-note  inviting  discussion  and 
correspondence  upon  them. 

2.  Correspondence  on  any  paper,  which  is  received  prior  to  the 
meeting  at  which  the  latter  is  read,  shall  be  presented  to  that  meeting, 
and  shall  be  printed  as  soon  as  possible  in  a  subsequent  number  of 
Proceedings. 

3.  Oral  discussion  shall  be  treated  as  indicated  in  Rule  7  of  "Edito- 
rial Rules  "  and  published  in  Proceedings  as  soon  as  possible. 

4.  The  publication  of  Discussion  and  Correspondence  in  Proceedings 
shall  be  accompanied  by  a  note  stating  that  such  publication  is  a 
l^reliminary  one,  subject  to  changes  and  corrections,  and  further  cor- 
respondence upon  the  subject  shall  be  invited. 

5.  The  discussion  on  any  paper  shall  be  closed  thirty  days  after  the 
preliminary  publication  of  the  discussion  and  correspondence  upon  it, 
and  the  author  may  then  prepare  a  closure,  which  shall  be  printed  in 
a  subsequent  issue  of  Proceedings,  and  one  month  additional  shall  be 
allowed  for  further  correspondence  before  the  Paper,  Discussion  and 
CorresiDondence  shall  be  sent  to  press  for  the  next  Volume  of  Transac- 
tions. Should  any  question  arise  as  to  the  further  continuance  of  any 
discussion,  the  whole  matter  shall  be  reported  by  the  Secretary  to  the 
Committee  on  Publications,  whose  decision  shall  be  final.  In  all  cases 
the  right  of  the  Author  to  final  closure  of  the  discussion  upon  his  paper 
shall  be  maintained. 

EDITORIAL    RULES    FOR  PUBLICATIONS   OF  THE    AMERICAN 
SOCIETY  OF  CIVIL  ENGINEERS. 

Adopted  by  the  Board  of  Direction,  February  28th,  1899. 

1.  In  preparing  all  Papers,  Discussion  and  Correspondence  on 
technical  subjects  for  the  press,  the  third  person  shall  be  used.  The 
contributor  of  a  paper  shall  be  referred  to  as  "the  author,"  a  corre- 
spondent as  "the  writer,"  and  one  who  contributes  to  the  verbal  dis- 
cussion as  "  the  speaker." 

2.  All  redundant  matter,  interrogations  which  the  text  of  the  paper 
renders  needless,  and  sarcastic  forms  of  expression,  shall  be  excluded. 

3.  All  errors  in  orthography  and  grammar  shall  be  corrected.  In 
cases  where  there  are  two  correct  spellings,  that  to  which  preference 
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is  given  by  the  best  authorities  shall,  for  the  sake  of  uniformity,  be 
adopted. 

4.  Ambiguous  or  obscure  statements  shall  be  restated  in  clearer 
form,  care  being  taken,  however,  to  preserve  as  far  as  possible  the  lan- 
guage and  style  of  the  author. 

5.  No  unnecessary  changes  in  wording  shall  be  made. 

6.  Whenever  time  will  permit,  a  proof  of  any  Paper  and  Discussion 
in  which  any  changes,  indicated  in  Rules  4  and  5,  have  been  made, 
shall  be  submitted  to  the  author  before  publication.  But  in  this  con- 
nection it  should  be  borne  in  mind  that  it  is  not  always  possible  on 
account  of  lack  of  time  to  submit  a  proof  and  that  inasmuch  as  the 
first  publication  of  all  discussions  will  be  a  preliminary  one,  necessary 
corrections  may  be  made  before  the  final  issue  in  the  Volumes  of 
Transactions. 

7.  Oral  discussions  shall  be  reported  stenographically.  From  this 
report  a  rearranged  form  of  the  matter  brought  out  by  the  speaker 
shall  be  carefully  prepared  and  forwarded  to  him,  together  with  the 
full  report  of  what  he  was  understood  to  say,  and,  whenever  time  per- 
mits, any  modifications  or  amplifications  of  this  statement  shall  be 
printed  in  Proceedings.  When  it  is  not  possible  to  secure  the  approval 
of  the  speaker  prior  to  this  publication,  he  shall  be  allowed  to  make 
corrections,  changes  or  amplifications  in  his  discussion  before  it  is 
published  in  Transactions. 


The  resolution  of  the  Board  of  Direction,  adopting  the  foregoing 
rules,  provides  that  they  shall  be  published  in  Proceedings,  with  the 
reasons  governing  their  adoption,  in  order  that  the  whole  matter  may  be 
fully  understood  by  the  Membership. 

RULES  FOR  THE  ACCEPTANCE  AND  PRESENTATION  OF 

PAPERS. 

The  effect  of  these  rules  will  be  to  change  the  existing  system  in 
the  following  particulars : 

There  will  be  no  formal  papers  read  at  the  Annual  Convention, 
and  in  lieu  thereof  it  is  provided  that  there  shall  be  a  general  discus- 
sion of  all  papers  published  in  Proceedings  during  the  six  months  im- 
mediately preceding  the  Convention. 

It  is  also  provided  that  a  similar  discussion  shall  be  arranged  for 
at  the  Annual  Meeting,  and  that  at  both  of  these  General  Meetings 
timely  topics  of  technical  interest  shall  be  announced  for  discussion. 
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The  reasons  governing  the  Board  in  the  adoption  of  these  changes, 
briefly  stated,  are: 

1.  Among  the  members  of  the  Society  the  impression  seems  to 
prevail  that  papers  presented  to  the  Society  at  a  Convention  there 
attract  more  attention  and  receive  more  extended  discussion  than  if 
presented  at  one  of  the  regular  semi-monthly  meetings.  This  results 
in  the  withholding  of  papers  until  about  the  time  of  the  Convention, 
and  diminishes  the  number  presented  during  that  part  of  the  year  im- 
mediately preceding  the  month  of  June.  The  value  of  advance  publi- 
cation for  the  purpose  of  eliciting  discussion  is  thereby  diminished,  it 
often  being  found  impracticable  to  secure  papers  enough  even  in 
February  and  March  to  keep  ahead  of  the  regular  meetings. 

2.  The  assumption  that  wider  discussion  of  papers  is  secured  at 
conventions,  is  not  borne  out  by  experience.  If,  as  has  sometimes 
been  the  case,  there  are  many  papers  scheduled  for  the  Convention,  it 
is  difficult  to  allot  time  for  a  proper  discussion  of  each  of  them,  as  it 
cannot  be  foretold  how  much  interest  each  will  excite.  A  member 
wishing  to  discuss  one  of  these  papers  cannot  tell  just  when  it  will 
be  brought  up,  and  he  therefore  must  attend  all  sessions  until  it 
is  considered,  if  he  wishes  to  make  sure  of  presenting  his  views. 
Cases  have  also  been  known,  where,  with  a  long  programme  and  a 
limited  time,  discussions  have  been  hurriedly  closed,  and  proposed 
discussions  inadvertently  excluded. 

3.  It  is  believed  that  the  throwing  open  for  discussion  at  the  Con- 
vention of  all  papers  which  have  been  presented  to  the  Society  during 
the  preceding  six  months,  and  in  addition  providing  timely  topics  of 
engineering  interest  for  general  and  somewhat  informal  discussion, 
will  result  in  adding  life  and  interest  to  this  General  Meeting  which 
is  not  possible  when  formal  papers  alone  are  presented.  It  should 
also  be  remembered,  that  the  new  rule  in  regard  to  prompt  publica- 
tion of  discussion  and  correspondence  will  bring  before  the  Conven- 
tion, not  only  the  paper  itself,  but  the  discussions  to  which  it  has  al- 
ready given  rise. 

4.  The  Annual  Meeting  has  heretofore  been  devoted  entirely  to  the 
Business  of  the  Society,  and  the  new  rule  will,  it  is  believed,  give  to  it 
additional  professional  interest. 

RULES   FOR  THE    PUBLICATION  OF    PAPERS,  DISCUSSION 
AND   CORRESPONDENCE. 

Up  to  January,  1896,  papers  read  before  the  Society  were  not  pub- 
lished in  advance  to  all  Members  of  the  Society.  A  few  extra  copies 
were  printed  which  were  sent  to  such  Members  as  the  Secretary 
thought  might  be  willing  to  discuss  them.  After  presentation  to  the 
Society,  the  paper  was  not  published  until  all  the  discussion,  includ- 
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ing  the  closing  discussion  of  the  author,  had  been  collected.  This 
consumed  much  time,  and  it  was  often  six  months,  and  sometimes 
longer,  before  the  first  publication  of  a  paper.  Under  this  system  80 
or  90,%"  of  the  membership  never  saw  a  paper  until  it  was  published 
with  discussion.  This  was  alike  unfortunate  for  the  author  and  for 
the  membership  in  general. 

Beginning  with  January,  1896,  the  system  was  changed.  All 
papers  were  published  in  Proceedings  in  advance  of  the  date  set  for 
presentation  to  the  Society,  thus  giving  all  members  an  opportunity 
to  take  part  in  the  discussion  of  them,  either  orally  or  by  sending  in  a 
written  communication,  which  is  pi*esented  to  the  meeting. 

There  is  no  doubt  that  this  system  has  worked  well,  but  it  has  be- 
come evident  that  much  additional  interest  would  be  added  to  our 
publications,  if  an  arrangement  could  be  made,  whereby  the  discussion 
and  correspondence  could  be  promptly  placed  before  all  members, 
both  for  the  purpose  of  keeping  them  in  closer  touch  with  the  work 
oi  the  Society,  and  to  elicit  discussion,  not  only  of  the  paper,  but  also 
of  the  discussion  itself. 

A  careful  reading  of  these  rules  will  show  that  the  delay  in  final  issue 
of  papers  in  Transactions  will  not  be  material,  and  that  the  number 
of  volumes  of  Transactions  to  be  issued  annually,  as  well  as  the  date  of 
such  issue,  will  be  dependent  only  on  the  volume  of  printed  matter 
already  published  in  Proceedings. 

EDITORIAL   RULES. 

These  rules  do  not  change  the  methods  now,  and  for  some  time 
past,  in  force  in  the  editorial  work.  They  have  been  formulated  by  the 
Publication  Committee,  and  adopted  and  ordered  printed  by  the  Board 
of  Direction,  for  the  information  of  the  membership. 

It  has  been  found  by  experience  that  the  exclusive  use  of  the  third 
person,  in  papers  and  discussions,  facilitates  whatever  editorial  amend- 
ment, adaptation  or  condensation  may  be  necessary  or  desirable,  and  if 
by  its  use  there  is  any  loss  of  individuality  in  particular  cases,  that 
loss  is  more  than  compensated  by  a  uniformly  impersonal  statement 
of  fact  and  opinion,  which  is  of  great  benefit  to  the  reader  and  student 
of  engineering  literature. 

It  is  believed  that  the  reasons  governing  the  Board  in  the  adop- 
tion of  the  balance  of  these  rules  will  be  evident  without  further 
comment. 

PRELIMINARY   PUBLICATION   OF   DISCUSSION    AND 
CORRESPONDENCE. 

Attention  is  called  to  the  fact  that,  under  the  rules  governing  the 
publication  of  papers,  discussion  and  correspondence,  recently  adopted 
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by  the  Board  of  Direction,*  the  first  preliminary  publication  of  discus- 
sions in  Proceedings  appears  in  this  number. 

The  discussions  thus  published  are:  "Dry  Docks:  Stone  vs.  Wood," 
an  informal  discussion  which  took  place  at  the  meeting  of  Feb- 
ruary 10th,  1899 ;  and  the  discussion  on  the  paper  by  Robert  P« 
"Woods,  Jun.  Am.  Soc.  C.  E.,  entitled  "Street  Grades  and  Cross-Sec- 
tions in  Asphalt  and  Cement,"  presented  at  the  meeting  of  March  1st, 
1899. 

As  stated  elsewhere,  the  purpose  of  this  preliminary  publication  is 
to  bring  out  cross-discussion,  and  communications  relating  to  either  of 
these  subjects  are  invited,  which,  if  received  prior  to  April  22d,  1899, 
will  be  published  in  a  later  number  of  Proceedings ;  and,  subsequently, 
all  such  discussions  will  be  published  with  the  paper  and  the  author's 
closure  in  Transactions. 

CURRENT  TECHNICAL  LITERATURE. 

In  this  number  of  Proceedings  is  printed  for  the  first  time,  a  list 
of  engineering  articles  which  have  appeared  in  various  weekly, 
monthly  and  quarterly  technical  publications  during  the  past  two 
months. 

The  List  does  not  pretend  to  express  any  opinion  as  to  the  value  of 
any  of  the  articles  mentioned,  the  object  in  its  publication  being  merely 
to  call  to  the  attention  of  members  such  of  the  current  literature  as 
would  appear  to  be  of  interest.  Many  members  doubtless  can  find  the 
articles  referred  to,  in  a  local  technical  library,  but  the  list  is  also 
intended  to  give  sufficient  information  to  enable  one  not  so  situated  to 
procure  any  article  promptly  from  its  publisher. 

It  cannot  be  expected  that  such  a  List  shall  be  complete,  but  the 
intention  is,  if  found  to  be  of  sufficient  interest  to  members,  to  con- 
tinue it  every  month.  There  are  many  articles  published  serially, 
references  to  which  would  make  the  list  too  voluminous,  and  all  such 
articles  have  been  omitted. 

*Seep.  71. 
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RECENT    ENGINEERING    ARTICLES    OF     INTEREST. 

Note. — This  list  is  published  for  the  purpose  of  placing  before  the 
members  of  the  Society  the  titles  of  current  engineering  articles,  which 
can  be  referred  to  in  any  available  engineering  library,  or  can  be  pro- 
cured by  addressing  the  publication  directly. 

The  names  and  places  of  publication  and,  wherever  possible,  the 
price  of  each  of  the  journals,  are  given  in  the  following  list  with  a  Roman 
numeral  prefixed.  Wherever  this  numeral  is  found  in  the  subjoined 
list  of  articles,  it  refers  to  the  publication  so  indicated. 

It  is  quite  possible  that  this  list,  which  it  is  intended  to  continue  in 
each  monthly  number  of  Proceedings  if  sufficient  interest  therein  is 
manifested  by  the  membership,  does  not  contain  a  reference  to  every 
interesting  engineering  article.  There  are  many  serials  published  in 
the  technical  press  which  it  would  be  manifestly  impossible  to  index 
from  month  to  month,  and  all  of  these  are  omitted  from  this  list. 

(1)  Journal.  Assoc.   Eng.  Soc.  257  South       (11)  Engineering,  W.  H.  Wiley,  New  York 

Fourth  St.,  Philadelphia.  Pa.,  30c.  City.  35c. 

(2)  Proceedings,  Eng.  Club  of  Phila..  1122       (12)  The   Engineer,    International     News 

Girard  St.,  Philadelphia,  Pa.  Co..  New  York  City,  35c. 

(3)  Journal.  Franklin  Inst..  Philadelphia,       (13)  Engineering  yens.  'New  York   City, 

Pa.,  50c.  15c. 

(4)  Journal.  Western  Soc.  of  Eng..  Mona-       (14)  Engineering  Record.  New  York  City, 

dnock  Block,  Chicago,  111.  12c. 

(5)  Transactions,   Can.  Soc.  C.  E.,  Mon-       (15)  Railroad  Gazette,   New    York    City, 

treal.  Que.,  Can.  10c. 

(6)  School  of  Mines  Quarterly,  Columbia       (16)  Engineering    and    Mining    Journal, 

Univ..  New  York  City,  50c.  New  York  City.  15c. 

(7)  Technology     Quarterly,    Mass.     Inst.       (17)  Street  Railway  Journal,   New  York 

Tech.,  Boston,  Mass.,  75c.  City,  35c. 

(8)  Stevens  Indicator.  Stevens  Institute,       (18)  Railway    and  Engineering    Review, 

Hoboken,  N.  J.,  50c.  Chicago,  111. 

(9)  E)igineering     Magazine.    New    York       (19)  Scientific  American  Supplement,  New 

City.  30c.  York  City,  10c. 

(10)  Cassie7-'s  Magazine,  New  York  City. 
25c. 

A  Stadia  Diagram.    Morris  K.  Trumbull.     (4)  Dec,  1898. 

The  Plant  of  the  Michigan  Portland  Cement  Company,  Cold  water.  Mich.  Bv  Fred- 
erick H.  Lewis,  M.  Am.  Soc.  C.  E.    (14)  Feb.  25. 

Comparative  Tests  of  Different  Forms  of  Cement  Briquettes.  Prof.  Jerome  Sonde- 
ricker.     (1)  Jan..  1899. 

Russian  Portland  Cement  Specifications.     (14)  Feb.  18. 

The  New  Masonry  Dry  Dock  at  Boston.     (14)  Feb.  4. 
Masonry.    George  S.  Morison,  M.  Am.  Soc.  C.  E.     (4)  Dec.  1898. 

The  Theory  and  Design  of  the  Masonry  Arch.  William  H.  Burr.  M.  Am.  Soc.  C.  E.  (6) 
Nov.,  1898. 

The  New  Croton  Dam.     (14)  Jan.,  7. 

The  Castlewood  Rock-fill  Dam  and  the  Canal  of  the  Denver  Land  and  Water  Company. 
W.  P.  Hardesty.     (13)  Feb.  9. 

The  Viaduct  of  Mungsten.     (12)  Jan.  20. 

A  Melan  Concrete  Steel  Railroad  Bridge.     (15)  March  3. 

Concrete  and  Expanded  Metal  Highway  Bridge  Construction  in  Allegheny  Co.,   Pa. 

(13)  Jan.  26. 
The  Old  and  New  Suspension  Bridges  over  the  Niagara  'River  at  Lewiston,  N.  Y.     (13) 

Jan.  12. 
A  Concrete  Arch  Bridge  with  Granite  Hinges.     (13)  Feb.  16. 
Standard  Specifications  for  Steel.    William  R.  Webster.     (9)  March.  1899. 
The  "  Main  Gut  '*  Lift   Span  on  the  Northern  and  Western  Railway,  Newfoundland. 

W.  Chase  Thomson.  (5)  Vol.  xii.  Part  i. 
The  Protection  of  Metal  Work.  (14)  Jan.  7. 
Tests  of  Bridge  Paint.    Ira  O.  Baker.     (15)  March  10. 
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Pennsylvania  Avenue  Subway  and  Tunnel.    George  S.  Webster,  M.  Am.  Soc.  C.  E.     (2) 

Feb.,  1899. 
Passenger  Lift  Equipment  for  the  Central  London  Railway.     (11)  March  3. 
A  New  General  Formula  for  Train  Resistance.     ( 17)  Feb.,  1899. 
Office  System  Engineering  Department   of   Elevated    lines,   Boston   Elevated  Railway 

Company.     (14 »  Jan.  21. 
Train  Resistance.    John  Balch  Blood.     (17)  March,  1899. 
A  New  Train  Resistance  Formula.     (17)  Feb.,  1899.    (15)  Feb.  17. 
Formulas  for  Locating  Frogs.    Malverd  A.  Howe.     (15)  March  10. 
Heavier  Rails  for  Railroads  Laid  with  Flange  Rails,  C.  P.  Sandberg.     (15)  Feb.  10. 
Results  Obtained  in  the  Past  Fifteen  Years  with  Stiff  and  Heavy  Rail  Sections.  P.  H. 

Dudley.     (13)  March  2. 
Elevation  of  the  L.  S.  &  M.  S.,  and  the  C.  R.  I.  &  P.  Railways.    Marvin  H.  Dey.       (4) 

Dec.  1898. 
The  Manning  Improved  Rail.    W.  T.  Manning,  M.  Am.  Soc.  C.  E.     (15)  Jan.  27. 
The  New  Railroad  Laboratory  at  Purdue  University.     (15)  Jan.  20. 
Track  Elevation  of  the  Pittsburg,  Ft.  Wayne  &  Chicago  Railway.    W.  H.  Coverdale.   (4) 

Dec,  1898. 
Track  Elevation  of  the  St.  Charles  Air  Line.     H.  W.  Parkhurst.     (4)  Dec,  1898. 
Joint  Track  Elevation  and  Depression  at  Sixteenth  and  Clark  Streets.     G.  W.  Vaughn, 

M.  Am.  Soc.  C.  E.     (4)  Dec,  1898. 

Sea  Encroachments  and  Case  Groynes.    (11)  Jan.  27. 
Rock  Blasting  Under  Water.     (19)  Jan.  7. 
By-Pass  Channel  for  the  Chicago  River.     (13)  Feb.  16. 

Ten-Yard  Clam-Shell  Dredge  for  the  Buffalo,   N.  Y.,  Breakwater  Construction.     (13) 
Feb.  2. 

The  Clarification  of  River  Waters.    Allen  Hazen.    Assoc.  M.  Am.  Soc.  C.  E.    (3)  March, 

1899. 
Meters.    W.  C.  Brough.     (5)  Vol.  xii.    Part  i. 

The  Venturi  Water  Meter.    Clemens  Herschel,  M.  Am.  Soc.  C.  E.     (10)  March,  1899. 
Movement  of  Water  Mains  in  connection  with  Pennsylvania  Avenue  Subway  Work. 

Allen  J.  Fuller.     (2)  Feb.,  1899. 
The  Reconstruction  of  the  York,  Pa.,  Water  Supply.    John  Birkinbine.    (2)  Feb.,  1899. 
A  Photographic  Study  of  Fire  Streams.    (14)  Feb.  18. 
New  Duluth  Water- Works.     (14)  Jan.  21. 

An  Improved  Filter  for  Microscopical  Water  Analysis.  Daniel  D.  Jackson.  (7)  Dec,  1898. 
The  Berwyn,  Pa.,  Sand  Filter.     (14)  March  11. 

The  Hydraulic  Laboratory  of  Cornell  University.     (13)  March  2.     (14)  March  4. 
The  Hydraulic  Laboratory  at  McGill.    Prof .  H.  T.  Bovey  and  J.  T.  Farmer.     (5)  Vol.  xii, 

Part  i. 
Low-Water  Measurements  in  the  State  of  California  DuriDg  the  Summer  of  1898.    J.  B. 

Lippincott.     (13)  Jan.  12. 
Further  Experiments  on  the  Character  of  Fluid  Motion.    Prof.  H.  S.  Hele-Shaw.    (12) 

Jan.  27. 
Possibilities  of  Economy  in  Pumping  Engines.     (14)  Jan.  28. 
The  Present  Status  of  the  Centrifugal  Pump.    Henry  P.  Jones.     (13)  March  9. 
Duty  Trial  of  a  30  000  000-Gallon  Pump  at  Buffalo,  N.  Y.     (14)  March  4. 

Sewage  Disposal.    Harry  de  B.  Parsons.    M.  Am.  Soc.  C.  E.     (8)  Jan.,  1899. 

Aerial  Ropeway  at  London  Portland  Cement  Company's  Works.     (11)  Feb.  24. 
The  Production  of  Metallic  Tubes  by  Extrusion.    (11)  Jan.  6.     (16)  March  4. 
Structural  Features  of  the  Enlarged  Standard  Building,  New  York  City.     (14)  Feb.  25. 
Methods  of  Testing  Paving  Brick.     (14)  March  4. 

Water  Power  Plants  with  Long  Distance  Electric  Transmission  in  Southern  California. 
C.  E.  Fowler,  M.  Am.  Soc  C.  E.     (13)  March  9. 
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LIST  OF   MEMBERS. 


ADDITIONS. 
MEMBEKS.  _.    ,         . 

Date  of 
Membership 

Cole,  Howabd  Jcdson 50  Wall  St.,  New  \  Assoc.  M.  Jan.    6,  1892 

York  City j               M.  Mar.  1,  1899 

Cobthell,  Aethue  Bateman 220    South   Station,   Boston, 

Mass Mar.  1,  1899 

Kiekpateick,  Walteb  Gill City     Engineer,  >  Assoc.  M.  April  6,  1892 

Jackson,  Miss,  j               M.  Oct.    5,  1898 

Osteup,  John  Cheistian Designing  Eng.,  ] 

Boston      Ele-   I 

vatedRy.Co.,    ^ssoc.  M.  Mar.  4,  1896 

101  Milk   St.,    I  M-     Mar-  L  1899 

Boston,  Mass.  J 

Shankland,  Ralph  Maetin 816  Rookery  Bldg.,  Chicago, 

111 Mar.  1,  1899 

Tayloe,  William  Dana St.  L.,  P.  &  N.  R.  R.,  Secur- 
ity Bldg.,  St.  Louis,  Mo. . .     Mar.  1,  1899 

ASSOCIATE  membees. 

Andkos,  Feedeeic  William Res.   Eng   of  C.   &   P.   Ry., 

Apartado  46,    Chihuahua, 

Mex Feb.   1,  1899 

Boeight,  William  Pabsons 34    West     Con-   I 

gress  St.,  care   !  Jun.     Jan.  2,   1894 

ofU.  S.  D.W.,    |   Assoc.  M.     Mar.  1,  1899 
Detroit, Mich.  J 

De  Witt,  Elmoee Lock  Box  183,  Steelton,  Pa..     Oct.    5,  1898 

Fullek,  Geoege  Waeeen East  Court  and  Martin  Sts. , 

Cincinnati,  Ohio ...     Mar.   1,  1899 

Sweitzee,  Nelson  Bowman Examiner        of  1 

Surveys,  Gen-   ,  Jun-     peb.28,  1893 

eral    Land   'r  Assoc.  M.     Mar.  1,  1899 
Office,  Wash-   j 
ington,  D.  C.  j 

Thomas,  Samuel  Richabds M.  M.  and  Eng.,  ~\ 

Ironton  R.  R.,    I  Jun.     Oct.    4,  1892 

Hokendauqua,    [  Assoc.  M.     Mar.  1,  1899 
Pa  j 


Geaham,  William  Woodman Care   of  Messrs.    Stalknecht, 

Durango,  Mex Dec.   6,  1«98 
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JUNIOES. 

Date  of 

Goodbidge,  John   Wesley 981    Greene  Ave.,   Brooklyn,       Membership. 

N.  Y Oct.    4,  1898 

Ilsley,  Abthub  Benjamin Chf.  Engr's.  Office,  N.  Y.,  N. 

H.  &  H.  R.R.,  New  Haven, 

Conn Feb.  28,  1899 


CHANGES    AND    COERECTIONS. 


MEMBEKS. 

Beahan,  Willakd Div.  Eng.  L.  V.  R.  B.,  Easton,  Pa. 

Belknap,  William  Ethelbebt.  .  .Dept.    Docks   and   Ferries,    Pier    A,    North 

Kiver,  New  York  City. 
Blackford,  Fbancis  Webster  . .  .Civil  and  Mining  Engineer,  Butte,  Mont. 
Booth,  William  Heney .  Clevedon,  Chatsworth  Boad,  West  Norwood, 

London,  S.  E.,  England. 

Clark,  Geobge  Huntington Gen.     Mgr.,    Birmingham     Traction     Co., 

Birmingham,  Ala. 

Coe,  William  Watson N.  &  W.  By.  Co.,  Radford,  Va. 

Craig,  Chambees  McKibbin P.  0.  Box  39,  Savannah,  Ga. 

De  Witt,  Philip  Hoffecker Bes.  Eng.,  Rutland  Canadian   R.  R.,  South 

Hero,  Vt. 
Eaton,  Feedeeick Mayor's    Office,    City    Hall,    Los    Angeles, 

Cal. 

Feench,  James  Benton East  Berlin,  Conn. 

Giffoed,  Geoege  E The  King  Bridge  Co.,  501  Fifth  Ave.,  New 

York  City. 
Hudson,  John  Rogees Company  B,    3d   Regt.,    U.   S.   Vol.  Eng., 

Pinar  Del  Rio,  Cuba. 
Jackman,  Howard  Hill Eng.  Chge.  of  Constr.,  N.  E.  Lake  Tunnel; 

Dept.  Public  Works,  1529  West  Adams  St., 

Chicago,  111. 

Mead,  Daniel  Webstee  605  First  Natl.  Bank  Bldg.,  Chicago,  111. 

Ockeeson,  John  Augustus Fullerton  Bldg.,  St.  Louis,  Mo. 

Phillips,  Hieam Cons.  Eng.,  525-526   Lincoln  Trust  Bldg., 

St.  Louis,  Mo. 
Ruggles,  William  Bureoughs.  .  .   Care   of  Dept.    of    Matanzas,  U.  S.  Army, 

Matanzas,  Cuba. 
Shieeeffs,   Reuben Chf.    Eng.,    Virginia    Electrical    Ry.    and 

Development  Co.,  Richmond,  Va. 
Sooysmith,  Chaeles Pres.,  Sooysmith  &  Co.,  Cons,  and  Contr. 

Engrs.,  Empire  Bldg.,  71  Broadway,  New 

York  City. 
Teeadwell,  Lee Care  of  Engineering  Contract  Co.,  Empire 

Bldg.,  71  Broadway,  New  York  City. 


Affairs.]   LIST  OF   MEMBERS — CHANGES  AND   CORRECTIONS.  81 

ASSOCIATE    MEMBERS. 

Alderman,  Charles  Aldo Eng.,  Dayton,  Springfield  and  Urbana  Elec- 
tric Ry.,  Springfield,  Ohio. 

Barnsley,  George  Thomas Care  of  Allegheny  Valley  Ry.  Co.,  Oakmont, 

Allegheny  Co.,  Pa. 

Brown,  Wendell  Phillips Care  of   The  King  Bridge  Co.,   Cleveland, 

Ohio. 

Deans,  Charles  Herbert Care   of    Chas.    Sooysmith,   Empire  Bldg., 

71  Broadway,  New  York  City. 

Himes,  Albert  James Care  of  U.  S.  Board  of  Engineers  on  Deep 

Waterways,  34  West  Congress  St.,  Detroit, 
Mich. 

Houston,  John  Jay  Lafayette.  .  .Civil  Eng.,  C.  &  N.  W.  Ry.,  Boone,  Iowa. 

Howard,  Charles  Pope Cedarsburg  P.  O.,  Wyoming  Co.,  W.  Va. 

Jarrett,  Edwin   Seton Eng.,    Engineering    Contract    Co.,  Empire 

Bldg,,  71  Broadway,  New  York  City. 

Wolverton,  Irving  Mason Care  of  The  Mt.  Vernon  Bridge  Works,  Mt. 

Vernon,  O. 

juniors. 

Aubyansen,  Frederick 5  Bowling  Green,  New  York  City. 

Belden,  Edgar  Tweedy Care  of  Chas.  Warner  Co.,  66  Maiden  Lane, 

New  York  City. 

Belzner,  Theodore S.  W.  cor.  Southern  Boulevard  and  Webster 

Ave.,  Bedford  Park,  New  York  City. 

Edwards,  Frederick 369  Congress  St.,  Troy,  N.  Y. 

Russell,  Richard  Lord Care  of  Brooklyn  Heights  R.  R.,  168  Mon- 
tague St.,  Brooklyn,  N.  Y. 


DEATHS. 

Michie,  William  Roberts Elected   Junior   Feb.   28th,   1893;  Associate 

Member  Oct.    7th,    1896;    died  Feb.    2d, 

1899. 
Steward,  Herbert Elected    Associate   Feb.    6th,    1894;     died 

March  4th,  1899. 
Weir,  Frederic  Candbe Elected  Member  Aug.  7th,  1872;  died  March 

1st,  1899. 
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BOOK  NOTICES. 


THE  MICROSCOPY  OF  DRINKING  WATER. 

Bv  George  Chandler  Whipple.  First  Edition.  Cloth,  9x6  ins., 
300  pp.     New  York,  John  Wiley  &  Sons,  1899. 

This  book  is  intended  to  serve  as  a  guide  to  the  water  analyst  and  the  water-works 
engineer,  and  to  stimulate  a  greater  interest  in  the  study  of  microscopic  aquatic  life 
and  general  limnology,  from  the  practical  and  economic  standpoint.  The  work  is  ele- 
mentary in  character.  Headings  of  chapters  in  Part  I  are:  Historical:  Object  of  the 
Microscopical  Examination:  Methods  of  Microscopical  Examination:  Microscopic 
Organisms  in  Water  from  Different  Sources:  Limnology:  Geographical  Distribution  of 
Microscopic  Organisms;  Seasonal  Distribution  of  Microscopic  Organisms:  Horizontal 
and  Vertical  Distribution  of  Microscopic  Organisms:  Odors  in  "Water  Supplies:  Storage 
of  Surface  Water:  Storage  of  Ground- Water:  Growth  of  Organisms  in  Water  Pipes. 

Part  II  contains  the  Classification  of  Microscopic  Organisms. 

The  work  contains  19  plates  and  21  figures  and  diagrams  in  the  text.  There  are 
appendices  on:  Collection  of  Samples;  Tables  and  Formulas:  Bibliography  and 
Glossary. 

SEWERAGE. 

The  Designing,  Construction  and  Maintenance  of  Sewerage  Sys- 
tems. Bv  A.  Prescott  Folwell,  M.  Am.  Soc.  C.  E.  First  Edition. 
Cloth,  9x6  ins.,  372  pp.     New  York,  John  Wiley  &  Sons,  1898. 

The  author  has  endeavored  to  embody  the  most  recent  data  and  ideas  relating  to 
Sewerage.    Sewage  Disposal  is  only  briefly  considered. 

The  subject  is  subdivided  as  follows: 

Parti,  Designing:  System  to  be  Employed:  Sewage  Disposal;  Amount  of  Sewage; 
Flow  in  Sewers;  Flushing  and  Ventilation:  Collecting  the  Data;  The  Design;  Detail 
Plans;  Specifications,  Contract.  Estimate  of  Cost. 

Part  II,  Construction:  Preparing  for  Construction;  Laying  Out  the  Work;  Over- 
sight and  Measurement  of  Work:  Practical  Sewer  Construction. 

Part  III.  Maintenance:  House  Connections  and  Drainage:  Sewer  Maintenance. 

The  book  contains  24  tables  and  is  illustrated  with  12  plates  and  36  figures  in  the 
text.    Twelve  pages  are  devoted  to  an  index. 


EXAMINATION     OF      WATER     (CHEMICAL     AND     BACTERIO- 
LOGICAL). 

Bv  William  P.  Mason.  First  Edition.  Cloth,  7x5  ins. ,  135  pp. 
New  York,  John  Wiley  &  Sons,  1899. 

Knowledge  of  ordinary  quantitative  analysis  is  here  assumed:  therefore  the  merest 
suggestions  are  given  for  determination  of*  the  mineral  matters  present  in  a  water, 
while  the  items  properly  lying  within  the  scope  of  a  sanitary  examination  are  dealt  with 
more  at  length. 

Of  bacteriology  only  so  much  is  touched  upon  as  has  been  demonstrated  to  be  of 
real  service  to  the  water  examiner. 

Contents  are:  Chemical  Examination  of  Water:  Bacteriological  Examination  of 
Water. 
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GENERAL   CRITERION   FOR  POSITION  OF  LOADS 
CAUSING   MAXIMUM  STRESS  IN  ANY  MEM- 
BER OF  A  BRIDGE  TRUSS. 


By  L.  M.  Hoskins,  Esq. 
To  be  Presented  Apkil  5th,  1899. 


The  most  dangerous  load  to  which  a  railway  bridge  is  subjected 
consists  of  a  somewhat  irregularly  distributed  series  of  train  weights, 
applied  to  the  track  at  the  points  of  contact  of  the  wheels,  and  to  the 
trusses  at  the  points  of  support  of  the  track  system.  The  actual  dis- 
tribution of  such  a  load  among  the  joints  of  the  trusses  is  in  some 
degree  uncertain;  some  assumption  must  be  made  before  the  problem 
of  computing  stresses  becomes  determinate.  In  view  of  this  uncer- 
tainty, some  engineers  prefer  to  simplify  the  problem  by  replacing 
the  actual  load  by  an  "equivalent  uniform  load,"  or  by  a  series  of 
equal  panel  loads,  or  by  some  combination  of  these.  Others  believe 
that  a  closer  approximation  to  actual  conditions  is  obtained  by  using 
a  series  of  concentrated  loads  representing  as  nearly  as  possible  the 
actual  weights  carried  by  the  wheels  of  the  locomotives  and  cars,  and 
assuming  each  load  to  be  applied  to  the  truss  as  if  carried  by  a  simple 
beam  supjjorted  at  the  two  adjacent  panel  joints. 

Note.— These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published  in  a 
subsequent  number  of  Proceedings,  and,  when  finally  closed,  the  papers  with  discussion 
in  full  will  be  published  in  Transactions. 
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It  is  no  part  of  the  object  of  this  paper  to  consider  the  relative 
merits  of  these  different  assumptions.  The  results  of  the  following 
discussion,  although  especially  useful  in  treating  the  case  of  actual 
wheel  loads,  are  wholly  general,  so  far  as  the  character  of  the  load 
series  is  concerned.  This  paper  is  offered  as  a  contribution  toward 
the  unification  of  the  theory  of  maximum  stresses  due  to  moving  loads. 

This  theory,  with  applications  to  the  various  cases  of  practical  im- 
portance, is  quite  fully  treated  in  manuals  and  text-books,  and  in 
special  papers  dealing  with  particular  methods.*  The  problem  pre- 
sents no  serious  difficulties  of  principle,  but  the  treatment  usually 
given  lacks  generality.  This  is  especially  true  of  that  part  of  the 
theory  which  deals  with  the  criterion  for  position  of  loads  causing 
maximum  stress,  a  special  analysis  being  commonly  given  for  each  of 
a  number  of  particular  eases.  From  this  lack  of  generality  arises  the 
chief  difficulty  in  applying  the  rules  deduced.  The  use  of  a  special 
rule  or  formula  in  each  of  a  number  of  cases,  each  involving  a  special 
notation,  is  likely  to  prove  confusing,  even  when  each  case  in  itself  is 
sufficiently  simple. 

In  the  endeavor  to  generalize  the  treatment  of  this  problem,  the 
author  was  led  to  a  result  simple  in  form  and  easily  applicable  to  the 
various  particular  cases.  By  the  use  of  a  simple  general  notation, 
the  criterion  for  maximum  stress  assumes  the  same  form  for  all  mem- 
bers, whatever  their  position  in  the  truss. f  The  deduction  of  this 
general  criterion,  with  examples  illustrating  its  application  in  various 
cases,  is  the  object  of  the  discussion  which  follows. 

Genekality  of  the  Discussion. 
It  will  be  well  to  make  clear  at  the  outset  the  exact  degree  of  gener- 
ality of  the  discussion. 

As  regards  form  of  truss  and  choice  of  member,  there  is  no  restric- 

*  "  The  Stresses  in  Framed  Structures,"  by  A.  Jay  Du  Bois. 

'•  The  Theory  and  Practice  of  Modern  Framed  Structures,"  by  J.  B.  Johnson,  C.  W. 
Bryan  and  F.  E.  Turneaure. 

"  Text- Book  on  Roofs  and  Bridges,"  by  Mansfield  Merriman  and  H.  S.  Jacoby. 

11  On  the  Calculation  of  the  Stresses  in  Bridges  for  the  Actual  Concentrated  Loads," 
by  George  F.  Swain.     Transactions,  Am.  Soc.  C.  E.,  Vol.  xvii  (1887). 

"  A  New  Graphical  Solution  of  the  Problem,  What  Position  a  Train  of  Concentrated 
Loads  Must  Have  in  Order  to  Cause  the  Greatest  Stress  in  Any  Given  Part  of  a  Bridge 
Truss  or  Girder,"  by  Henry  T.  Eddy.     Transactions,  Am.  Soc.  C.  E.,  Vol.  xxii  (1890). 

+  The  general  formula  expressing  this  criterion  was  given  by  the  author  in  a  paper 
presented  to  the  Wisconsin  Academy  of  Sciences,  Arts  and  Letters,  in  December,  1893, 
and  published  in  Vol.  x  of  the  Transactions  of  the  Academy.  The  proof  there  given, 
though  rigorous,  was  less  simple  than  that  now  offered.  A  third  proof,  based  upon  a 
general  graphical  treatment  ot  the  problem,  and  depending  upon  elementary  properties 
of  the  funicular  polygon,  is  given  in  the  author's  "  Elements  of  Graphic  Statics,"  Re- 
vised Edition  (1899). 
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tion,  except  that  the  stress  must  be  "simply  determinate."  By  this 
it  is  to  be  understood  that  the  member  under  discussion  may  be  taken 
as  one  of  three,  through  which  a  section  may  be  passed  completely 
dividing  the  truss.  Figs.  1  to  6  show  six  cases  to  which  the  analysis 
applies,  the  member  under  consideration  being  in  every  case  marked 
k,  and  the  section  dividing  the  truss  being  represented  by  a  broken 
line. 

As  regards  the  load  series,  this  may  consist  of  any  distributed  or 
concentrated  loads.  A  concentrated  load,  however,  is  to  be  regarded 
as  distributed  over  a  finite,  though  short,  horizontal  length.  This  does 
not  limit  the  discussion,  so  far  as  practical  applicability  is  concerned, 
since  the  concentrated  loads  of  practice  do,  in  fact,  act  in  the  manner 
assumed.  A  concentrated  load,  in  the  strict  mathematical  sense  (a 
finite  load  applied  at  a  mathematical  point),  has  only  an  ideal  exist- 
ence. Even  such  ideal  loads  may  be  regarded  as  limiting  cases  of  dis- 
tributed loads,  and  there  is  no  difficulty  in  giving  a  discussion 
rigorously  applicable  to  such  an  ideal  load  series.  But  the  language 
used  in  the  following  analysis  is  exact  only  when  such  ideal  concen- 
trated loads  are  excluded. 

Definitions  and  Notation. 

Stress  Moment  and  Moment  Center. — Suppose  the  stress  in  any  mem- 
ber to  be  determined  by  the  "  method  of  moments."  For  this  purpose 
the  truss  is  conceived  to  be  divided  by  a  section  cutting  the  member  in 
question  and  two  others;  the  intersection  of  the  axial  lines  of  these  two 
is  taken  as  the  origin  of  moments  in  applying  the  equation  of  equilib- 
rium  to  either  of  the  two  parts  of  the  truss.  Let  this  origin  be  called 
the  moment-center  for  the  member  under  consideration,  and  let  the 
moment  of  the  required  stress,  with  respect  to  this  origin,  be  called 
the  stress-moment.  Numerically,  the  value  of  the  stress-monent  is 
equal  to  the  sum  of  the  moments  of  the  external  forces  acting  upon 
either  of  the  two  portions  into  which  the  truss  is  divided  by  the  sec- 
tion; algebraically,  two  cases  are  to  be  distinguished  by  the  signs  plus 
and  minus.  Calling  clock-wise  rotation  negative,  let  the  stress- 
moment  be  called  positive  when  it  resists  a  tendency  of  the  left-hand 
portion  of  the  truss  to  rotate  negatively,  and  of  the  right-hand  portion 
to  rotate  positively,  with  reference  to  the  moment-center. 

The  kind  of  stress  in  any  member  may  be  determined  by  inspection 
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of  the  truss  diagram,  when  the  sign  of  the  stress-moment  and  the  posi- 
tion of  the  moment-center  are  known. 

Notation. — Of  the  three  members  cut,  in  dividing  the  truss,  one 
"belongs  to  the  chord  at  whose  joints  the  moving  loads  are  applied  to 
the  truss.  Let  the  ends  of  this  member  be  designated  in  all  cases  by 
C  and  D',  and  let  A'  and  B'  be  the  points  of  support  of  the  truss. 
Let  the  moment-center  for  any  chosen  member  be  designated  by  F'. 
Projecting  the  five  points  A',  B',  C,  D'  and  F'  upon  a  horizontal  line, 
let  their  projections  be  marked  A,  B,  C,  B  and  F.  The  relative  posi- 
tions of  these  points  in  each  of  several  cases  are  shown  in  Figs.  1  to  6, 
the  member  whose  stress  is  under  consideration  being  in  every  case 
marked  k. 

Let  A  B  =  I,  A  F  =  q,  FB  =  l2; 
CD  =  n,  CF  =  nv  FD  =  n,. 

Let  the  signs  of  the  four  quantities  /l5  l2,  nx  and  n2,  conform  to  the  order 
of  the  letters  used  in  defining  them,  the  positive  direction  being  from 
left  toward  right.  Thus  q  and  l2  are  both  positive  if  F  falls  between 
A  and  B ;  ?q  and  n2  are  both  positive  if  F  falls  between  C  and  D.  In 
all  cases  q  +  I,  =  I  and  nx  -f-  n2  =  n. 

Let  the  load  per  unit  length  at  any  point  be  denoted  by  w.  The 
only  restriction  as  to  the  value  of  w  is  that  it  shall  be  either  finite  or 
zero  at  every  point.  The  only  case  thus  excluded  is  that  of  ideally 
concentrated  loads  above  mentioned.  At  the  point  of  application  of 
an  actual  concentrated  load  w  becomes  very  great,  but  not  infinite. 

Let  the  values  of  w  at  A,  B,  Cand  D,  respectively,  be  denoted  by 
wa,  wb,  wc  and  wd. 

Let  W  =  total  load  on  the  span  A  B ; 
Q  =  "  "     "  panel  CD; 

/>!=  «  "    AC; 

P2=  "  "    DB. 

Identically,  W=  Px  +  P2  +  Q- 

Deduction  of  Criterion  for  Maximum  or  Minimum  Stress. 

In  the  following  analysis,  direct  reference  will  be  made  to  the  case 
shown  in  Fig.  1,  in  which  the  four  quantities  q,  l2,  ?q  and  n2  are  all 
positive.  It  will  be  seen,  however,  that  the  reasoning  applies  to  any 
of  the  cases  shown  in  Figs.  2  to  6  if  regard  be  had  for  algebraic  signs. 


Papers.]    HOSKINS  ON  POSITION  OF  LOADS  ON  A  BRIDGE  TRUSS.      73 

.1/ 


Fat  v. 


-Mj(—  co)---  — »k— n— - 

-nr+cc)  -- 


Fig.  4. 


Fig.  6. 


74      HOSKINS  ON  POSITION  OF  LOADS  ON  A  BRIDGE  TRUSS.    [Papers. 

Value  of  Stress-Moment. — The  magnitude  of  the  resultant  load  on 
AC  is  Px;  let  the  distance  of  its  line  of  action  from  A  be  pv  Similarly, 
let  P2,  the  resultant  of  the  loads  on  DB,  act  in  a  line  distant  ^2from  B; 
and  let  Q,  the  resultant  of  the  loads  on  CD,  act  in  a  line  distant  qx 
from  C  and  q2  from  D. 

The  stress-moment  due  to  Px  may  be  found  by  applying  the  prin- 
ciples of  equilibrium  to  the  portion  of  the  truss  at  the  right  of  the 

P  p 

section  MN  (Fig.  1).     The  reaction  at  B  is  — -— ;  the  moment  of  this 

reaction  with  respect  to  the  moment-center  is  -4-{P\P\),  which  is  there- 
fore the  value  of  the  stress-moment  due  to  Pv 

The  stress-moment  due  to  P2  is  found  in  a  similar  manner,  by  con- 
sidering the  equilibrium  of  the  portion  of  the  truss  to  the  left  of  the 

section  MN;  the  value  being  -j-  (P2p2). 


\-Pr{pi      !«--*-.4-*»-H i 


p, 


F              ,D  'B 
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Fig.  7. 
Of  the  load  Q,  the  portion   sQ-  is  applied  to  the  truss  at  C,  and 

the   portion  -z-Q  at  D.     The  effect  of  the  former  is  found  as  in  the 

n 

case  of  Pj;  lx  —  ??j  taking  the  place  of  p1  and  — ,  the  place  of  P,;  the 

stress-rnoment  due  to  this  part  of  Q  is  therefore  — ''   2     {Qq2)* 

while  the  stress-monent  due  to  the  portion  at  D,  determined  as  in  the 

case  of  P.„  is  in  like  manner  found  to  have  the  value  — ^—±  (Qq<). 

nl 

These  values  are  all  positive  in  the  case  shown  in  Fig.  1. 

The  stress-moment  due  to  the  total  load  on  the  truss  is  the  sum  of 

these  four  quantities,  or 

*-*<**)  +   •$•(*.*)    +.&=#*(«*)    + 
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Change  of  Stress- Moment  Due  to  Small  Displacement  of  Loads.  —  Let 
the  load-series  receive  a  small  displacement  8  x  toward  the  left  (this 
being  taken  as  the  positive  direction  for  displacements),  and  let  8  M 
denote  the  resulting  increment  in  the  value  of  M.  To  compute  8  Mit 
is  necessary  to  determine  the  increments  of  the  four  quantities  P\PX, 
P2p2,  $<?iand  Qq>.  Of  these  quantities,  the  first  is  the  moment  of  Px 
with  respect  to  A,  the  second  is  the  moment  of  P2  with  respect  to  B, 
the  third  is  the  moment  of  Q  with  resji>ect  to  C,  and  the  fourth  is  the 
moment  of  Q  with  respect  to  D. 

During  the  displacement,  loads  wa  8  x,  w0  8  x,  wc  8  x  and  wa  8  x  pass 
the  points  A,  B,  C  and  D,  respectively. 

After  the  displacement,  the  load  which  has  replaced  P,  is  the  re- 
sultant of  three  components,  as  follows:  (1)  The  original  load  Pv  acting 
in  a  line  distant  px  —  <5  x  from  A,  (2)  a  load  wc  8  x  acting  just  at  the  left 
of  C,  this  being  the  amount  of  load  which  passes  C  during  the  dis- 
placement, and  (3)  a  negative  load  equal  to  wa  8  x,  acting  just  at  the 
left  of  A,  this  being  the  amount  of  the  load  which  passes  off  the  truss 
at  A  during  the  displacement.  The  new  value  of  Px  px  is  the  sum  of 
the  moments  of  these  three  components  with  respect  to  A.  Therefore, 
neglecting  powers  of  <5  x  higher  than  the  first,  we  have,  as  the  value  of 
Px  pv  after  the  displacement,  Px  (/>,  —  8  x)  +  wc  (h  —  n\)  $  x- 

Similarly,  the  load  which  has  replaced  P.2  is  the  resultant  of  a  load 
P2  acting  at  a  distance  p2  -i-  8  x  from  B,  a  load  w6  8  x  acting  just  at  the 
left  of  B,  and  a  negative  load  wn  8  x  acting  just  at  the  left  of  D.  The 
new  value  of  P2  p2  is  the  sum  of  the  moments  of  these  three  compo- 
nents about  D,  or  P2  (p2  4-  8  x)  —  wd  (l2  —  n2)  8  x. 

Similar  reasoning  gives  for  the  new  values  of  Q  qx  and  Q  q2, 
Q  {ql—  8  x)  +  wa  n  8  x  and  Q  (q2  +  8  x)  —  wcn  8  x. 

The  value  of  M  after  the  displacement  is,  therefore, 

jf+«jtf=![p1(ft-s*)J+i[p!(i,2+s*)] 

he  terms  involving  wc  and  ird  disappearing  from  the  simplified  result. 
The  increment  of  M caused  by  the  displacement  is 

)ividing  by  8  x  and  passing  to  the  limit,  8  x  approaching  zero, 
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^  =  i(P2+^e,_i(P1  +  ^) (2) 

Condition  for  Maximum  or  Minimum  Stress. — The  condition  for  maxi- 
mum   or   minimum  value  of  M  (and  therefore  also  of  the  stress),  is 

dM     „,.,-. 

— — -  =  0  ;  which  gives  the  equation 

*,+*<?    p,+*v     w 

lx  I,  ~  I  U 

the  third  member  of  the  equation  being  obtained  by  adding  the  nu- 
merators and  denominators,  respectively,  of  the  fractions  forming  the 
first  and  second  members. 

This  general  equation  is  satisfied  whenever  the  stress  in  the  member 
is  a  maximum  or  a  minimum.  That  it  applies  to  any  one  of  the  cases 
shown  in  Figs.  2,  3,  4,  5  and  6,  may  be  verified  by  following  the  above 
reasoning  through,  taking  account  of  the  algebraic  sign  of  every 
quantity  dealt  with.* 

Special  Forms  of  the  General  Criterion. — For  practical  use  it  will  gener- 
ally be  found  convenient  to  put  equation  (3)  in  one  of  the  following 
forms : 

Pl  +  >L>Qjj  W ' (3a) 

P2  +  ^Q  =  k.W. (36) 

unless  the  moment-center  is  at  infinity.  In  this  case  (Fig.  4)  these  equa- 
tions take  indeterminate  forms.     But  since  when  this  occurs  — '  =  1  and 

—  =  1,  both  equations  may  be  reduced  to  the  form:f 

Q  =  ^w W 

In  addition  to  the  general  criterion  expressed  by  equation  (3),  it  is 
necessary  to  have  some  means  of  distinguishing  between  positions  giv- 
ing maximum  and  those  giving  minimum  values  of  the  stress.  Further, 
since  the  stress  in  any  member  will,  in  general,  pass  through  a  number 

*  For  the  case  represented  in  Fig.  1.  in  which  the  member  under  consideration  be- 
longs to  the  loaded  chord,  /,,  /„,  ii,  and  n„  being  all  positive,  formulas  identical  with 
equation  (3)  have  been  given  by  several  writers.  The  generality  of  the  formula  seems 
not  to  have  been  recognized. 

t  Equation  (3c)  is  identical  with  the  condition  for  maximum  shear  in  the  panel  con- 
taining the  web  member  under  consideration.  It  is,  of  course,  only  when  the  chords  are 
parallel  that  the  maximum  shear  and  maximum  stress  can  be  assumed  to  occur  simul- 
taneously. 


Tapers.]    HOSKINS  ON  POSITION"  OF  LOADS  ON  A  BRIDGE  TRUSS.       77 

of  maximum  values  as  the  loads  pass  over  the  bridge,  means  are  needed 
for  selecting  the  greatest  of  the  possible  maximum  values. 

A  general  criterion  for  distinguishing  between  positions  giving 
maximum  and  those  giving  minimum  values  will  be  deduced  below.  It 
will  be  well,  however,  first  to  consider  the  question  in  a  somewhat  less 
general  manner.  The  problem  of  distinguishing  between  maxima  and 
minima,  as  well  as  that  of  selecting  the  greatest  from  the  possible 
maximum  values,  may  advantageously  be  treated  by  the  use  of 
"influence  diagrams. " 

Influence  Diagkams. 

Avery  hill  and  clear  discussion  of  influence  lines,  with  applications 
to  the  determination  of  maximum  stresses  in  various  cases  of  practical 
importance,  has  been  given  by  George  F.  Swain,  M.  Am.  Soc.  C.  E. , 
in  the  paper  cited  on  page  69.  It  will  be  advantageous  to  present 
here  a  brief  treatment  of  this  subject  from  the  general  point  of  view 
adopted  in  the  foregoing  analysis. 

Influence  Line. — The  influence  line,  for  a  given  member  of  a  truss, 
is  a  line  whose  ordinate  at  any  point  represents  the  value  of  the  stress 
in  the  member  due  to  a  unit  load  at  that  point. 

General  Method  of  Drawing  Influence  Line.—  In  the  following  discus- 
sion any  ordinate  of  the  influence  line  will  be  regarded  as  agreeing  in 
sign  with  the  corresponding  value  of  the  stress-moment,  according  to 
the  convention  already  explained.  Positive  ordinates  will  be  drawn 
upward  from  the  reference  line,  negative  ordinates  downward. 

If  il/denotes  the  stress-moment  due  to  a  unit  load  in  a  given  position, 
and  t  the  perpendicular  distance  from  the  moment-center  to  the  axial 

line  of  the  member  under  consideration,  — -  denotes   the  value  of   the 

ordinate  of  the  influence  line. 

Beferring  first  to  the  case  in  which  lv  I,,  nx  and  n2  are  all  positive 
(Fig.  1),  and  repeating  the  reasoning  already  given  in  determining 
values  of  the  stress-moment  due  to  Pu  P2  and  Q,  the  following  results 
are  obtained: 

A  unit  load  between  A  and  C,  distant  x  from  C.  causes  a  stress 

——.     This  changes  from  0  to  2    l  -    as  the  load  passes  from  A 

it  It 

to  C. 
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Similarly,  as  a  unit  load  passes  from  B  to  D,  the  stress  due  to  it 
changes  from  0  to  — -. 

Of  a  unit  load  on  C  B,  distant  x  from  G,  the  portion comes 


upon  the   truss   at    C  and   —  at  B.     The   former   causes   the   stress 

n 

^&~"J  .  ^— -,  and  the  latter  the  stress  ll  {l*  ~  1h)  .  -.     As  the  load 
tin  It  n 

passes  from  G  to  D,  the  sum  of  these  values  changes  from        '  , . — U 
to  ''"',-"•>. 

It 

From  these  results  it  is  seen  that  the  influence  line  consists  of  three 
straight  lines  A  Cv  GlDv  DlB;  the  ordinates,  C  Ct  and  D  D„  having 
values: 

CCi  =    h(h-"x).     BBi  _   h  (h  ~  n2l 


It  '  l  It 

If  the  various  cases  shown  in  Figs.  1  to  6  be  considered,  these  values 
are  found  to  be  correct  in  magnitude  and  sign  for  all  cases.  The  fol- 
lowing general  property  may  also  readily  be  verified : 

The  lines  AG{  and  BDX  (produced  if   necessary)  have  a  common 

ordinate  at  the  point  F,  its  value  being  -y-=. 

This  property  gives  the  following  general  rule  for  drawing  the  in- 
fluence line: 

At  F  erect  an  ordinate  equal  in  magnitude  and  sign  to  -yp  and 

draw  straight  lines  from  its  extremity  to  the  points  A  and  B.  Con- 
necting Gx  and  Bu  the  points  in  which  these  lines  intersect  ordinates 
erected  at  C  and  D,  respectively,  the  line  ACXBXB  is  the  influence 
line. 

It  will  be  seen  that,  so  long  as  the  moment-center  falls  within  the 
span,  so  that  both  lx  and  lz  are  positive,  the  ordinates  of  the  influence 
line  are  everywhere  positive.  This  is  the  case  in  Figs.  1,  2,  5  and  6. 
There  are,  however,  two  types  of  influence  line  with  ordinates  every- 
where positive,  corresponding  to  the  cases  in  which  F  falls  within  the 
panel  GB  (Fig.  1),  and  without  the  panel  (Figs.  5  and  6).  The  limit- 
ing case  between  these  two  is  shown  in  Fig.  2. 

If  the  moment-center  falls  without  the  span,  making  lx  or  l2  neg- 
ative, the  ordinates  of  the  influence  line  are  positive  in  one  portion  of 
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the  span  and  negative  in  the  remaining  portion.  Fig.  3  represents  the 
case  in  which  /,  is  negative,  the  ordinate  CC\  being  positive  and  I)I)i 
negative.  The  line  Ct  Dx  crosses  A  B  at  a  point  E,  between  C  and  D. 
If  the  point  F  falls  at  infinity,  as  in  Fig.  4,  the  above  general  rule 
for  drawing  the  influence  line  by  means  of  the  ordinate  at  F  becomes 
inapplicable.  The  lines  F1  A,  Fl  B  are  in  this  case  parallel,  and  may 
be  drawn  by  means  of  the  general  values  above  given  for  the  ordinates 
at  C  and  D.      It  may  be  noticed  also  that  if  A  Cx  be  prolonged,  its 

ordinate  at  B  has  the  value  ~-  ;  and  if  B  I)l  be  prolonged,  its  ordi- 
nate at  A  has  the  value  —~.      These  values   are    determinate    even 

when  lu  I.,  and  t  are  infinite. 

When  the  load  series  consists  of  concentrated  loads,  the  question 
whether  any  certain  position  in  which  the  general  equation  (3)  is  sat- 
isfied gives  a  maximum  or  a  minimum  value  of  the  stress  may  usually 
be  determined  by  simple  inspection  of  the  influence  diagram.  It  is 
also  often  possible  to  determine,  with  high  probability,  which  of  several 
maximum  values  is  greatest,  without  actually  determining  the  values. 
These  questions  are  now  to  be  considered. 

Discrimination  Between  Maximum  and  Minimum  Values. 
Application  of  Influence  Diagram. — Eef erring  to  Fig.  1,  and  observ- 
ing the  slope  of  each  of  the  three  straight  lines  forming  the  influence 
diagram,  consider  how  the  stress  in  the  member  k,  due  to  a  single  load, 
varies  as  the  load  moves  uniformly  from  B  toward  the  left.  During 
the  motion  from  B  to  D  the  stress  increases  at  a  uniform  rate;  from  D 
to  Cit  decreases  at  a  uniform  rate;  from  Cto  ^4  it  decreases  uniformly 
at  a  greater  rate.  If  the  load  moves  from  A  to  B,  these  effects  are 
reversed. 

Next  consider  the  effect  of  displacing  a  series  of  loads.  As  above, 
let  the  total  loads  on  A  C,  CD  and  I)  B,  respectively,  be  denoted  by  Pv 
Q  and  P2.  If  the  loads  are  displaced  toward  the  left,  the  stress  due  to 
P2  increases,  while  the  stress  due  to  Pv  and  also  that  due  to  Q,  de- 
creases. The  resultant  of  these  three  effects  may  be  either  an  increase 
or  a  decrease;  but  the  resultant  rate  of  change  of  the  stress  (whether 
increase  or  decrease)  remains  constant  as  long  as  Pv  P2  and  Q  remain 
constant,  that  is,  as  long  as  no  load  passes  any  one  of  the  four  points 
A,  G,  D  and  B. 


80      HOSKINS  ON  POSITION  OF  LOADS  ON  A  BRIDGE  TRUSS.    [Papers. 

As  the  loads  approach  a  position  causing  a  maximum  stress,  the 
value  of  the  stress  increases;  as  they  recede  from  such  a  position,  the 
value  of  the  stress  decreases.  The  reverse  changes  take  place  as  the 
loads  approach  and  recede  from  a  position  of  minimum  stress. 

First,  suppose  the  stress  is  increasing  as  the  loads  move  toward  the 
left.  If  a  load  comes  on  the  truss  at  B,  the  rate  of  increase  of  the 
stress  will  become  greater.  The  same  will  be  true  if  a  load  passes  off 
at  A.  If  a  load  passes  C  or  D,  the  rate  of  increase  of  the  stress  becomes 
less,  and  this  effect  may  be  sufficiently  great  to  change  the  increase 
into  a  decrease;  if  so,  the  stress  passes  through  a  maximum  value. 
Hence,  only  when  a  load  is  at  C  or  at  D  can  the  stress  be  a  maximum. 

Next,  suppose  the  stress  is  decreasing  as  the  loads  move  toward  the 
left.  If  a  load  passes  G  or  D,  the  rate  of  decrease  becomes  greater.  If 
a  load  comes  on  the  truss  at  B,  or  if  one  leaves  the  truss  at  A,  the  rate 
of  decrease  becomes  less,  and  this  effect  may  be  so  great  as  to  change 
the  decrease  into  an  increase;  if  so,  the  stress  passes  through  a  mini- 
mum value.  Therefore,  only  when  a  load  is  at  A  or  at  B  can  the  stress 
be  a  minimum. 

Like  reasoning  obviously  applies  to  the  cases  represented  in  Figs. 
2,  3,  4,  5  and  6.* 

Thus,  in  Fig.  2,  a  maximum  can  occur  only  with  a  load  at  D.  A 
load  at  C  can  give  neither  a  maximum  nor  a  minimum,  since  A  C,  and 
Ci  -Dx  form  a  continuous  straight  line. 

In  the  case  of  a  web  member,  represented  in  Fig.  3,  the  stress  may 
be  either  tension  or  compression.  The  kind  of  stress  corresponding  to 
a  positive  stress- moment  (tension  in  this  case),  can  have  a  maximum 
value  with  a  load  at  C  or  at  B,  a  minimum  value  with  a  load  at  A  or  at 
_D.  For  the  opposite  kind  of  stress,  these  statements  must  be  reversed. 
Like  statements  hold  for  the  case  in  which  i^is  at  infinity  (Fig.  I). 

In  Fig.  5,  a  maximum  value  of  the  stress  in  the  member  A-  can  occur 
only  when  a  load  is  at  C;  a  minimum  value  may  occur  when  a  load  is 
at  A,  at  B  or  at  B. 

In  Fig.  6,  a  maximum  value  can  occur  with  a  load  at  B,  a  minimum 

vahie  with  a  load  at  A,  at  C  or  at  B.     This  form  of  truss,  though  not  of 

practical  importance,  is  shown  in  order  to  illustrate  the  generality  of 

the  method.     Its  similarity  to  the  case  shown  in  Fig.  5  is  apparent  from 

*  The  actual  value  of  the  rate  of  increase  of  the  stress  as  the  loads  move  may  be 
computed  from  the  slope  of  the  three  portions  of  the  influence  line.  Using  the  values 
of  the  ordinates  at  C'and  D,  as  above  given,  this  method  leads  easily  to  equation  (2),  and 
thus  also  to  the  general  criterion  (3). 
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a  eoinpai'ison  of  the  influence  diagrams.  It  may  be  remarked  that,  us 
a  special  case  of  Fig.  6,  the  point  F  may  coincide  with  B  (or  with  A), 
making  l2  (or  lx )  zero.  The  ordinate  F  Fv  would  be  zero,  and  the 
influence  line  would  have  to  be  constructed  from  the  values  of  the 
ordinates  at  C  and  I),  one  of  which  would  be  zero. 

Critical  Points.- — It  appears  from  the  foregoing  discussion  that, 
when  the  load-series  consists  wholly  of  concentrated  loads,  the  stress- 
can  have  a  maximum  or  a  minimum  value  only  when  a  load  is  passing 
some  one  of  the  four  points  A,  B,  Cand  D.  This  might  be  inferred  also 
from  equation  (3),' since  only  in  exceptional  cases  can  this  equation  be 
satisfied  without  there  being  a  load  at  one  of  these  points.  Such  a 
load  may,  by  a  slight  displacement,  be  divided  in  any  desired  ratio 
between  the  adjacent  segments  of  the  span. 

These  four  iDoints  may  be  called  critical  points,  and  may  be  dis- 
tinguished as  "maximum  points"  and  "minimum  points,"  accord- 
ing as  the  passage  of  a  load  through  them  is  associated  with  a 
maximum  or  a  minimum  value  of  the  stress. 

The  foregoing  discussion  shows  that,  at  a  maximum  point,  the  in- 
fluence line  is  convex  upward  (i.  e.,  toward  the  positive  side),  while 
at  a  minimum  point  it  is  concave  upward.  In  applying  this  statement 
to  the  points  A  and  B,  the  influence  line  is  to  be  extended  beyond 
the  span  as  a  horizontal  line. 

When  only  a  single  one  of  the  four  critical  points  is  occupied  by  a 
load,  or  if  such  occupied  points  are  either  all  maximum  points  or  all 
minimum  points,  the  form  of  the  influence  line  thus  shows  at  a  glance 
whether  the  stress  is  a  maximum  or  a  minimum.  To  make  the  discus- 
sion complete  it  is  necessary  to  consider  cases  in  which  equation  (3)  is 
satisfied  while  loads  are  passing  both  maximum  and  minimum  points. 

General  Criterion. — In  order  to  deduce  a  completely  general  rule  for 
discriminating  between  maximum  and  minimum  values,  consider  equa- 
tion (2)  deduced  above : 

|f-  f  (p,+  •£•  Q)  - 1  <*,  +  -£  e) m 

This  value  of   -=—  remains  constant  except  when  the  load  (either 
a  x 

concentrated  or  distributed),  passes  some  one  or  more  of  the  "  critical  " 

points  A,  B,  C  or  D,  thus  changing  the  values  of  one  or  more  of  the 

quantities  Plt  P.,  or  Q. 
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Assuming  a  small  displacement  of  the  load-series,  let  loads  Wa,  Wb, 
Wc  and  Wa,  respectively,  pass  the  four  critical  points  A,  B,  Cand  D.    The 

change  in  the  value  of  -y- -  may  be  found  from  the  changes  in  Pv  P2 

and   Q.     For  a  positive  displacement  (the  loads  moving  toward   the 
left), 

Pl  changes  by  the  amount  Wc  —  Wa; 

P2  «  «  Wb-Wa; 

q  u  «       wd-wc. 

Hence   the   change    (written   as   an   increase)    in   the    value   of  — —  is 

ax 

s0?)=7  W  "  »i  +  ^(Wi-  w'>  1  -T  W-  "i  +  3 

(  T^  —  Wc)  ] ;  which  reduces  to 

s(^)  =  Tw-+jw>-'-iw<-^w* m 

According  as  this  value  is  positive  or  negative,  the  value  of  -y-  in- 
'  creases  or  decreases  as  the  loads  pass  through  the  supposed  position. 

As  a  position  of  maximum  stress  is  passed,  -y-  decreases;  as  a  po- 
sition of  minimum  stress  is  passed,  -7-  increases. 

ax 

This  is  the  general  criterion  for  discriminating  between  maximum 
and  minimum  values  of  the  stress.  The  application  to  special  cases, 
in  which  ^,  l2,  nx  and  n2  are  known  in  magnitude  and  sign,  presents  no 
difficulty. 

The  conclusions  above  reached  from  the  study  of  the  influence  dia- 
grams for  the  six  cases,  may  easily  be  verified  by  inspection  of  equation 
(4).     Thus,  if  lv  l2,  nx  and  n2  are  all  positive  (Fig.  1),  the   first  and 

second  terms  in  the  value  of  8   (  \  are  intrinsically  positive,  while 

the  third  and  fourth  are  negative.  Therefore,  for  a  maximum  stress 
either  Wc  or  Wd  must  be  present,  while  for  a  minimum  stress  either 
Wa  or  Wb  must  be  present.     In  the  case  shown  in  Fig.  2,  the  third 

term  in  the  value  of  8    ( -7— .  )  drops  out,  )>., being  zero;  the  conclusions 

are  otherwise  the  same  as  in  the  preceding  case. 

In  Fig.  3,  lx  and  nx  being  negative,  the  "A  "  and  "  D  "  terms  in  the 

value  of  8   (  -. —  )  are  intrinsically  positive,  while  the  "  B"  and  "  G" 
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terms  are  negative.  Hence  A  and  B  are  minimum  points,  while  B  and 
C  are  maximum  points.  The  same  conclusions  apply  to  the  case 
shown  in  Fig.  4,  although  every  term  in  the  second  member  of  equa- 
tion (4)  is  infinite. 

In  Fig.  5,  »j  is  negative,  while  lv  I,  and  n,  are  positive.  Therefore 
in  equation  (4)  the  "A,"  "B"  and  "  I) "  terms  are  positive,  while 
the  "  G"  term  is  negative.     Hence  C is  the  only  maximum  j)oint. 

In  Fig.  6,  n2  being  negative,  the  only  negative  term  in  equation  (4) 
is  the  "  B  "  term.     Hence  B  is  the  only  maximum  point. 

If  all  but  one  of  the  four  terms  in  the  value  of   8   I  — —  )  are  zero 

\  a  x  / 

when  the  condition  for  maximum  or  minimum  stress  (equation  3)  is 
satisfied,  the  discrimination  between  maximum  and  minimum  values 
is  thus  very  simple,  being  readily  accomplished,  either  by  simple  in- 
spection of  the  influence  diagram,  or  by  noticing  the  sign  of  the  single 
term  in  the  second  member  of  equation  (4).  If  two  or  more  terms 
remain,  equation  (4)  must  be  applied. 

Distributed  Loads. — Consider  next  the  case  in  which  there  is  a  dis- 
tributed load  at  each  of  the  four  points  A,  B,  C  and  B.  Equation  (4)  is 
still  applicable,  but  its  form  may  conveniently  be  changed.  In  accord- 
ance with  the  notation  used  in  the  deduction  of  equation  (1),  let  w 
denote  the  load  per  unit  length  at  any  point,  and  let  iva,  wh,  wc  and  wd  be 
the  values  of  //•  at  A,  B,  C  and  B.  If  the  loads  receive  a  positive  dis- 
placement S  x,  we  must  put  in  equation  (4): 

Wa  —  wa  8  x,  Wh  =  wb  d.c,   Wc  —  wc  Sx  and  Wd  —  wd  8  x. 

The  result  is: 

d2  M         L  I.  n.y  n,  ._. 

dFa7  w*  +   i  w"  -  T  "'■  -  i  "'' (o) 

A  position  of  the  loads  satisfying  equation  (3)  gives  a  maximum  or 

a  minimum  value  of  the   stress,  according   as  the  value  of   -r— j    is 

negative  or  positive.  If  the  value  of  w  is  known  at  every  point,  the 
application  of  equation  (5),  to  any  particular  case  in  which  /v  l.„  //,  and 
n.,  are  known,  presents  no  difficulty. 

Combination  of  Concentrated  and  Bistributed  Loads. — Another  case  is 
that  in  which  there  are  concentrated  loads  at  certain  of  the  critical 
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points,  while  at  others  the  load  is  distributed.  This  occurs  when  the 
load  consists  of  one  or  more  locomotives  followed  by  a  uniformly  dis- 
tributed train-load,  as  often  prescribed  in  bridge  specifications.     The 

value  of  5  (     "      )    will   then  contain  part  of  the  terms  in  equation 
\  a  -v  / 

(4)  and  part  of  those  in  equation  (4a).     Since  the  latter  terms  contain 

the  factor  S  x,  they  will  be  very  small  in  comparison  with  the  former, 

and  mav,  therefore,  generally  be  disregarded  in  applying  the  equation. 


Determination  of  Greatest  Maximum. 

In  those  cases  in  which  loads  in  all  positions  cause  the  same  kind 
of  stress  in  the  member  under  consideration,  it  is  evident  that  for 
greatest  stress  the  span  should  be  loaded  as  fully  as  possible,  and 
that  the  heaviest  loads  should  be  so  placed  as  to  produce  as  great  an 
effect  as  possible.  Thus  in  Figs.  1,  2  and  6  the  heavy  loads  should  be 
near  D;  in  Fig.  5,  near  C.  This  is,  of  course,  only  a  rough,  general 
rule. 

When  a  reversal  of  stress  is  possible,  as  in  Figs.  3  and  4,  the  two 
kinds  of  stress  must  be  considered  separately.  Thus,  for  one  kind  of 
stress,  loads  should  cover  only  the  portion  A  E;  for  the  other  kind, 
only  the  portion  E  B.  These  rules  are  not  absolute;  it  may  be  that, 
if  loads  are  carried  beyond  E,  the  diminution  of  stress  due  to  siich 
loads  will  be  more  than  counterbalanced  by  an  increase  due  to  bringing 
other  loads  nearer  to  their  positions  of  greatest  effect. 

By  inspection  of  the  influence  diagram  it  is  thus  possible  to  deter 
mine,  with  great  probability  in  many  cases,  which  of  two  maximum 
values  is  greater,  without  actually  computing  the  values.  In  some 
cases,  however,  it  may  be  necessary  to  compute  the  stress  for  each  of 
two  or  more  positions,  in  order  to  determine  with  certainty  which 
maximum  value  is  the  greatest. 

General  Results. 

The  determination  of  the  position  of  a  series  of  moving  loads  which 
will  cause  the  greatest  stress  in  any  member  of  a  truss  thus  involves 
the  following  steps: 

(1)  The  approximate  determination  of  the  required  position  by  in- 
spection of  the  influence  diagram. 
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(2)  The  testing  of  the  exact  criterion  expressed  by  equation  (3),  or 
one  of  the  equivalent  equations  (3a),  (36),  (3c). 

(3)  The  application  of  equation  (4)  or  equation  (5)  to  determine 
with  certainty  whether  the  stress  is  a  maximum  or  a  minimum.  In 
the  majority  of  practical  cases  this  is,  however,  unnecessary,  the  in- 
spection of  the  influence  diagram  being  sufficient. 


Numerical  Applications. 

In  order  to  illustrate  clearly  the  application  of  the  general  criterion 
to  different  cases,  numerical  examples  will  now  be  solved,  involving 
the  cases  shown  in  Figs.  1,  3,  4  and  5. 

The  load-series  will  be  assumed  to  consist  of  two  locomotives  fol- 
lowed by  a  uniformly  distributed  load,  the  loads  and  intervals  being 
given  in  Fig.  9.  In  practice,  a  diagram  should  be  drawn,  showing  the 
lines  of  action  properly  spaced,  and  a  skeleton  diagram  of  the  truss 


10         35     60     85     110 

125    HO     155   170 

180       205    230   255   280 

295   310    325   310 

Total  Load 
(thou'tofllu.) 

10         25     25     25     25 

15     15       15     15 

10         25     25     25     25 

15      15       15     15 

Loads 

(thau'surihn.) 

1           2       3      4       5 

o  oooo 

1    7.5    |    5'|   5'|   5'| 

6        7         8       9 

OOOO 

9      1    5'|    6'  1   5'l 

10         11      12     13     11 

o  oooo 

8'    |     7.5' |    5'|    5'|    5'|       9 

15     16       17      18 

OOOO 

1   S'  1    0'  |    5'  I    S' 

s.s  per  foot  [ 

7.5'l2.5'l7.5'22.5' 

31.5'  36.5'  12.5 '47.5' 

55.5'    63.0'68.0'73.o'78.0' 

87.0'92.0'  98.0'l03.0' 

Dist.from 

1st.  Load 

Fig.  9. 
prepared  on  a  movable  strip  of  paper  or  on  tracing  cloth,  to  facilitate 
the  trial  of  different  j)ositions. 

(1)  Member  of  Loaded  Chord, — Consider,  first,  the  case  shown  in  Fig. 
1,  the  dimensions  of  the  truss  being  as  marked  on  Fig.  8.  For  greatest 
stress  in  the  member  k  the  truss  must  be  fully  loaded,  and  the  effect  of 
the  heaviest  loads  will  be  greatest  if  these  are  near  the  point  D.  A 
maximum  value  can  occur  only  with  a  load  at  C  or  at  D.  It  remains 
to  test  the  general  equation  (3)  for  such  positions  as  these  general  con- 
siderations suggest. 

From  the  dimensions  of  the  truss  we  have  I  =  150  ft.,  lx  =  45  ft., 
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4  =  105  ft. ,  n  =  30  ft. ,  n ,  =  15  ft.  and  n,  =  15  ft.     Equation  (3a)  therefore 

becomes  P,  4-  —  Q  =  — ^  W. 
1  ^    2     c        10 

It  is  seen  that  there  is  a  conflict  between  the  requirements  that  the 
span  shall  be  fully  loaded,  and  that  the  heaviest  loads  shall  be  near  D. 

It  is  found  that  there  are  two  positions  in  which  the  conditions  for 
maximum  stress  are  satisfied — with  either  the  fourth  or  the  fifth  load 
at  C.  Between  two  maxima  there  must  be  a  minimum;  and  it  is  found 
that  between  the  two  positions  of  maximum  stress  there  is  another 
position  :'n  which  equation  (3a)  is  satisfied.  The  numerical  data  for 
testing  these  three  positions  and  two  others  are  shown  in  Table  No.  1. 

Table  No.  1. 


Position. 

W 

Px 

Q 

Px  +  ^Q 

Third  load  at  C. . 

401  250 

120  375 

35  000 

105  000 

87  500 

60  000 

120  000 
80  000 
95  000 

95  000 
100  000 

107  500 

Criterion  not  satis- 
fled. 

Fourth  load  at  C 

413  750 

124  125 

60  000 

95  000 

107  500 

85  000 

110  000 
70  000 
85  000 

115  000 
120  000 
127  500 

Criterion  satisfied. 
Maximum. 

Fourth  load   4.5 
ft.  left  of  C.... 

425  000 

127  500 

85  000 

85  000 

127  000 

Criterion  satisfied. 
Minimum. 

Fifth  load  at  C... 

426  250 

127  875 

85  000 
110  000 

85  000 
60  000 

127  500 
140  000 

Criterion  satisfied. 
Maximum. 

Tenth  load  at  D.. 

43S750 

130  125 

110  000 

60  000 
70  000 

140  000 
145  000 

Criterion  not  satis- 
fied. 

It  happens  that  when  the  fourth  load  is  at  C,  the  ninth  is  at  D. 
Hence,  Q  may  include  any  arbitrary  portion  of  each  of  these  two  loads. 
Thus,  if  the  whole  of  the  fourth  load  is  included  in  Q,  the  value  of  jP, 
is  60  000  lbs.,  while  Q  may  be  either  95  000  lbs.  or  110  000  lbs.  or  any- 
thing between,  depending  upon  what  portion  of  the  ninth  load  is  in- 
cluded in  Q.  If  the  whole  of  the  fourth  load  is  included  in  Pv  the 
value  of  P,  is  85  000  lbs.,  while  Q  has  any  value  from  70  000  to  85  000 
lbs.     The  values  corresponding  to  these  four  limiting  cases  are  shown 

in  Table  No.  1.     Evidently  P1  -) — l  Q   may  have   any  value   between 


107  500  lbs.   and   127  500  lbs. 


and  since  -j    W 


124  125    lbs.,    the 


equation  Pl  -\-      '  Q  =  — -  \V  is  satisfied. 
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Since,  in  the  position  of  minimum  stress  the  point  G  is  4.5  ft.  from 
the  fourth  load  and  only  0.5  ft.  from  the  fifth,  it  may  be  inferred  that 
the  stress  is  greater  when  the  fourth  load  is  at  C  than  when  the  fifth  is 
there.     This  may  be  verified  by  computing  the  values  of  the  stress. 

The  general  criterion  is  satisfied  in  no  other  position  which  seems 
favorable  for  greatest  stress.  The  conclusion  is  that  the  member  has  its 
greatest  stress  when  the  fourth  load  is  at  C. 

(2)  Web  Member. — Consider  next  the  case  of  a  web  member,  shown 
in  Fig.  3,  the  dimensions  of  the  truss  being  as  marked  in  Fig.  8.  The 
influence  line  shows  that  the  stress  is  subject  to  reversal,  so  that  tension 
and  compression  must  be  considered  separately.  It  will  suffice  to  con- 
sider the  case  of  compression,  corresponding  to  negative  values  of  the 
stress-moment. 

Inspection  of  the  influence  line  shows  that  the  load  should  cover 
the  portion  EB  of  the  span;  that  a  load  has  its  greatest  effect  when  at 
D;  and  that  a  maximum  compression  can  occur  only  when  a  load  is  at 
D  (the  case  of  a  maximum  with  a  load  at  A  being  excluded  because  the 
portion  of  the  span  AE  should  be  free  from  loads).  It  remains  to 
apply  the  exact  criterion. 

A  trial  of  successive  positions  shows  that  the  criterion  for  maximum 
stress  is  satisfied  when  the  second  load  is  at  D,  but  not  in  any  other 
position  which  seems  favorable  for  greatest  stress.  The  conclusion  is 
that  this  position  gives  the  greatest  compression  in  the  member.  The 
data  for  testing  three  positions  are  shown  in  Table  No.  2. 

From  the  dimensions  of  the  truss  as  shown  in  Fig.  8,  we  have  /  = 
150  ft.,  \  =  —25  ft.,  Z,  =  175  ft.,  n  =  30  ft,,  re,  =  —55  ft.,  n2  =  85  ft., 


6 


and 


11 
6* 


TABLE  No.  2. 


Position. 

W 

T~W 

P, 

Q 

First  load  at  D . . 

295  000 

—49  167 

0 

0 
10  000 

0 
—  18  333 

Criterion  not  satis- 
fled. 

Second  load  at  D. 

310  000 

—51667 

0 

10  000 
35  000 

—  18  333 

—  64  167 

Criterion  satisfied. 
Maximum. 

Third  load  at  D. . 

325  000 

—54  167 

0 

35  000 
60  000 

—  64  167 
—110  000 

Criterion  not  satis- 
fied. 
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(3)  Web  Member  in  a  Truss  with  Parallel  Chords.—  In  Fig.  4,  a  nega- 
tive stress-moment  corresponds  to  tension  in  the  member  k.  For 
greatest  tension  in  this  member,  the  influence  line  shows  that  only  the 
portion  E  B  of  the  span  should  be  loaded,  and  that  a  load  must  be  at  D. 

Let  the  span  consist  of  eight  panels  of  30  ft.   each.     Then  I  =  240 

ft..  I  =_<x,  /.,  =  +  a,  n  =  30  ft.,  »{  =  — a,  n2  =  -4-a,  —  =  1,  and 

"i 

— =-  —  1.     The  criterion  for  maximum  or  minimum  stress  reduces  to 


equation  (3c),  that  is, 


<2  = 


w=lrw. 


It  is  found  that  this  equation  is  satisfied  -when  either  the  third  or 
the  fourth  load  is  at  D.  Both  these  positions  give  maximum  values 
of  the  stress.  Between  them  is  a  position  of  minimum  stress,  which, 
by  applying  equation  (3  c),  is  found  to  be  that  in  which  the  third 
load  is  1.5  ft.  to  the  left  of  D.  Comparing  this  with  the  two  positions 
of  maximum  stress,  it  seems  highly  probable  that  the  greater  of  the 
two  maximum  values  is  that  which  occurs  when  the  fourth  load  is  at 
D.  The  numerical  data  for  these  three  positions  are  shown  in  Table 
No.  3. 

TABLE  No.  3. 


Position. 

W 

n 

Tw 

Q 

Third  load  at  D 

476  250 

480  000 
'488  750 

59  530 

60  000 
61094 

35  000 
60  000 

60  000 

60  000 
85  000 

Criterion  satisfied. 

Criterion  satisfied. 
Criterion  satisfied. 

Third  load  1.5  ft.  left  of  D. . 
Fourth  load  at  D 

Minimum. 

(4)  Chord  Member,  Truss  with  Subordinate  Bracing. — The  case  repre- 
sented in  Fig.  5  is  peculiar  in  that  lx  and  nx  have  opposite  signs.  The 
form  of  the  influence  diagram  shows  that  for  greatest  stress  the  span 
should  be  fully  loaded,  and  that  a  load  must  be  at  Cfor  a  maximum 
stress. 

Let  the  span  consist  of  five  main  panels  of  60  ft.  each,  subdivided 
into  ten  panels  of  30  ft.  each;  then  I  =  300  ft.,  lx  =  60  ft.,  U  =  240  ft., 
n  =  30  ft.,  «,  =  —  30  ft.  and  n.,  =  60  ft.     Equation  (3a)  reduces  to 


P,-Q=-^  W. 
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Trying  successively  the  positions  which  appear  favorable  for  greatest 
stress,  it  is  found  that  the  criterion  is  satisfied  when  the  thirteenth  load 
is  at  C,  but  not  with  either  the  twelfth  or  the  fourteenth  at  C.  This  is 
shown  in  Table  No.  5. 

TABLE  No.  5. 


Position. 

W 

1 

Pi 

Q 

Px-Q 

Twelfth  load  at  C. . 

Thirteenth  load  at 
C 

765  000 

• 

777  500 
790  000 

153  000 
155  500 
158  000 

205  000 
230  000 

230  000 
255  000 

255  000 
280  000 

120  000 
105  000 
95  000 
80  000 

110  000 
95  000 
85  000 
70  000 

85  000 
60  000 

85  000 
100  000 
135  000 
150  000 

120  000 
135  000 
170  000 
185  000 

170  000 
220  000 

Criterion  not  satis- 
fied. 

Fourteenth  load  at 
C 

Maximum. 

fled. 

When  the  thirteenth  load  is  at  0,  there  is  also  a  load  at  D.  Since 
D  is  a  "  minimum-point,"  it  is  strictly  necessary  to  apply  equation  (4) 
to  determine  with   certainty   whether  the  stress  is  a  maximum  or  a 

minimum.     We  have   W.  =   25  000  lbs.,  W,  =  15  000  lbs.,  -2-  =  2, 

and   — -  =  —  1;  and  equation  (4)  becomes 
n 

d  (ir^)  =  —  50  000  +  15  000  =  —  35  000. 

Since  this  value  is  negative,  while  M  is  positive,  the  stress  is  a 
maximum. 

The  conclusion  is  that  the  greatest  stress  occurs  when  the  thirteenth 
load  is  at  C. 


Vol.  XXV.  MARCH,  1899.  No.  3. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

INSTITUTED    185  2. 


PAPERS  AND  DISCUSSIONS. 

Note.— This  Society  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advanced 
in  any  of  its  publications. 


DRY  DOCKS— STONE  vs.  WOOD. 

An  Informal  Discussion.* 


By  Messrs.  W.  L.  Cathcart,  George  W.  Melville,  M.  T.  Endicott, 
R.  G.  Packard,  P.  C.  Asserson,  J.  G.  Tait,  John  Kennedy,  James 
Ritchie,  Francis  Collingwood,  Charles  H.  Haswell,  Francis  T. 
Bowles  and  Alfred}P.  Boller. 

Presented  at  a  Special  Meeting  of  the  Society  on 
February   10th,  1899. 


ir.  Cathcart.  William  Ledyard  Cathcart,  Esq. — The  modern  war  vessel  is  prac- 
tically helpless  without  the  dry  dock,  in  which  she  must  be  placed 
periodically  for  the  cleansing  of  the  hull,  and,  with  more  or  less  fre- 
quency, for  the  examination  and  repair  of  all  exterior  parts  below  the 
water  line.  The  expansion  of  the  fleet  and  that  of  the  system  of  national 
dry  docks  should,  then,  go  hand  in  hand;  and  yet,  with  a  rehabilitated 
navy,  which  is  already  formidable  in  strength,  the  United  States  is 
far  behind  the  other  great  powers  of  the  world,  not  only  in  the  num- 
ber, but  apparently  in  the  material,  of  its  dry  docks.  Of  the  eleven 
which  this  Government  now  controls  and  operates,  only  four  are  of 
masonry,  the  remainder  being  timber  constructions;  and  it  is  pro- 
posed further,  in  recent  legislation,  to  build  three  more  docks  of  wood. 
Practice  of  Foreign  Governments. — The  practice  of  foreign  govern- 
ments differs  widely  from  this.     In  Europe,  not  only  national  graving 

*  The  discussion  of  this  subject,  for  which  no  formal  paper  was  presented,  is 
printed  in  Proceedings  in  order  that  the  views  expressed  may  be  brought  before  all 
members  of  the  Society  for  further  discussion.  (See  rules  for  publication,  Proceed- 
ings,  p.  71.) 

Communications  on  this  subject  received  prior  to  April  22d,  1899,  will  be  printed  in  a 
later  number  of  Proceedings,  and  subsequently  the  whole  discussion  will  be  published  in 
Transactions. 
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docks,  but  all  great  modern  works  of  this  kind  are  constructed  of  Mr.  Cathcart. 
stone  or  concrete  masonry.  Thus,  the  British  Government  owns  or 
controls  sixty-two  graving  docks — some  of  which  are  locks,  which 
answer  the  purposes  of  di*y  docks — and  only  one  of  these  is  of  tim- 
ber, that  at  St.  John's,  Newfoundland,  which  was  built  by  the  Colonial 
Government.  France  has  thirty-six,  Germany  has  eleven,  and  Italy 
has  twelve,  graving  docks,  all  of  which,  in  the  three  countries,  are  of 
masonry.  In  Germany,  a  large  dry  dock  was  recently  designed  for  a 
corporation  there,  which  was  to  be  subsidized  by  the  Government. 
When,  however,  the  dock  company  proposed  to  use  timber  as  the 
materia],  the  Government  declined  to  aid,  and  it  was  only  upon  con- 
dition that  the  dock  be  of  masonry  that  the  subsidy  was  finally 
granted. 

It  will  be  seen,  then,  that  the  United  States  Government  is  the 
only  one  in  the  world  which  has  constructed,  directly,  a  timber  dry 
dock.  The  governments  of  Europe  have  considered  it  the  policy  of 
wisdom  to  build  these  important  works  of  the  most  enduring  materials, 
without  regard  to  cost.  This  decision  has  been  reached,  doubtless,  in 
view,  not  only  of  the  natural  decay,  the  frequent  repairs  and  the  large 
expense  thereof,  to  timber  dry  docks,  but,  as  well,  because  of  the  su- 
perior stability,  permanence  and  safety  of  a  dock  which  is  built  of 
stone  or  concrete. 

Timber  vs.  Stone  in  Dry  Dock  Construction,  with  Regard  to  Deteriora- 
tion.— Timber  dry  docks  are  subject  to  decay,  especially  in  the  upper 
portions  of  the  works,  which  are  alternately  wet  and  dry.  The  de- 
terioration is  especially  swift  in  a  warm,  moist  climate;  but,  even  in 
northern  latitudes,  where  decay  is  much  slower,  docks  built  of  wood 
require,  in  about  25  years,  very  extensive  renewals.  In  southern 
waters,  submerged  timber,  also,  perishes  rapidly  from  the  attacks  of 
the  teredo. 

On  the  other  hand,  the  masonry  dock,  if  built  of  granite  or  other 
enduring  stone  and  mortar  of  the  best  Portland  cement,  is  a  perma- 
nent work.  In  the  older  stone  dry  docks  of  the  United  States,  where 
the  mortar  was  made  with  native  hydraulic  cements,  the  masonry  has 
suffered  some  injury  to  the  joints  of  the  entrance  works,  from  which 
there  was  resultant  leakage.  This  has  occurred  to  a  small  extent,  with 
the  docks  at  Boston  and  Norfolk;  but  there  has  been  no  serious 
dislocation  of  the  masonry,  and  the  small  amount  of  leakage  has  in- 
jured the  structure  in  no  way  and  has  involved  little  expense  for  re- 
newal. These  two  docks,  although  sixty-five  years  old,  have  had  in- 
considerable repairs  to  the  masonry.  The  same  action,  from  the  same 
cause,  took  place  with  the  stone  dock  at  the  Brooklyn  Navy  Yard.  In 
this  case,  owing  to  the  strong  pressure  from  springs  upon  the  site, 
the  disintegration  of  joints  by  frost  was  considerable,  and  there  was 
heavy  leakage.     Repairs,   made  in   the  best  manner,  were,  however, 
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wholly  effectual.  As  a  general  principle,  it  may  be  broadly  stated 
that  it  is  possible  to  make  a  masonry  dry  dock  absolutely  water  tight. 

Cost  of  Maintenance  of  the  Various  Stone  and  Timber  Dry  Docks  of  the 
United  States  Nary.  — The  relative  values  of  stoneand  timber  in  dry-dock 
construction  may  be  considered,  first,  with  regard  to  the  cost  of  main- 
tenance of  the  docks,  and,  secondly,  with  regard  to  their  stability  and 
safety.     The  first  consideration  only  will  be  discussed  herein. 

As  to  this  maintenance,  it  is  obvious  that  the  proper  basis  of  com- 
parison is  the  relative  costs  of  repairs  to  the  structures  proper,  not 
including  the  accessories,  such  as  pumping  plant,  caisson,  floating 
gates,  etc.,  inasmuch  as  the  cost  of  maintenance  of  the  latter  should 
be  the  same  in  all  similar  docks,  without  regard  to  the  material  of 
construction  of  the  dock  proper.  The  history  of  the  national  dry 
docks  of  the  United  States  is  instructive  in  this  respect. 

Stone  Dry  Dock  at  the  Navy  Yard,  Boston. — This  dock  was  com- 
pleted in  March,  1834.  The  record  of  its  repair  and  maintenance 
prior  to  1866  is  incomplete  and  not  readily  accessible.  From  that 
time,  however,  to  September  1st,  1897,  a  period  of  31  years,  the 
expenditures  for  these  items  were  as  follows: 

Repair  and  maintenance  of  dock  proper $62  000 

Pumping  plant $53  764 

Caisson  and  swinging  gate 14  899 

68  663 

Total $130  663 

Average,  for  dry  dock  proper,  per  year 2  000 

It  will  be  observed  that  less  than  half  of  the  total  amount,  or  47%, 
was  expended  upon  the  dry  dock  proper. 

Stone  Dry  Dock  at  Norfolk,  Va. — This  dock  was  built  of  cut  granite, 
upon  the  same  plans  as  the  dock  at  Boston.  The  early  records  as  to 
its  maintenance  are  not  available.  From  1882  to  1897,  a  period  of 
15  years,  the  expenditures  were  as  follows: 

Repair  and  maintenance  of  dock  proper $18  776 

Pumping  plant $12  108 

Caissons  or  floating  gates 30  546 

42  654 

Total $61  430 

Average,  for  dry  dock  proper,  per  year 1  251 

It  will  be  noted  that  the  expenditures  upon  the  dock  proper  are 
but  30%  of  the  total. 

Stone  Dry  Dock  at  Brooklyn,  N  Y  —  This  dock  was  completed  in 
1851.  The  figures  for  this  dock  do  not  compare  favorably  with  those 
already  given,  owing  to  the  character  of  the  soil  in  which  it  was  con- 
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structed  and  to  the  quality  of  the  cement  used  in  the  joints.  Many  Mr.  Cathcart. 
difficulties  were  encountered  with  the  foundations,  arising  from  the 
large  springs  upon  the  site,  which  were  never  driven  entirely  from 
the  locality.  The  stratum  through  which  the  springs  flowed  was  30 
ft.  below  the  foundations.  As  the  water  was  entirely  fresh,  as  its  vol- 
ume was  not  affected  by  the  rise  and  fall  of  the  tides,  and  as  the  tem- 
perature differed  from  that  of  the  water  in  the  bay,  it  is  unquestion- 
able that  the  flow  came  from  a  source  much  higher  than  tide-water. 

Again,  the  mortar  used  in  the  construction  of  this  dock  was  not 
made  from  the  fine  Portland  cement  manufactured  at  the  present  day, 
but  from  the  hydraulic  cements  which  were  used  in  all  structures  of 
its  type  at  the  time  of  its  building. 

The  heavy  pressure  from  the  springs  referred  to,  combined  with 
the  inferior  quality  of  the  cement,  and  the  action  of  frost,  tended  to 
produce  disintegration  of  the  masonry,  to  some  extent,  with,  in  con- 
sequence, very  considerable  leakage,  thus  necessitating  during  the 
fiscal  years  1886-87  and  1887-88,  extensive  repairs,  amounting  to 
about  $88  000.  It  became  essential  to  take  up  and  relay  most  of  the 
masonry  at  the  entrance  and  a  small  portion  at  the  head.  The  re- 
pairs, made  with  great  care,  and  with  the  best  Portland  cements, 
were  wholly  successful,  and,  during  the  10  years  which  have  passed 
since  their  completion,  there  have  been  no  signs  of  failure  of  the 
masonry,  to  any  extent. 

Despite  these  adverse  conditions,  the  total  cost  of  repairs  and 
maintenance  of  the  dock  proper,  for  45  years  ending  with  1897,  has 
been  but  $210  618,  or  an  average  of  $4  680  per  year.  The  cost  of  re- 
pairs to  the  caisson,  gates,  etc.,  during  the  same  period,  was  $69  762. 
The  cost  of  maintenance  of  the  puinping  plant  during  this  time  is  not 
available. 

Stone  Dry  Dock  at  Mare  Island,  Gal. — This  dock  was  completed  in 
1891.  Since  that  time,  up  to,  and  including  1897,  the  expenditures 
have  been  as  follows : 

Repair  and  maintenance  of  dock  proper $1  613 

Pumping  plant $8  258 

Caisson  or  floating  gate 4  534 

12  792 


Total $14  405 

Average,    for   dry   dock   proper,    per   year,    during  this 

period  of  7  years $230 

The  expenditures  upon  the  dock  proper  were,  in  this  case,  but  11% 
of  the  total.  It  will  be  observed  that  the  figures  given  do  not  include 
the  cost  of  a  40-ton  crane  and  track,  and  of  a  spare  caisson  which  was 
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Mr.  Cathcart.  jirovided  as  a  relief  in  case  of  repairs  to  the  original.  In  some  pub- 
lished comparisons,  to  be  later  referred  to,  a  large  proportion  of  these 
items  would  seem  to  have  been  charged  erroneously  against  repairs  to 
the  dry  dock  proper. 

Similar  expenditures  upon  the  wooden  dry  docks  of  the  Navy  will 
now  be  considered. 

Timber  Dry  Dock  No.  2,  Navy  Yard,  N  Y. — This  dock  was  com- 
pleted in  1890.  The  expenditures  upon  it  for  the  first  7  years  of  its 
life  were  as  follows : 

Repair  and  maintenance  of  dock  proper  $1  982 

Pimping  plant $3  086 

Caisson,  gates,  etc 12  706 

15  792 

Total $17  774 

This  would  give,  during  this  period,  an  average  cost  of  repairs  per 
year,  to  the  dock  proper,  of  but  $283;  but  the  story  does  not  end 
here.  The  timber  work  of  this  dock  has  deteriorated  considerably, 
and  an  inward  movement  of  the  abutments  has  taken  place.  The 
dock,  in  consequence  of  these  defects,  was  surveyed  by  a  board  of 
civil  engineers  in  1898,  and  its  condition  was  such  that  they  recom- 
mended an  entire  remodeling  and  reconstruction  of  the  entrance  in 
concrete  instead  of  timber.  At  its  last  session,  Congress  appropriated 
the  sum  of  $300  000  for  making  these  repairs. 

If  this  work  be  completed  in  the  year  1900,  the  dock  will  have 
cost,  for  repairs  and  maintenance,  during  the  first  10  years  of  its  life, 
$317  774;  and,  for  the  dry  dock  structure  proper,  $301  982;  or  an 
average  of  $30  198  per  year. 

It  is  quite  true  that  this  large  sum  for  repairs  in  concrete  is  much 
more  than  would  be  the  cost  of  the  work  in  timber;  and  yet  the  Navy 
Department  has  considered  the  expenditure  necessary  in  order  to 
make  the  dock  wholly  trustworthy. 

Timber  Dry  Dock  at  the  Navy  Yard,  League  Island. — This  dock  was 
completed  in  1891.  During  its  first  6  years  of  life,  the  expenditures 
upon  it  were  as  follows: 

Repair  and  maintenance  of  dock  proper $10  202 

Pumping  plant   $3  632 

Caisson 113 

3  745 

Total $13  947 

Average,  for  dry  dock  proper,  per  year $1  700 
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The  upper  portion  of  the  timber  work,  however,  has  decayed,  to  a  Mr.  Cathcart. 
very  great  extent,  and  there  has  been  an  inward  movement  of  the 
abutments  which  has  threatened  an  increase  sufficient  to  prevent  the 
seating  of  the  caisson  in  its  groove.  In  view  of  these  facts,  Congress, 
at  its  last  session,  appropriated  $64  000  for  repairs.  If  these  repairs 
be  completed  during  the  present  year,  the  dock  will  have  cost,  within 
the  first  9  years  of  its  life,  $77  947;  and  the  repairs  and  maintenance 
of  the  structure  proper,  $74  202,  an  average  of  $8  245  per  year. 

Timber  Dry  Dock  No.  3,  Nary  Yard,  N  Y. — This  dock  was  com- 
pleted in  the  spring  of  1897.  In  the  2  years  of  its  existence,  it  has 
cost  $171  OLIO  for  repairs,  an  average  of  $85  500  per  year. 

These  extraordinary  expenditures,  it  is  but  just  to  say,  resulted 
from  a  failure  of  the  dock,  due  to  faults  in  the  construction,  not  in 
the  design.  If  the  work  had  been  faithfully  carried  out,  the  injuries 
would  not  have  occurred,  and  the  expenditures  for  repairs,  during 
these  2  years,  would  probably  have  been  merely  nominal.  On  the 
other  hand,  the  failure  was  of  a  character  which  could  not  have 
occurred  in  a  masonry  or  concrete  dock. 

Timber  Dry  Dock,  Navy  Yard,  Norfolk,  Va. — This  dock  was  com- 
pleted in  1889.  The  expenditures  upon  it  to  June,  1897,  or  during 
the  first  8  years  of  its  existence,  were  as  follows: 

Repair  and  maintenance  of  dock  proper $13  576 

Pumping  plant $8  312 

Caisson  or  floating  gate 1  532 

9  844 

Total $23  420 

Average,  for  dry  dock  proper,  per  year $1  697 

Since  the  date  given  above,  however,  Congress  has  made  two 
appropriations  for  repairs  to  the  structure,  aggregating  $35  000. 
These  will  have  been  expended  within  a  few  months,  making  the  total 
cost  for  repairs  to  the  dry  dock  structure  proper  during  its  10  years  of 
life  $48  576,  an  average  of  $4  857  per  year. 

Timber  Dry  Dock  at  Port  Royal,  S.  G.  — This  dock  was  completed  in 
1895.  For  the  first  2  years  the  repairs  upon  the  dry  dock  structure 
proper  amounted  to  $4  262,  an  average  of  $2  131  per  year. 

Since  this  period,  however,  about  $12  000  have  been  expended  in 
repairs  to  the  structure,  making  for  4  years  a  total  of  $16  262,  or  an 
average  of  $4  065  per  year. 

In  summing  up,  finally,  the  relative  cost  of  maintenance  of  the 
stone  and  wooden  docks  of  the  navy,  the  stone  docks  at  Boston,  Nor- 
folk and  Mare  Island  will  be  considered  and  that  at  New  York 
omitted,  because,  from  the  character  of  its  foundations  and  the  cement 
used    originally    in   its  construction,  it  is  not  fairly   representative. 
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Mr.  Cathcart.  From  the  wooden  docks  there  will  be  omitted  also  Timber  Dry  Dock 
No.  3,  at  New  York,  the  large  expenditures  for  which  are  due  to  faults 
in  building;  but  the  timber  docks  at  New  York,  League  Island,  Nor- 
folk and  Port  Royal  will  be  included  (see  Table  No.  1). 

It  will  be  seen  that  the  dates  previously  set  forth  herein,  cover  for 
the  three  stone  docks,  an  average  period  of  17f  years,  and  for  the  four 
timber  docks  an  average  period  of  but  8\  years,  which  period  is,  how- 
ever, as  long  as  the  age  of  the  latter  permits.  The  total  expendi- 
ture on  the  structures  proper  has  been,  for  the  three  stone  docks, 
$82  389,  or  an  average  of  $27  463  per  dock  during  the  average  period 
of  17f  years.  The  corresponding  cost  of  the  four  timber  docks  has 
been  Sill  022,  or  an  average  of  $110  255  per  dock  during  their  aver- 
age life  of  8}  years.  The  average  per  dock  structure  proper  per  year 
on  the  basis  of  the  figures  given  above  is,  for  the  stone  docks,  $1  558; 
for  those  of  timber,  $13  361,  or  more  than  eight  and  one-half  times 
as  much.  Results  such  as  these  would  seem  to  make  most  question- 
able the  further  use  of  timber  in  the  building  of  national  docks. 

Disregarding,  however,  all  comparisons,  the  fact  remains  that  the 
four  timber  docks  referred  to  have  cost  in  repairs  to  the  structures 
proper  during  an  average  life  of  8}-  years  in  expenditures  and  sums 
appropriated  the  large  amount  of  $141  022.  As  has  been  said,  the 
failure  of  Timber  Dry  Dock  No.  3,  at  New  York,  was  of  a  character 
which  could  not  have  occurred  in  a  masonry  or  concrete  dock. 
There  is  ground,  therefore,  for  adding  the  cost  of  repairs  upon  its 
structure  to  the  above  amount,  which  will  give  a  grand  total  of  $612  022 
expended  in  repairs,  during  a  comparatively  brief  period,  to  the  timber 
docks  proper  of  the  Davy. 

Published  Comparisons  of  the  Cost  of  Maintenance  of  Stone  and  Timber 
Dry  Docks. — Efforts  have  been  made  from  time  to  time  in  testimony 
before  Congressional  Committees,  in  the  public  press  and  in  pam- 
phlet literature,  to  show  that  the  cost  of  maintenance  of  dry  docks 
of  timber  is  much  less  than  that  of  docks  of  stone.  In  1897  the 
Simpson  Dry  Dock  Company,  of  New  York,  issued  such  a  pamphlet, 
which,  since  it  is  a  public  argument  for  timber  and  against  masonry 
as  the  material  of  national  and  other  dry  docks,  may  be  properly  dis- 
cussed herein.  The  pamphlet  states  that  "the  estimated  cost  of 
repairs  to  all  of  the  docks  is  based  upon  close  observations  and  our 
experience  of  over  forty  years. "  Estimates,  it  may  be  said,  are  not 
facts;  and  it  would  appear  that  the  absence  of  exact  knowledge  as  to 
the  cost  of  maintenance  of  the  various  national  docks  has  led,  in  this 
pamphlet,  to  deceptive  conclusions.  It  should,  as  well,  be  repeated 
emphatically  here  that  a  just  comparison  of  the  maintenance  of  the 
two  classes  of  docks  can  be  based  only  on  the  cost  of  repairs  to  the 
dock  structure  proper,  excluding  all  accessories,  such  as  caissons  and 
pumping  plants. 
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The  Simpson  pamphlet  estimates  the  total  cost  of  repairs  to  the  Mr.  Cathcart. 
Stone  Dry  Dock  at  the  Navy  Yard,  New  York,  from  its  completion  to 
1897,  as  $250  000,  an  average  of  $5  434  per  year.     Excluding  accessory 
structures,  the  actual  figures,  as  already  given,  are  $210  618,  or  $4  680 
per  year. 

Again,  there  is  given  a  total  of  $16  000  for  general  repairs  to 
Timber  Dry  Dock  No.  2,  at  the  Navy  Yard,  New  York,  an  average  of 
$923  per  year.  The  facts  are  that  the  repairs  to  the  dock  structure 
proper  were  only  $1  982,  or  $270  per  year;  but,  as  already  shown,  the 
cost  of  repairs,  renewals  and  reconstruction  of  the  entrance  will  be 
$300  000,  which  will  bring  the  yearly  average  for  repairs  to  the  dock- 
structure  proper  up  to  $30  198.  It  should  be  stated,  however,  that 
when  this  work  is  completed,  no  further  repairs  will,  probably,  be  re- 
quired for  a  considerable  time. 

The  Simpson  figure  for  general  repairs  to  the  Granite  Dry  Dock  at 
Norfolk  since  the  year  1865,  is  $125  000,  or  $3  906  per  year.  It  will 
be  observed  that  this  is  not  claimed  as  an  actual,  but  as  an  estimated, 
expenditure.  In  the  Government  report,  of  the  Board  on  Dry  Docks, 
of  1898,  the  total  repairs  from  1882  to  1897,  only,  are  given.  It  is 
therefore  to  be  presumed  that  there  are  no  data  available  as  to  expen- 
ditures during  prior  years.  This  report  gives  a  total  outlay,  for  these 
15  years,  of  $61  430,  of  which  only  $18  776  were  applied  to  the  structure 
proper,  a  yearly  average  of  but  $1  251.  The  Simpson  estimate  is  from 
the  year  1865,  and  it  is  a  matter  of  history  that  this  dock  and  its  gate 
were  seriously  injured  by  the  Confederates  during  the  Civil  War. 
Large  amounts  were  spent  in  repairing  the  damage  caused  by  their 
attempt  to  blow  up  the  dock,  and,  even  if  the  Simpson  estimate  be  re- 
ceived as  correct,  it  is  apparent  that  the  bulk  of  the  expenditures  must 
have  been  unusual  and  not  due  to  ordinary  wear  and  tear. 

With  regard  to  the  Timber  Dry  Dock  at  the  Navy  Yard,  Norfolk, 
the  Sinrpson  Company  estimate  the  repairs  to  the  dock  structure,  up 
to  the  year  1897,  at  $6  000,  or  an  average  of  $818  per  year.  The  expen- 
ditures given  by  the  Government  Dry  Dock  Board  must,  however,  be 
regarded  as  authentic.  These  show,  on  analysis,  that  during  this 
period  the  repairs  to  the  structure  proper  of  this  dock  amounted  to 
$13  576,  or  an  average  yearly  cost  of  $1  697,  and  when,  in  the  current 
year,  the  repairs  appropriated  for  and  now  being  made  are  completed, 
the  average  annual  expenditure  will  have  been  $4  857  upon  the  dry 
dock  structure  proper. 

The  Granite  Dry  Dock  at  the  Boston  Navy  Yard  is  estimated,  in 
the  Simpson  pamphlet,  to  have  cost  for  general  repairs,  from  its  com- 
pletion to  1897,  $150  000,  or  a  yearly  average  of  $2  343.  The  Dry 
Dock  Board  gives  the  total  expenditures  from  1866  to  1897  as  about 
$131  000,  of  which  one-half  was  upon  the  dry  dock  structure  proper, 
making  an  average  yearly  expenditure  upon  the  latter  of  about  $2  000. 
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Mr.  Cathcart.  No  precise  record  seems  to  have  been  available  giving  the  cost  of 
repairs  in  detail  prior  to  1866;  but  the  Board  states  that  during  the 
years  1855  and  1857  about  $21  000  were  expended  upon  new  engines. 
It  is  more  than  probable  that  the  repairs  to  the  dry  dock  structure 
proper,  from  the  time  of  its  completion  down  to  1866,  were  very 
slight,  since  the  annual  report  of  the  Chief  of  the  Bureau  of  Yards  and 
Docks  for  the  year  1853  states  that  the  stone  dry  dock  at  Norfolk  had 
then  been  in  use  for  twenty  years,  and  was  in  perfect  condition. 

It  would  appear,  therefore,  that  at  least  $21  000  of  the  general  re- 
pairs estimated  in  the  Simpson  pamphlet  at  $150  000,  must  have  been 
applied  to  the  pumping  plant  prior  to  1866,  and,  if  this  estimated 
total  of  general  repairs  is  correct,  the  average  expenditures  upon  the 
dry  dock  structure  proper,  from  its  erection  to  the  year  1897,  must 
have  been  very  much  less  than  $2  000  per  year,  probably  about  half 
that  amount,  since  the  Dry  Dock  Board  gives  about  $65  500  as  the  ex- 
penditures upon  accessories  from  1866  to  1897,  and  a  further  amount 
of  $21  000  as  spent  upon  new  engines  in  1855  to  1857.  These  two  items 
make  a  total  of  $86  500,  which  leaves  but  $63  500  of  the  Simpson  esti- 
mate for  the  maintenance  of  the  structure  proper  during  about  65 
years,  an  average  of  less  than  $1  000  per  year. 

In  referring  to  the  concrete  and  granite  dry  dock  at  Mare  Island, 
Cal.,  the  Simpson  Company  began  their  estimate  of  repairs  from  the 
year  1891.  From  this  time  to  1896,  they  give  the  general  repairs  as 
$25  000;  to  this  they  add  $50  000  for  a  new  caisson — which  was  a  dupli- 
cate and  not  a  replacement — obtaining  thus,  for  general  repairs,  a 
most  erroneous  total  of  $75  000,  with  an  absurd  yearly  average  of 
$12  500.  As  a  secondary  proposition,  they  state,  that,  if  the  item  of 
the  caisson  be  omitted,  the  repairs  will  average  $4  166  per  year,  and 
add,  finally,  "  this  is  claimed  to  be  a  modern,  stone  dry  dock  in  every 
respect. " 

These  estimates  will  now  be  studied  in  the  light  of  the  facts.  A  state- 
ment, as  to  the  actual  expenditures  upon  this  structure  and  its  acces- 
sories, obtained  upon  inquiry,  gives  the  total  for  repairs,  from  the 
dock's  completion  in  1891  to  1897  inclusive,  as  only  $14  406.86,  of 
which  amount  $8  258.55  were  upon  the  pumping  plant,  $4  534.59  upon 
the  caisson,  etc.,  and  but  $1  613.72  upon  the  dock  proper,  an  average 
of  $230.53  per  year  during  this  period  of  7  years.  The  average  ex- 
penditure for  general  repairs  was  $2  058.12,  which  figure  is  just  half 
of  the  corresponding  Simpson  estimate. 

The  cost  of  the  caisson  mentioned  has  no  bearing  either  on  facts 
or  estimates  as  to  repairs.  It  is  a  duplicate,  built  as  a  relief  for  that 
within  the  dock,  and  its  cost,  $50  000,  belongs  to  equipment,  not  to 
repairs.  There  is  no  place  at  or  near  Mare  Island  where  an  injured 
caisson  could  be  docked;  and,  in  view  of  this  isolated  situation,  the 
Navy  Department  decided  to  have  the  duplicate  built. 
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The  erroneous  estimate  of  $25  000   for   general  repairs,  as  given  Mr.  Cathcart. 
above,  can  be  accounted  for  only  by  the  supposition  that  there  were 
included  therein  certain  expenditures  made  in  1896  for  a  40-ton  crane 
and  track  for  use  about  the  dock, which,  as  with  the  duplicate  caisson, 
must  be  classed  as  equipment,  not  repairs. 

It  will  be  seen,  therefore,  that  the  repairs  to  this  "modern  stone 
dock  "  were  pi'actically  insignificant,  in  respect  of  the  structure  proper 
and  exclusive  of  the  accessories,  which  are  of  a  class  belonging  to  all 
dry  docks. 

The  Simpson  statement  as  to  the  timber  dock  at  the  Navy  Yard, 
League  Island,  gives  an  amount  of  810  000  for  repairs  and  improve- 
ments from  March  4th,  1891,  to  January,  1897,  a  period  of  about  6 
years.  By  deducting  $4  000  for  raising  the  coping  and  $ 5  000  for  re- 
pairs caused  by  the  method  of  carrying  out  the  work  upon  an  adjacent 
wharf,  the  cost  of  maintenance  of  the  dock  is  reduced  to  a  total  of 
$1  000,  and  an  average  of  $166.67  per  year. 

As  has  been  shown  previously,  Congress  has  appropriated  $64  000 
for  repairs  to  be  made  during  the  present  year  to  the  structure  proper 
of  this  dock.  It  is  scarcely  necessary,  therefore,  to  challenge  the 
estimate  as  above,  since  this  appropriation  alone  gives  a  yearly  average 
of  over  $7  000  for  rej:>airs  to  the  dock  proper. 

The  timber  dry  dock  at  Port  Royal.  S.  C,  was  not  built  by  the    , 
Simpson  Dry  Dock  Company.     Their  pamphlet  gives  an  estimate  for 
general  repairs  to  dock  and  accessories  of  $5  000  for  the  2  years,  or 
$2  500  per  year.     This  yearly  average  is  believed  to  be  substantially 
correct. 

In  concluding  the  analysis  of  the  cost  of  maintenance  of  the  various 
national  dry  docks,  as  estimated  in  the  pamphlet  issued  by  the  Simp- 
son Dry  Dock  Company,  it  is  desirable  to  state  that  this  analysis  has 
been  undertaken  only  in  view  of  the  fact  that  this  company  is  fore- 
most among  the  advocates  of  timber  dry  docks,  and  that  its  arguments, 
as  published  in  this  pamphlet,  and  as  presented  to  the  Naval  Commit- 
tees of  the  two  Houses,  have  had  much  influence  in  shaping  the  action 
of  Congress  with  regard  to  the  material  of  construction  for  the  national 
dry  docks. 

In  considering  the  cost  of  repairs  to  timber  dry  docks,  as  given  in 
this  pamphlet  and  in  other  arguments  presented  by  the  advocates  of 
modern  docks,  it  will  be  noted  that  the  timber  docks  of  the  Navy,  which 
are  cited  as  examples  of  the  small  expense  of  maintenance  for  this 
material,  range  in  age  from  but  2  to  10  years.  Being  thus  practically 
new,  it  is  obvious  that  their  deterioration  cannot  have  progressed  suffi- 
ciently to  give  a  true  indication  of  the  cost  of  repairs  in  the  long  run. 
For  a  correct  estimate  as  to  the  latter,  the  comparison  must  extend 
over  a  period,  at  the  close  of  which  decay  shall  have  reached  such  a 
stage  that  it  will  be  necessary  to  make  repairs  sufficiently  extensive  to 
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Mr.  Cathcart.  restore  the  dock  to  its  original  sound  condition.  In  other  words,  make 
the  comparison,  not  on  repairs  for  temporary  patch-work,  but  on  the 
reconstruction  of  a  fair  portion  of  such  a  dock,  built,  as  it  is,  of  perish- 
able material. 

Even  such  comparison  as  it  has  been  possible  to  give  herein,  from 
the  data  of  these  practically  new  timber  docks  of  the  Navy,  will  show, 
however,  that  their  yearly  cost  of  maintenance,  as  presented  by  the 
advocates  of  wooden  structures,  is  misleading  and  far  below  a  correct 
measure  of  this  item.  These  docks  are  certainly  equal,  if  not  superior 
to,  the  average  of  timber  dry  docks  constructed  elsewhere;  it  is  not 
possible  to  admit  that  their  care  is  in  incompetent  hands;  and  yet,  it 
is  clearly  apparent  that  their  cost  of  maintenance  is  very  large,  exceed- 
ing greatly  that  given  in  the  pamphlet  referred  to  and  in  other  reports. 
The  comparison  instituted  herein  has  been  based  upon  the  cost  of 
repairs  to  the  dry  dock  structure  proper.  The  advocates  of  timber 
construction  seem  to  prefer  a  comparison  founded  on  the  entire  general 
repairs  of  the  docks,  including  all  accessories,  such  as  caisson,  pump- 
ing plant,  etc.  It  is  submitted,  that,  even  if  the  latter  method  were 
proper,  the  showing  which  has  been  presented  to  the  public  is  unfair, 
in  that  the  timber  docks,  being  from  but  2  to  10  years  old,  have  not 
reached  a  time  when  these  accessory  structures  require  renewals  or  ex- 
,  tensive  repairs.  To  obtain  correctly  this  yearly  average  for  general 
repairs,  which  timber  advocates  prefer,  this  stage  of  renewals  to  acces- 
sories must  be  awaited.  When  it  shall  have  been  reached,  it  is  plain 
that  the  comparison  will  be  much  more  unfavorable  to  the  wooden 
dock. 

With  regard  to  the  stone  docks  of  the  Navy,  it  must  be  said,  also, 
that  the  cost  of  their  maintenance,  as  presented  by  their  opponents,  is 
largely  misleading.  The  comparisons  given,  as  to  these  docks,  by 
timber  advocates,  are  founded,  not  upon  the  maintenance  of  the 
structure  proper,  but  upon  the  general  repairs  to  the  dock  and  its 
entire  accessories — a  principle  which  is  obviously  wrong.  The  errors 
ai'ising  from  the  adoption  of  this  method  are  magnified  in  this  case  by 
the  very  considerable  age  of  the  majority  of  these  four  docks,  two  of 
them  being  65,  and  one  48  years  old.  The  repairs  to  the  accessories 
form,  therefore,  a  very  large  proportion  of  the  total  cost  of  main- 
tenance, amounting,  with  the  dock  at  Norfolk,  for  15  years,  to  70%*  of 
the  total;  with  that  at  Boston,  for  31  years,  to  53%;  and  with  that  at 
Mare  Island,  for  7  years,  to  89  per  cent.  The  maintenance  of  the 
timber  docks,  on  the  other  hand,  if  including  repairs  of  all  kinds,  has 
not,  because  of  their  youth,  compiised  any  considerable  expenditures 
upon  caissons,  gates  or  pumping  machinery. 

In  summation,  it  may  be  said  that  the  data  set  forth  herein  would 
appear  to  show  conclusively  that  the  average  yearly  expenditure  for 
the  repair  and  maintenance  of  a  masonry  dock,  built  in  the  best  manner 
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and   of  superior  materials,  is   inconsiderable,  both  in  the  aggregate  Mr.  Cathcart. 
and  in   the  percentage   of  the  original  cost;   while   the   same  items, 
with  regard  to  the  timber  docks  of  the  Navy,  are  unquestionably  very 
large. 

In  view  of  the  fact,  that,  for  10  years  past,  the  Government  has 
been  practically  committed  to  the  policy  of  timber  docks,  having, 
within  that  period,  built  six  of  this  material,  and,  of  the  further  fact 
that,  by  recent  legislation,  three  more  of  these  structures  are  author- 
ized, the  subject  is  presented  to  the  members  of  this  Society  for  dis- 
cussion. The  growth  of  the  United  States  as  a  nation,  and  the  results 
of  the  recent  war,  foreshadow  an  early  and  considerable  increase  in 
the  force  afloat.  The  defense  of  a  coast  line,  extraordinary  in  extent; 
the  acquirement  of  territory  beyond  the  sea,  which  must  be  held — as 
it  was  won — largely  by  the  Navy;  the  probable  entry  of  the  United 
States  into  Asiatic  politics;  and  the  prospective  revival  of  the  mer- 
chant marine,  which  the  fleet  must  lead  and  guard — all  point  to  this. 
The  full  consideration  of  any  factor,  therefore,  which  is  essential  to 
naval  strength — as  a  trustworthy  system  of  dry  docks  surely  is — must 
be  of  interest,  not  only  to  the  engineer,  but  to  every  man  who  has  at 
heart  the  welfare  of  the  country's  gallant  fleet. 

Table  No.   1. 


Dock. 

Years. 

Total 

on 

dock  proper. 

Average, 

dock  proper 

per  year. 

Previous 

average  per 

year. 

Stone,  Boston 

31 
15 

7 

$62  000 
18  776 
1613 

$2  000 

Stone,  Norfolk 

1  251 

230 

Totals 

53 
17g 

$82  389 
27  463 

$1  558* 

$3  481 

1  160 

Timber,  No.  2,  New  York 

Timber,  Norfolk 

10 
9 

10 
4 

$301  982 
74  203 
48  576 
16  262 

$30  198 
8  245 

4  857 

4  065 

Totals 

33 

8} 

$441022 
110  255 

$13  364* 

$47  365 

11841 

*  The  item  $1  558  is  on  the  basis  of  three  docks  at  17§  years  per  dock.  Similarly,  the 
item  $13  364  is  based  on  four  docks  at  8^  years  per  dock:  $13  364  is  about  8J  times  $1  558; 
or,  taking  previous  averages,  $11  841  is  about  10  times  $1  160. 

Commodore  George  W.  Melville.* — This  subject,  in  the  speaker's  Com  Melville. 
opinion,  is  of  prime  importance  to  the  further  development  and  main- 
tenance of  that  strength  upon  the  sea,  of  which — more  and  more  as  the 
years  pass — the  nation  will  find  itself  in  need. 

*  Chief  of  Bureau  of  Steam  Engineering,  U.  S.  N. 
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With  the  acquirement  of  distant  island  territory,  swarming  with 
bronze-hued  aliens,  "The  White  Man's  Burden,"  of  which  Kipling 
writes,  in  the  civilization  and  enlightenment  of  "the  silent,  sullen 
peoples."  is  laid  at  last  on  the  broad  shoulders  of  the  United  States. 
With  this  there  looms  up  as  well  a  golden  future  on  the  Pacific,  in  the 
extension  of  the  nation's  trade  to  its  uttermost  island  and  to  the  vast 
Asian  littoral  beyond.  Finally,  the  time  seems  ripe  for  the  merchant 
marine  to  take  again  its  proud  place  as  of  old,  when  its  flag  streamed 
over  every  sea. 

These  considerations  point  with  no  uncertain  hand  to  the  nation's 
need  in  the  early  future  of  a  strong  force  afloat;  and,  in  maintaining 
the  efficiency  of  that  force,  a  worthy  system  of  dock  construction  is  a 
cardinal  essential.  The  speaker  desires,  therefore,  to  place  on  record 
his  opinion— as  he  has  done  in  the  past — with  that  of  the  Secretary  of 
the  Navy,  with  that  of  his  distinguished  colleague,  Commodore  Endi- 
cott,  and  with  that  of  his  predecessor,  Admiral  Matthews,  as  being 
opposed  most  strongly  to  the  flimsy  structures,  costly  in  their  weak- 
ness, which  have  been  built  as  timber  dry  docks  for  the  Navy.  As  to 
the  use  of  wood  for  the  docks  of  private  corporations,  the  speaker  has 
nothing  to  say.  It  is  plentiful  and  cheap;  the  average  draught  of 
merchantmen  is  light;  the  structures  are  less  costly;  and  the  exigen- 
cies of  private  business  may  require  them.  With  Government  con- 
structions, however,  none  of  these  considerations  holds.  A  wise  nation 
builds,  not  only  for  its  generation,  but  for  its  sons  of  the  coming  years; 
and  we,  in  our  day,  are  not  true  to  this  principle  in  the  timber-ven- 
eered excavations,  perishable  and  perilous,  which,  for  10  years  past, 
have  been  inflicted  upon  the  Navy. 

The  speaker  will  consider,  first,  the  comparisons  which  have  been 
advanced  by  the  opponents  of  stone  docks,  with  regard  to  the  first 
cost  of  the  two  types.  In  this  matter  it  has  been  the  practice  of  some 
timber  advocates  to  compare  the  cost  of  wooden  docks,  built  by  con- 
tract for  the  Government,  with  that  of  granite  docks  constructed  in  the 
navy  yards  by  day's  labor,  extending  over  a  long  series  of  years,  as 
appropriations  were  made  from  time  to  time  by  Congress.  Thus,  it  is 
found  that  the  Simpson  Dry  Dock  Company,  in  its  public  arguments, 
has  instituted  such  comparisons  as  to  first  cost  between  its  own  timber 
docks,  built  by  contract  for  the  navy  in  from  22  months  to  2h  years, 
with  stone  docks  the  construction  of  which  by  the  Government  ex- 
tended, respectively,  over  6,  10  and  19  years. 

Such  comparisons  are  grossly  unfair.  The  only  just  system  as  to 
this  would  be  to  compare  timber  docks  and  stone  docks  built  under 
exactly  the  same  conditions;  that  is,  by  contract,  after  public  adver- 
tisement, under  authority  from  Congress  to  enter  into  contract  for  the 
full  completion  of  the  docks  at  the  earliest  possible  date.  For  the  first 
time  in  the  Navy's  history  it  is  now  possible  to  compare  the  relative 
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cost  of  timber  and  masonry  clocks  of  approximately  the  same  size  and  Com.  Melvilte 
to  be  built  under  substantially  the  same  conditions. 

The  proposals  opened  recently  for  a  dry  dock  at  Boston  will  furnish 
a  fair  comparison  in  this  respect.  The  lowest  bids  for  this  structure 
show  that  the  Government  will  be  able  to  build  by  contract  a  dock  of 
the  very  largest  size,  constructed  of  concrete  and  stone  masonry, 
within  the  sum  of  $1  000  000,  or  at  an  advance  of  but  25%"  upon  the 
amount  appropriated  by  Congress  for  each  of  the  three  timber  docks 
now  authorized.  In  view  of  the  cheapness  of  wood,  as  compared  with 
concrete  and  stone,  it  wrould  appear  either  that  its  manufacture  into  a 
timber  dock  is  a  somewhat  costly  operation,  or  else  that  there  is  a  very 
large  profit  included  in  the  sum  appropriated  by  Congress  for  these 
timber  docks.  The  matters  of  first  cost  and  of  cost  of  maintenance, 
however,  are  minor  issues  only,  which  should  have  no  determinate 
bearing. 

The  real  question  is  the  stability  and  safety  of  a  structure  which 
may,  at  any  time,  hold  within  it  a  great  battleship,  costing  millions  of 
dollars  and  swarming  with  hundreds  of  men.  The  nation,  to  save 
dollars,  cannot  afford  to  imperil  its  naval  strength  or  to  risk  human 
life;  and  these  very  things  its  policy  of  unwisdom  as  to  docks  com- 
pels daily  in  the  entrance  of  ships  into  structures  which  have  shown, 
time  and  again,  their  weakness.  None  of  the  timber  docks  of  the 
Navy  exceeds  10  years  in  age,  and  yet  abutments  have  moved  inward, 
and  other  injuries,  more  or  less  serious,  have  occurred  to  them,  ex- 
tending from  the  bursting  in  of  the  altar  system,  as  at  League  Island, 
Port  Royal  and  New  York,  to  the  distortion  of  the  floor  of  the  dock, 
as  at  Port  Royal,  and  the  partial  collapse,  in  the  case  of  Dry  Dock  No. 
3  at  New  York.  That  no  catastrophe — great  in  financial  loss  and 
appalling  in  the  destruction  of  life — has  yet  occurred,  is  due  solely 
to  the  care  and  skill  of  those  in  charge  of  these  weak  docks.  The 
battleship  Massachusetts  was  saved—  during  the  partial  collapse  of 
Timber  Dock  No.  3  at  New  York — only  by  the  hasty  flooding  of  the 
structure  and  the  hurried  removal  of  the  ship  from  its  treacherous 
grasp. 

In  discussing  the  relative  strength  of  the  two  types  of  docks,  the 
opponents  of  stone  lay  stress  only  upon  the  capacity  to  withstand  the 
vertical  thrust  of  the  ship  upon  the  flooring  of  the  dock.  The  stone 
dock  may  rest  on  a  bed  of  natural  rock,  or  in  one  of  impervious  clay, 
or  upon  piling  foundations.  The  timber  dock  is  built  always  upon 
piles.  The  calculations  referred  to,  therefore,  in  the  most  difficult 
cases,  consist  simply  of  those  based  upon  the  strength,  penetration 
and  cross-section  of  the  piling,  involving  but  little  engineering  skill. 
These  statements  are  ex  parte  and  fallacious,  and  ignore  wholly  the 
inherent  and  vital  weakness  of  the  timber  dock,  which  lies  in  its  ten- 
dency to  inward  collapse  under  the  hydrostatic  pressure  horizontally 
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Com.  Melville,  and   from  without,  upon  its  sides,  and  vertically  from  beneath,  upon 
its  door. 

No  such  danger  threatens  a  properly  constructed  dry  dock  of 
masonry.  With  good  materials  and  workmanship,  it  is  possible  to 
make  it  absolutely  water-tight,  and  the  structure  lias,  in  itself,  a 
weight  more  than  sufficient  to  withstand  the  hydrostatic  pressure  from 
without.  Stone  and  concrete  give  it  that  weight,  and,  since  these 
materials,  when  properly  embodied,  will  last  for  centuries,  that  weight 
can  never  be  lost.  For  all  practical  purposes,  the  stone  dock  is  as 
enduring  as  the  everlasting  hills. 

With  the  timber  dock  the  case  is  radically  different.  Its  integrity 
— fleeting,  at  best — depends  solely  upon  success  in  pinning  it  to  the 
ground.  Such  a  dock  has  merely  a  thin  veneering  of  timber,  lining 
the  excavation  and  held  down  by  piles  driven  into  the  soil,  to  which 
piles  the  timbers  are  bolted.  It  would  be,  obviously,  both  futile  and 
dangerous  to  attempt  to  exclude  from  such  a  structure  the  entrained 
water  in  the  surrounding  soil.  The  timber  dock,  therefore,  is  one  of 
tight  joints  only  in  the  abutments,  being  open  as  a  sieve  elsewhere, 
and  leaking,  more  or  less,  as  the  amount  of  water  in  the  circumjacent 
ground  is  large  or  small.  It  lacks  utterly,  therefore,  the  tightness 
and  weight  which  give  stability  and  permanence  to  the  dock  of  stone. 

Furthermore,  it  is  apparent  that  this  hydrostatic  pressure — which, 
in  graving  docks,  is  the  chief  force  to  be  met  and  guarded  against — 
increases  with  the  depth.  As  this  dimension  increases,  therefore,  the 
more  unfavorable  become  the  conditions  for  the  wooden  dock,  which 
has  relatively  no  inherent  weight  to  oppose  resistance  to  pressure 
from  without.  With  such  increase,  its  stability  and  safety  suffer 
rapid  decrease,  and  there  is  swift  growth  in  the  tendency  to  rupture 
the  bottom  and  sides.  From  this  point  of  view,  the  question  becomes 
one  of  great  importance  and  risk,  with  regard  to  the  very  deep  docks 
which  are  now  necessary  for  the  larger  cruisers  and  battleships  of  the 
Navy. 

It  has  been  shown  that  the  leakage  of  the  timber  dock  depends 
simply  upon  the  amount  of  water  present  in  the  adjacent  soil.  Now, 
this  very  leakage,  which  in  one  sense  is  an  element  of  safety  to  the 
structure,  is,  in  another,  a  source,  ultimately,  of  sure  and  grave 
danger;  for  soil  is  carried  in  with  the  leakage,  the  latter  increases, 
and  there  is  displaced  finally  so  much  material  as  to  cause  at  least 
a  partial  failure.  This  was  the  case  recently  in  Dry  Dock  No.  3,  at  the 
Navy  Yard,  New  York. 

In  a  stone  clock,  however,  a  leak  is  not  followed  by  such  results, 
since  the  structure  is  homogeneous  and  all  joints  are  water  tight.  The 
failure  of  one  or  more  of  the  latter  does  not,  therefore,  involve  neces- 
sarily the  failure  of  others.  As  a  matter  of  fact,  the  stone  docks  at 
the  Navy  Yards  of  Boston  and  New  York  have  leaks  to-day  which  have 


Papers.]  DISCUSSION"   ON   DRY   DOCKS.  105 

existed  for  many  years  without  measurable  increase  and  without  in-  Com.  Melville, 
volving  the  structures  to  any  extent.  It  is  true  that  the  masonry  at 
the  entrance  of  the  Boston  dock  has  been  displaced  slightly  by  the 
action  of  frost  upon  the  open  joints;  but  the  weight  of  the  structure 
is  such  that,  if  these  joints  were  all  open,  it  would  still  act  as  a  dry 
retaining  wall  or  arch,  without  danger  of  failure. 

At  least  two  of  the  timber  dry  docks  of  the  Navy  suffer  from  ex- 
cessive leakage,  with  its  resultant  dangers.  At  the  Norfolk  yard,  the 
wooden  dock  is  founded  in  a  bed  of  clay  of  excellent  quality,  and  the 
leakage  is  very  small.  That  of  Timber  Dock  No.  2,  at  the  Navy  Yard, 
New  York,  amounts  to  little  more  than  100  galls,  per  minute,  which  is 
moderate,  considering  the  character  of  the  soil.  The  leakage  of  the 
timber  dock  at  Puget  Sound,  is  not  much  more;  but  this  is  due  chiefly 
to  the  fact,  that,  in  the  construction,  provision  was  made  for  admitting 
the  water  from  the  soil,  through  a  system  of  sub-drains  and  valves, 
into  the  drainage  culvert,  and  thence  to  the  pump-well,  from  which  it 
is  discharged  by  the  drainage  pumps.  This  was  done  in  order  to  re- 
lieve, largely,  the  bottom  of  the  dock  from  hydrostatic  pressure. 

With  the  wooden  dock  at  League  Island,  however,  no  such  advant- 
ageous conditions  prevail.  It  has  always  leaked  excessively,  the 
amount  entering  from  the  surrounding  soil  varying  from  1  200  to 
1  700  galls,  per  minute.  This  great  volume  taxes  fully  the  drainage 
apparatus  originally  installed;  and,  to  obviate  the  inconvenience  and 
risk,  which  would  arise  from  the  failure  of  this  pump,  a  duplicate  ap- 
paratus has  been  erected.  This  duplicate  pump  stands  to-day  an  elo- 
quent, if  silent,  monitor  as  to  the  unwisdom  of  the  wooden  dock  for 
national  use.  When  a  ship  is  in  the  dock  and  it  is  necessary  to  keep 
the  floor  dry,  one  of  these  drainage  pumps  runs  constantly. 

At  the  Port  Royal  Dry  Dock,  the  leakage  is  about  the  same,  and  it 
was  found  necessary  to  tit  reliefs  very  largely  in  the  bottom  and  sides, 
in  order  to  prevent  a  recurrence  of  the  upheaval  and  rupture  of  the 
structure,  which  occurred  about  the  time  of  its  completion. 

The  foregoing  has  referred  to  the  stability  and  safety  of  national 
docks  of  wood,  in  the  past.  The  speaker  will  now  examine  briefly  the 
programme  for  the  future.  In  the  Act  of  Congress,  approved  May  1th, 
1898,  there  were  authorized  four  new  dry  docks  for  the  Navy,  one  each 
at  Portsmouth,  N.  H. ;  Boston,  League  Island  and  Mare  Island — 
all  to  be  of  the  largest  size.  All  these  docks  were  to  be  of  timber,  at 
a  cost  not  exceeding  $825  000  each;  but  the  Secretary  of  the  Navy 
was  authorized,  in  his  discretion,  to  build  one  of  granite,  or  concrete 
faced  with  granite,  the  limit  of  cost,  in  this  case,  being  increased  by 
$200  000. 

In  the  exercise  of  the  discretionary  powers  lodged  in  him,  the  Sec- 
retary of  the  Navy  decided  to  build  the  dock  at  Boston  of  granite,  or 
concrete  faced  with  granite.     As  stated  previously,  the  bids  for  this 
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Com,  Melyille.  dock  fall  considerably  within  the  appropriation  and  are  about  25%  in 
excess  of  the  amount  appropriated  for  each  of  the  wooden  docks. 

The  absurdity  of  a  further  continuance  of  the  policy  of  extrava- 
gance and  disaster  in  the  building  of  wooden  docks  is  shown,  not  only 
by  the  Tacts  above  given  as  to  the  relative  costs  of  the  types,  but  by 
further  facts  with  regard  to  the  soil  in  which  the  proposed  docks  are 
to  be  located.  For  instance,  that  to  be  built  at  League  Island  will 
meet  the  same  adverse  conditions  to  which  its  timber  predecessor 
there  has  succumbed.  The  soil  there  contains  a  stratum  of  compact 
sand  and  gravel,  which  is  water-bearing,  and  the  surface-water,  when 
it  meets  this  stratum,  flows  into  the  dock,  the  latter  acting  as  a  huge 
drain.  Shall  there  be  erected  at  League  Island,  more  duplicate 
puinps,  as  costly  monuments  to  the  timber  folly? 

Again,  borings  at  the  jjossible  sites  for  the  proposed  timber  dock 
at  Portsmouth,  N.  H.,  show,  thus  far,  that  the  excavation  for  this  dock 
must  be  blasted  from  granite,  and,  then  to  comply  with  law,  be  lined 
with  wood.  The  advocates  of  timber  could  ask  no  deeper  devotion  to 
their  theories  and  interests,  than  this. 

In  the  speaker's  view,  Congress  has  acted  in  this  matter  without 
full  knowledge  of  all  that  bears  upon  the  case.  Commodore  Endicott, 
in  a  report  to  the  Secretary  of  the  Navy,  which  has  been  transmitted 
to  Congress,  has  set  forth  the  facts  with  clearness  and  great  strength. 
The  matter  is  of  such  importance  to  the  future  of  our  gallant  tieet, 
that  its  discussion  cannot  be  too  wide.  As  an  engineer  who  has  served 
both  ou  land  and  sea,  the  speaker  regards  it,  therefore,  as  a  duty  and 
a  pleasure  to  present  his  views  on  this  subject. 
Com.  Endicott.  M.  T.  Endicott,*  M.  Am.  Soc.  C.  E. — It  is  probable  that  the  first 
dry  docks  were  constructed  in  Great  Britain.  It  is  known  that,  in  the 
time  of  Queen  Elizabeth,  docks  for  the  reception  of  vessels  needing 
repairs  were  made  by  excavations  into  the  soil  bordering  water-ways, 
lined  with  timber  and  backed  with  clay  to  protect  the  floor  and  sides, 
and  fitted  with  gates  at  the  entrance  to  shut  out  the  water.  The 
vessels  at  that  time  were  quite  small  and  the  docks  were  of  correspond- 
ing dimensions. 

In  the  time  of  Charles  II  several  docks  were  constructed  in  English 
ports,  for  the  use  of  the  British  Navy,  which  were  of  considerable  size. 
These  were  also  of  timber. 

So  far  as  the  records  now  show,  all  the  earliest  docks  were  of  wood, 
and  were  what  are  now  called  graving  docks;  that  is,  the  dock  was 
formed  by  making  an  excavation  in  the  earth  and  lining  the  bottom 
and  sides,  thus  forming  a  receptacle  for  the  vessel,  into  which  it  could 
be  floated,  landed  upon  supports,  and  left  accessible  for  examination 
and  repairs  when  the  water  should  be  exhausted  from  the  dock.  As 
time  went  on,  and  larger  and  better  docks  were  called  for,  the  con- 
*  Chief  of  Bureau  of  Yards  and  Docks,  TJ.  S.  N. 
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struetion  gradually  changed,  and  brick  and  stone  came  into  service  for  Com.  Endicotl 
the  construction  of  certain  portions  of  the  docks,  and  at  present  there 
are  on  the  Thames  many  docks  which  are  built  of  all  these  materials 
in  combination;  that  is,  partly  of  wood  and  partly  of  brick  or  stone, 
and,  in  the  case  of  those  of  later  construction,  of  concrete,  also. 

The  transformation  has  progressed  in  Europe  to  such  an  extent 
that,  at  the  present  time,  practically  all  the  large  docks  are  built  ex- 
clusively of  masonry,  classifying  concrete,  for  the  present  purpose, 
under  the  head  of  masonry,  although  strictly  speaking  it  is  not.  The 
records,  so  far  as  accessible,  show  that  abroad  there  are  no  construc- 
tions of  this  kind  in  timber.  The  present  Chief  Constructor  of  the 
Navy,  Mr.  Hichborn,  who  visited  Europe  in  1885,  states  that  at  that 
time  the  later  docks  were  built  largely  of  concrete,  and  were  of  the 
most  substantial  construction;  and  speaking  of  those  on  the  Thames 
(private  docks),  a  number  were  built  of  wood,  but  the  principal  docks 
were  of  masonry  or  concrete. 

Masonry  docks  are  the  outgrowth  of  some  centuries  of  experience 
in  the  construction  and  use  of  works  of  this  kind.  In  foreign  practice, 
it  is  a  case  of  the  survival  of  the  fittest. 

The  first  dry  docks  in  America  were  constructed  by  the  United 
States  Government,  and  were  begun  about  the  year  1828.  Before  these 
were  undertaken,  Congress  authorized  the  Secretary  of  the  Navy  to 
engage  a  skilful  engineer  to  prepare  the  designs  for  these  structures, 
and  Colonel  Loammi  Baldwin,  of  Boston,  Mass.,  was  employed.  He 
came  to  the  duty  well  fitted  for  the  work,  having  prepared  himself  es- 
pecially by  a  visit  to  Europe  for  the  purpose  of  studying  structures  of 
this  class.  With  the  experience  of  the  Old  World  before  him,  he  very 
wisely  decided  to  model  the  structures  for  this  Government  after  those 
which  had  been  evolved  from  the  experience  of  so  many  years  abroad, 
and  he  made  the  two  docks  then  authorized  for  the  Navy,  at  Boston 
and  Norfolk,  the  finest  examples  of  fine  masonry  in  submarine  works 
that  then  existed  in  this  country.  They  were  regarded  as  among  the 
best  and  most  creditable  public  works  built  for  the  Government  up  to 
that  time,  and  were  pointed  to  with  pride  as  works  showing  great  skill 
in  design  and  execution,  and  well  adapted  for  the  purpose  of  docking 
and  repairing  the  vessels  of  the  Navy. 

The  construction  of  these  docks  extended  over  several  years,  and 
they  were  not  completed  until  1834.  They  were  built  at  a  compara- 
tively moderate  cost,  the  Boston  dock  costing  about  8677  000,*  and  the 
Norfolk  dock  about  $943  000.  Both  were  substantially  founded  upon 
piles,  were  built  entirely  of  stone,  and  were  faced  with  cut  granite  of 
the  finest  quality  and  workmanship. 

The  granite  dry  dock  at  the  Brooklyn  Navy  Yard,  completed  in 

1854,  followed,  and,  for  various  reasons,  was  a  very  expensive  structure, 

*  This  dock  was  afterward  extended  in  length,  bringing  its  cost,  to  date,  up  to  $972  000. 
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Com.  Endicott.  costing  $2  000  000;  and  then  came  the  dry  dock  at  Mare  Island,  Cal., 
which  is  a  concrete  structure  lined  with  cut  granite. 

In  the  interval  between  the  construction  of  the  Boston  and  Norfolk 
docks,  and  that  at  Mare  Island,  the  Government  built  several  float 
ing  dry  docks  of  wood.  Two  or  three  were  of  the  balance  type,  that 
is,  of  one  section,  and  several  others  were  of  the  sectional  type,  and  in 
the  case  of  those  300  ft.  or  more  in  length,  the  sections  numbered  as 
many  as  nine.  The  balance  docks  were  used  in  connection  with  shallow 
basins,  as  were  the  sectional  docks,  in  order  that  a  ship,  taken  up  by 
the  floating  dock,  could,  by  the  sinking  of  the  dock  upon  the  floor  of 
the  basin,  be  hauled  out  upon  a  railway  on  shore  for  extensive  repairs, 
while  the  dock  could  be  used  for  docking  vessels  for  slight  repairs, 
not  requiring  hauling  out. 

It  is  not  the  purpose  to  discuss  the  merits  of  floating  docks.  This 
is  simply  mentioned  as  an  incident  in  the  history  of  the  dry  docks  of 
the  Navy.  They  had  their  day,  but  not  proving  so  satisfactory, 
durable  or  convenient  as  the  masonry  graving  dock,  they  were  not 
replaced.  They  gradually  deteriorated  so  much  as  to  require  extensive 
rebuilding.  To-day  only  one  of  these  clocks  remains  in  service,  that  at 
the  Portsmouth,  N.  H. ,  Navy  Yard,  and  it  is  now  safe  only  for  vessels 
weighing  a  little  more  than  1  000  tons. 

The  timber  graving  docks  of  the  present  day  in  the  United  States 
did  not  originate  in  the  Navy.  They  were  constructed  first  on  the 
Great  Lakes.  A  timber  dock  built  at  Buffalo,  N.  Y. ,  as  early  as  1840, 
was  inspected  by  the  speaker  a  few  years  ago,  when  he  was  assured  by 
the  officers  of  the  company  then  owning  it,  that  it  was  built  not  later 
than  the  year  named.  The  speaker  has  been  led  to  believe,  from  some 
investigations  made  since,  that  it  was  built  even  earlier  than  that  time, 
and  that  the  timber  graving  dock  made  its  appearance  in  this  country 
as  early  as  1837  or  1838.  Others  followed,  and  many  docks  of  this 
type  are  now  to  be  found  in  Buffalo,  Cleveland,  Chicago,  Detroit,  Port 
Huron  and  other  places.  While  they  differ  in  details  from  each  other 
and  from  those  built  on  the  Atlantic  coast,  they  are  all  of  the  same 
general  type,  in  that  the  excavation  is  lined  entirely  with  wood  secured 
to  piles  driven  in  the  bottom  and  upon  the  slopes  of  the  sides,  and 
faced  with  longitudinal  timbers,  forming  steps  or  altars  upon  the 
sides. 

The  first  timber  dry  dock  built  upon  the  Atlantic  Coast  was  at 
Boston,  Mass.,  in  1854,  fully  14  years  after  the  construction  of  a 
similar  dock  upon  the  lakes.  It  was  of  the  same  general  construction, 
and  differed  only  in  details.  Other  docks  upon  the  Atlantic  Coast  fol- 
lowed, all  built  by  J.  E.  Simpson  <fc  Company,  so  that  here  this  type 
of  dock  has  come  to  be  called  the  "  Simpson  "  dry  dock. 

About  the  year  1886  the  question  of  the  construction  of  additional 
dry  docks  for  the  Navy  became  an  important  one,  as  the  Navy  was 
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building  vessels  of  steel  which  required  frequent  docking;  and,  as  the  Com.  Endicott. 
old  sectional  docks  were  disappearing,  the  need  for  further  docking 
facilities  was  felt. 

Without  entering  into  all  the  reasons  which  led  the  Government  to 
abandon  the  construction  of  masonry  docks  and  take  up  with  those  of 
timber,  it  may  be  said  that  this  was  due  to  the  advocacy  of  this  type 
of  dock  by  persons  in  civil  life  who  were  interested  in  their  construc- 
tion, and  by  a  few  officers  inside  the  naval  service  who  had  championed 
the  cause  of  this  type. 

The  timber  dock  was  presented  to  the  attention  of  the  Navy  as  pos- 
sessing not  only  many  good  qualities,  but  many  far  superior  to  those 
of  the  stone  dock.  The  most  attractive  arguments  presented  by  the 
advocates  of  the  former  were  its  cheapness,  its  convenience  in  the  way 
of  accessibility  to  the  floor  by  the  gently  sloping  sides  and  low  altars, 
its  width  on  top,  admitting  light  and  air  freely,  its  immunity  from  the 
disintegrating  effects  of  frost,  and  its  greater  comfort  for  workmen  in 
winter  weather.  A  negative  advantage,  as  urged  recently  by  one  of 
its  strongest  advocates,  before  the  Senate  Naval  Committee,  is  that 
"  it  will  last  40  years,  and  that  is  long  enough  for  anything  to  last." 

The  arguments  advanced  by  its  advocates  were  successful  in  secur- 
ing favorable  action  in  the  committees  of  Congress,  and  the  first  ap- 
propriations for  timber  dry  docks  were  made  in  1887,  providing  for 
two,  one  at  the  New  York  yard  and  one  at  the  Norfolk  yard.  These 
were  followed  by  one  at  the  League  Island  yard,  completed  in  1891 ; 
one  at  the  Port  Royal  Naval  Station,  completed  in  1895;  one  at  the 
Puget  Sound  Naval  Station,  with  a  masonry  entrance,  which  was  com- 
pleted in  1896,  and  one  in  the  New  York  Navy  Yard,  called  Dry  Dock 
No.  3,  completed  in  1897.  The  Government  was  thus  fairly  launched 
on  the  policy  of  the  construction  of  timber  dry  docks,  and  it  seemed 
as  though  it  would  be  impossible  to  again  secure  an  appropriation 
from  Congress  of  an  amount  sufficient  to  build  a  masonry  dry  dock; 
in  fact,  the  acts  making  appropriation,  in  almost  every  instance,  as 
well  as  limiting  to  an  amount  only  sufficient  for  a  timber  dry  dock, 
provided  specifically  for  one  of  such  material. 

The  last  Congress  made  provision  for  four  timber  dry  docks,  to  be 
constructed,  one  each  at  Portsmouth,  N.  H.,  Boston,  Mass.,  League 
Island,  Pa.,  and  Mare  Island,  Cal.,  but  provided  that  the  Secretary  of 
the  Navy  might,  in  his  discretion,  build  one  of  them  of  granite,  or  con- 
crete lined  with  granite,  and  in  such  case  the  limit  of  cost  was  to  be 
increased  $200  000,  to  a  total  of  $1  025  000.  The  Secretary  exercised 
the  authority  granted  by  this  act  by  deciding  that  the  Boston  dock 
should  be  of  granite  or  concrete  lined  with  granite,  and  plans  and 
specifications  were  prepared  for  a  dock  of  this  character.  Bids  were 
opened  on  January  31st,  1899,  in  the  Bureau  of  Yards  and  Dorks,  and 
resulted  in  a  proposition  providing  for  a  dock  with  granite  facing  and 
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Com.  Endicott.  concrete  backing;  complete,  for  about  the  amount  of  the  appropria- 
tion, or  about  §1  000  000.  This  result  was  much  more  favorable  than 
anticipated,  and  showed  for  the  first  time  that  a  masonry  dock  of  the 
largest  size  and  the  best  construction  could  be  built  for  a  sum  not 
greatly  in  excess  of  the  cost  of  a  timber  dock  of  the  same  general  fea- 
tures and  dimensions. 

Prior  to  the  final  passage  of  the  act  making  appropriation  for  these 
last-named  docks,  the  Department  had  been  before  the  Senate  Naval 
Committee  in  advocacy  of  the  construction  of  granite  rather  than 
timber  docks,  and  the  Board  on  Dry  Docks,  appointed  by  the  Depart- 
ment in  1897,  had  reported  recommendations  which  were,  in  effect,  in 
favor  of  the  policy  of  docks  of  masonry  instead  of  timber.  This 
report  was  laid  before  Congress  by  the  Department.  The  Depart- 
ment had  thus  taken  such  steps  as  it  might  to  bring  to  the  attention 
of  Congress  its  views  and  advice  in  the  matter  of  the  construction  of 
these  important  structures,  and  the  action  of  Congress,  having  been 
substantially  adverse  to  this  advice,  the  Department  was  not  disposed 
to  pursue  the  matter  further  with  respect  to  the  docks  then  author- 
ized and  provided  for. 

The  possibilities  in  the  way  of  the  construction  of  masonry  docks, 
as  shown  by  the  letting  just  referred  to,  were  of  such  importance  that 
the  Bureau  believed  it  advisable  to  bring  them  particularly  to  the  at- 
tention of  the  Department,  and,  through  it,  to  Congress,  with  a  view  to 
securing  a  reversal  of  the  action  already  taken  in  the  act  referred  to. 

The  subject  of  the  advisability  of  constructing  these  works  of 
stone  rather  than  of  timber  had  received  much  attention  from  engi- 
neers and  from  the  press,  and  there  seemed  to  be  a  wide  interest  in 
the  matter,  and  a  strong  public  sentiment  against  the  course  pre- 
scribed by  Congress  with  reference  to  the  material  of  which  they  were 
to  be  constructed.  It  had  also  become  quite  apparent  that  the  gen- 
eral sentiment  among  officers  of  the  naval  service  who  took  an  interest 
in  the  matter  and  had  paid  much  attention  to  it,  was,  with  very  few 
exceptions,  strongly  in  favor  of  masonry  docks.  Altogether,  it  seemed 
to  the  Bureau  that  the  result  of  the  bids  for  the  Boston  dock  indicated 
that  the  time  had  arrived  for  the  Department  to  make  another  effort 
to  save  the  Navy  from  the  construction  of  more  timber  docks.  In 
making  such  a  move  there  seemed  to  be  a  prospect  of  success,  and  the 
Bureau  addressed  a  letter  (published  in  the  New  York  Tribune),  to  the 
Secretary  of  the  Navy,  strongly  urging  the  Department  to  make 
another  effort  with  Congress  to  abandon  the  construction  of  timber 
dry  docks  and  re-enter  upon  the  policy,  which  it  instituted  in  the 
early  years  of  the  century,  of  building  for  its  Navy  the  safest  and  best 
dry  docks,  and  which  had  become  the  policy  of  all  other  first-class 
naval  powers. 

In  pursuance  of  this  recommendation,  the  Department  has  again 
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"brought  tha  matter  to  the  attention  of  Congress,  through  its  naval  Com.  Endieott. 
committees,  and  has  laid  before  them  the  Bureau's  recommendations 
iu  the  matter,  with  its  earnest  approval.  The  matter  has  been 
brought  up  at  au  opportune  time,  for  several  reasons:  Because  the 
timber  docks  heretofore  built  are  beginning  to  show  that  they  are 
temporary  and  unsafe  structures;  becairse  the  proposals  for  the  Boston 
dock  show  that  a  first-class  masonry  dock  can  be  constructed  for  a 
reasonable  sum  and  at  a  moderate  increase  over  the  cost  of  a  timber 
dock;  and  because  the  public  mind  is  alive  to  the  subject  and  strongly 
in  favor  of  good,  substantial,  creditable  structures  of  this  kind  for  the 
Navy.  Therefore,  the  recommendations  and  efforts  of  the  Navy  De- 
partment, backed  by  a  disinterested,  logical  and  earnest  sentiment, 
are  almost  sure  to  bring  about  a  change  in  the  present  policy. 

A  timber  dock  is  a  temporary  structure,  and  as  the  chief  material 
entering  into  its  construction  is  wood,  it  requires  very  extensive  re- 
newals at  an  early  day,  varying,  according  to  the  kind  of  wood  used 
and  the  local  influences,  from  20  to  25  years,  when  they  amount  to  a 
practical  rebuilding  of  the  upper  portion  of  the  structure,  and  fre- 
quently its  entire  reconstruction.  While  the  first  cost  of  a  timber  dock 
is  small,  compared  with  that  of  a  masonry  dock,  the  rapid  deterioration 
referred  to  results  in  considerable  expenditures  at  the  end  of  a  few 
years,  if  the  structure  is  kept  in  good  condition,  and  if  the  repairs  and 
renewals  are  of  an  extent  necessary  to  preserve  the  dock  in  a  condition 
as  safe  and  good  as  when  completed.  The  experiences  in  the  Navy, 
thus  far,  with  timber  docks,  although  extending  over  only  a  few  years 
— the  dock  now  longest  in  use  having  been  built  about  10  years  ago — 
show  that  the  expenditures  necessary  to  restore  them  to  their  original 
condition  at  the  end  of  this  latter  period  are  very  considerable,  and 
appear  to  be  several  times  as  great  as  those  for  a  stone  dock  of  about 
the  same  dimensions.  For  the  purposes  of  a  fair  comparison  the  cost 
of  the  maintenance  and  renewal  of  accessory  structures,  as  caissons, 
pumping  machinery,  etc.,  should  be  neglected,  and  a  parallel  should 
be  drawn  entirely  between  the  expenditures  made  upon  the  dry  dock 
structures  proper;  which,  in  the  case  of  one,  would  be  stone  and  con- 
crete, and  in  the  case  of  the  other,  timber. 

The  records  of  the  stone  docks  of  the  Navy,  as  far  as  they  have 
been  collated,  show  that,  generally  speaking,  the  repairs  are  very  small 
indeed;  the  only  instance  in  which  any  individual  repair  has  been  of 
considerable  magnitude  being  in  the  case  of  the  stone  dock  at  the 
Brooklyn  Navy  Yard,  where  the  masonry  joints  became  injured  on 
account  of  the  presence  of  springs  and  the  action  of  frost.  This  con- 
dition was  due  largely  to  the  fact  that  the  cement  used  in  the  mortar 
for  the  joints  was  native  hydraulic  cement,  not  Portland  cement.  The 
work  was  repaired  about  the  year  1886,  the  masonry  at  the  entrance 
and  some  at  the  head  being  taken  up  and  relaid  with  Portland  cement 
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Com.  Endicott.  of  the  first  quality.  Although  these  repairs  have  been  completed  for 
many  years,  they  appear  to  be  entirely  successful,  and  there  has  been 
no  recurrence  of  injury  to  the  joints.  It  seems  quite  safe  to  say  that 
if  high-grade  Portland  cement  mortar  had  been  used  originally,  there 
would  have  been  no  such  trouble,  and  the  work  would  probably  have 
lasted  until  the  present  time  without  any  material  injury. 

The  records  of  the  repairs  to  the  stone  docks  extend  over  a  great 
many  years  prior  to  the  Civil  War,  and  the  collection  of  exact  and  full 
data  in  regard  to  the  expenditures  upon  them  is  difficult,  but  those 
which  have  been  examined  and  compiled  are  sufficiently  extensive 
and  accurate  to  be  a  fair  index  of  the  repairs  to  such  structures. 

Without  repeating  here  the  details  and  figures,  it  is  to  be  said  that 
the  average  annual  cost  of  repairs  upon  the  masonry  docks  has  been 
very  small  indeed,  and  has  amounted  to  a  very  trifling  percentage  of 
the  cost  of  the  work. 

The  records  of  the  expenditures  upon  the  timber  docks  and  their 
present  i^hysical  condition  are  full,  exact  and  easily  obtained,  and  show 
that  not  only  is  the  cost  of  repairs  per  year  very  much  greater  than 
for  stone  docks,  but  that  the  percentage  of  the  original  cost  put  out 
in  repairs  is  several  times  as  great  as  in  the  case  of  the  masonry 
docks. 

In  the  matter  of  cost,  the  experience  of  the  Navy  has  been  that  in 
the  case  of  the  masonry  docks  last  built,  it  is  large;  but  that  those 
first  built,  comprising  the  docks  at  the  Boston  and  Norfolk  Navy 
Yards,  although  of  the  finest  quality  of  cut  granite,  did  not  cost  as 
much,  being  in  each  case  less  than  $1  000  000.  The  large  cost  of  the 
masonry  docks  was  due  to  several  causes;  in  the  first  place,  they  were 
not  built  by  contract,  but  by  day's  work  by  navy-yard  employees,  and 
the  materials  were  purchased  or  contracted  for  piece-meal.  The  ap- 
propriations for  the  work  were  made  by  Congress  in  such  a  way  that 
labor  and  expenditures  extended  over  long  periods  of  time,  thus  en- 
hancing the  cost  and  resulting  in  decay  and  injury  to  the  coffer-dams 
and  accessory  structures,  and  the  disintegration  of  the  soil  exposed  in 
excavations  from  the  action  of  the  elements,  on  account  of  the  many 
seasons  covered  by  the  work. 

The  timber  docks  for  the  Navy  were  all  built  by  contract,  after 
public  advertisement,  and,  by  the  authority  of  Congress,  contracts 
were  made  for  the  entire  completion,  thus  enabling  the  work  to  be 
taken  in  hand  and  pushed  through  with  the  greatest  possible  despatch. 
It  will  be  seen,  therefore,  that  the  records  of  the  Navy,  in  the  matter 
of  the  costs  of  timber  and  stone  docks  as  built,  afford  no  fair  basis  of 
comparison,  and  one  of  the  great  advantages  which  has  been  urged  in 
favor  of  the  timber  dock  is  the  smaller  relative  cost.  It  has  even  been 
claimed  that  the  interest  on  the  cost  of  a  masonry  dock  was  sufficient 
to  build  and  maintain  a  timber  dock  indefinitely.      This  comparison 
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has  almost  invariably  been  drawn  between  a  timber  clock  built  by  con-  Com.  Endicott. 
tract,  and  either  the  New  York  or  Mare  Island  stone  docks,  which  latter 
were  built  by  day's  labor,  the  work  extending  through  a  long  term  of 
years. 

An  opportunity  has  been  afforded  recently  for  instituting  a  some- 
what accurate  comparison  of  the  relative  cost  of  these  two  types  of 
dry  dock  by  the  proposals  received  for  the  construction  of  a  con- 
crete and  stone  dock  designed  for  the  Boston  Navy  Yard.  These 
bids  were  based  upon  conditions  very  similar  to  those  which  obtained 
in  the  cases  of  the  timber  dry  docks;  that  is,  Congress  having  author- 
ized the  entire  construction  of  the  dock  within  a  certain  limit  of 
cost,  the  plans  and  specifications  were  made  and  competitive  bids 
were  invited,  after  public  advertisement,  the  work  to  be  completed 
in  a  period  not  exceeding  2h  years,  and  as  much  shorter  as  the  con- 
tractor may  desire  to  make  it. 

These  bids  show  that  a  dock  of  the  largest  size  can  be  built  of 
concrete  lined  with  cut  granite,  and  complete  with  all  accessories, 
at  a  cost  of  about  $1  000  000,  or  only  about  25,%'  in  excess  of  the 
amount  fixed  by  Congress  as  a  limit  of  cost  for  each  one  of  the 
timber  dry  docks  to  be  built  of  the  same  size  and  under  similar  con- 
ditions. It  will  be  seen,  and  must  be  admitted,  that  such  a  com- 
parison is  fairer  and  much  more  accurate  than  that  previously  re- 
ferred to,  where  the  cost  of  the  timber  dock  by  contract  was  about 
•$600  000,  and  the  cost  of  the  stone  docks  at  Mare  Island  and  New 
York  was  $2  000  000  in  one  instance  and  $2  750  000  in  the  other. 

This  is  the  first  time  in  the  history  of  dry  dock  construction  in 
the  Navy  that  such  a  comparison  of  the  cost,  under  similar  condi- 
tions, has  been  possible.  The  result  is,  of  course,  beyond  dispute, 
and  so  favorable  to  the  masonry  dock,  in  the  matter  of  relative  cost, 
as  to  be  of  the  greatest  value  and  significance.  It  shows  that  the 
relative  costs  of  these  works  heretofore  claimed  by  the  advocates  of 
the  timber  dock,  and  their  general  acceptance  by  the  public,  were 
wrong  and  misleading. 

The  claims  set  up  for  the  timber  dock,  based  upon  these  compari- 
sons, have  had  great  influence  upon  the  public  mind  and  upon  Con- 
gress and  its  committees,  and  have  resulted  in  the  practical  adop- 
tion of  this  type  of  dry  dock  for  the  United  States  Navy  for  the  last 
twelve  years,  during  which  time  the  Government  has  more  than 
doubled  its  docking  facilities  by  the  construction  of  six  timber  docks. 
While  other  claims  have  been  made  for  the  timber  dock  as  superior  to 
the  stone  dock,  there  is  no  doubt  that  the  matter  of  first  cost  has 
largely  determined  the  action  of  the  committees  in  Congress;  but  the 
result  foreshadowed  in  the  proposals  for  the  Boston  dock  is  a  perma- 
nent niasom-y  dock  at  an  increased  cost  of  only  about  25%  over  a  tem- 
porary dock  of  timber,  which  would  require  extensive    rebuilding  in 
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Com.  Endicott.  20  or  25  years,   and  also  a  small  armual   outlay  for  maintenance  as 
against  a  very  large  one. 

In  the  long  run,  the  timber  dock  is  much  more  expensive  than  the 
masonry  dock.  A  masonry  dock  built  by  contract,  after  public  com- 
petition, can  be  built  in  about  the  same  time  as  a  timber  dock,  at  a 
moderate  increase  of  cost  and  a  small  annual  outlay  thereafter  for  its 
maintenance,  as  against  a  timber  dock  25  or  30%  cheaper  in  first  cost 
with  a  large  annual  expenditure  for  maintenance,  amounting  to  a 
practical  renewal  every  40  years.  The  result  shows  that  a  masonry 
dock  is  cheaper  than  one  of  timber. 

In  weighing  the  relative  merits  of  the  stone  and  timber  docks,  in  the 
matter  of  convenience  for  use,  it  can  be  stated  that  the  conditions  are 
practically  the  same.  A  timber  dock,  as  usually  constructed,  is  of 
great  width  at  the  top,  which  has  resulted  from  an  effort  to  construct 
the  sides  of  the  dock  at  the  least  expense  and  with  the  least  danger  of 
deformation,  and  the  slope  generally  adopted  is  that  natural  to  the  soil, 
so  as  to  avoid  any  considerable  thrust  from  the  earth  tending  to  force 
in  the  sides.  The  side  construction  consists  almost  invariably  of  tim- 
bers superimposed  in  such  a  way  as  to  form  altars  or  steps  from  the 
bottom  to  the  top.  This  makes  the  entire  side  construction  practically 
a  stairway;  and  the  dock,  being  wide  at  the  top,  admits  light  and  air 
freely. 

Stone  dry  docks,  as  generally  constructed,  are  not  so  wide  at  the 
top,  and  the  altars  or  steps  are  of  greater  height.  Stairways  for  in- 
gress and  egress  are  introduced  at  convenient  distances.  It  has  been 
put  forth  as  a  great  advantage  of  a  timber  dock  over  one  of  masonry, 
that,  owing  to  the  form,  the  timber  dock  is  much  more  convenient  for 
access  and  admits  more  light  and  ventilation,  thus  facilitating  the 
work  in  the  dock.  The  materials  of  which  a  masonry  dock  is  con- 
structed lend  themselves  to  any  form,  and  one  can  be  constructed  of 
precisely  the  same  outline  as  the  ordinary  timber  dock.  The  general 
form  or  outline  of  the  masonry  dock  is  one  which  is  almost  universally 
followed  in  the  construction,  and,  although  less  broad  at  the  top  than 
the  timber  dock,  such  construction  results  in  no  inconvenience  or  dis- 
advantage to  the  work  carried  on  in  the  dock,  else  the  form  would  long 
ago  have  been  changed  to  one  more  nearly  approaching  that  of  a  tim- 
ber dock.  In  the  United  States,  the  last  masonry  dock  constructed, 
that  at  Mare  Island,  approximates  very  closely  to  the  cross-section  of 
a  timber  dock,  and  is  a  sufficient  answer  to  the  claim  of  the  superiority 
of  the  timber  dock  in  this  respect. 

It  is  to  be  observed,  in  this  connection,  that  a  dock  very  wide  at  the 
coping  level  is  not  without  its  disadvantages,  in  that  it  necessitates 
cranes,  or  appliances  for  handling  materials,  with  very  long  arms  to 
reach  the  center  of  the  dock,  and  this  has  been  held  by  European 
builders  to  be  an  objection  to  very  wide  docks.     As  a  matter  of  fact,  it 
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niay  be  stated  that  the  masonry  dock  of  the  ordinary  form  admits  of  Com.  Endicott. 
all  the  light  and  ventilation  necessary  with  a  ship  in  dock.  There  is 
nothing  to  obstruct  except  the  vessel  itself,  which  will,  in  this  form 
of  dock,  intercept  considerable  light,  and  render  the  portion  of  the 
dock  directly  under  the  vessel  less  light  than  other  portions.  It  is  not 
known  that  any  difficulty  has  ever  been  experienced  in  any  masonry 
dock  through  lack  of  sufficient  light  and  ventilation.  The  only  con- 
dition in  which  there  would  be  any  lack  of  light  and  ventilation  would 
be  in  the  case  where  the  vessel  contained  in  the  dock  was  of  such  size, 
as  to  practically  rill  it.  Where  the  cross-section  of  the  vessel  approxi- 
mates that  of  the  dock,  this  condition  could  only  exist  amidships,  as 
the  section  decreases  both  ways  from  the  center  of  the  vessel. 

In  the  matter  of  accessibility,  while  the  timber  dock  affords  a  con- 
venient stairway  at  any  point,  a  stone  dock  admits  of  the  installation 
of  stairways  at  any  intervals  deemed  necessary  or  desirable.  It  can 
be  stated,  therefore,  with  reference  to  the  form  of  the  docks,  that  the 
masonry  dock  meets  substantially  all  the  requirements  of  accessibility, 
light  and  ventilation,  and,  in  any  event,  admits  of  the  construction  of 
precisely  the  same  form  or  outline  as  a  timber  dock.  • 

In  the  matter  of  the  stability  of  the  two  classes  of  dock,  the  con- 
ditions to  which  they  are  subject  are  practically  the  same.  The 
ability  to  sustain  the  weight  of  the  vessel  is  met  equally  by  the  two, 
generally  speaking.  The  condition  involving  the  most  danger  to  a 
dry  dock,  however,  is  not  the  weight  of  the  vessel  which  it  receives, 
but  the  pressure  of  the  water  contained  in  the  soil  below  the  level  of 
high  tide,  which  acts  normally  to  the  exterior  of  the  dock,  tending  to 
lift  the  bottom  and  force  in  the  sides.  It  needs  little  explanation  to 
show  that  the  dock  which  is  capable  of  meeting  this  condition  more 
successfully  is  the  one  of  masonry.  The  timber  dock  is  built  of  a  com- 
paratively light  material,  wood.  Its  weight  is  a  very  small  element 
of  stability,  and  its  integrity  depends  upon  the  measure  of  success 
with  which  the  access  of  water  through  the  soil  to  the  sides  of  the 
dock  is  prevented,  and  with  which  the  wood,  which  constitutes  the  in- 
terior lining  of  the  excavation,  is  pinned  or  secured  to  the  soil  under- 
neath. This  is  effected  by  driving  piles  into  the  soil,  to  which  the 
interior  woodwork  is  secured  by  bolts.  It  will  be  seen  that  such  a 
structure  is  not  well  designed  for  resisting  the  inward  hydrostatic 
pressure,  and  in  all  timber  dry  docks  it  is  the  practice,  particularly  in 
those  of  considerable  depth,  to  provide  valves  or  inlets,  through  which 
the  water  in  the  soil  may  rind  access  to  the  interior  of  the  dock,  and 
be  carried  away  through  the  culverts  to  the  pump -well,  and  thence  be 
discharged  into  the  harbor.  It  has  been  well  said  that  the  only  way 
to  preserve  the  stability  of  a  timber  dry  dock  is  to  let  the  water  into 
the  dock  and  then  pump  it  out.  The  pressure  of  the  water  is  par- 
ticularly felt  in  the  entrance  works  of  the  timber  dock,  which,  being 
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!om,  Endicott  near  the  harbor,  are  subjected  to  greater  hydrostatic  pressure,  where 
the  slopes  are  much  steeper,  and  to  the  water  pressure  upon  the  sides 
is  added  a  great  deal  of  thrust  from  the  soil.  It  has  been  frequently 
found  in  the  timber  dry  docks  that  they  have  been  incapable  of  suc- 
cessfully resisting  this  force,  and  in  many  instances  the  altars  have 
been  forced  off,  the  sides  of  the  entrance  works  have  been  forced  in- 
ward to  some  extent,  the  bottom  of  the  dock  has  been  uplifted,  and, 
where  defects  in  the  work  have  existed,  an  inflood  of  water,  once  set  up, 
has  resulted  very  disastrously,  and  endangered  the  entire  structure. 
In  a  shallow  timber  dock  this  danger  is  much  less,  but  in  those  of 
great  depth,  which  are  necessary  for  the  accommodation  of  large 
battleships  and  cruisers,  it  is  a  very  formidable  one  and  is  ever 
present. 

Leaks  in  a  timber  dry  dock,  particularly  a  deep  one,  are  looked 
upon  with  grave  suspicion  and  require  constant  watchfulness,  be- 
cause, once  started,  they  are  particularly  dangerous  in  a  dock  of  this 
kind,  as  its  structure,  not  being  watertight,  silt  and  soil  may  be 
carried  in,  undermining  portions  of  the  structure,  and  loosening  its 
hold  upon  the  soil  to  such  an  extent  as  to  cause  collapse  or  fear  of 
collapse.  This  was  the  experience  in  the  case  of  Dry  Dock  No.  3  at 
the  New  York  Navy  Yard. 

In  a  masonry  dock  the  structure  is  designed  to  resist  by  its  own 
weight  the  forces  referred  to,  and,  as  its  construction  is  watertight,  it 
embodies  all  the  elements  of  stability  and  safety.  Any  leak  which 
may  occur  in  a  structure  of  this  kind,  due  to  a  faulty  joint,  is  not  at- 
tended with  the  same  danger  as  in  the  case  of  a  timber  dock.  The 
early  stone  docks,  now  65  years  old,  have  had  for  a  great  many  years 
some  leaks  through  faulty  joints,  but  these  have  existed  without  any 
material  extension  of  the  trouble,  and  without  involving  any  instability 
or  danger;  and  these  docks  have  preserved  their  integrity  and  use- 
fulness without  failure  or  interruption  of  any  kind. 

It  is  of  the  utmost  importance  that  a  dry  dock  be  absolutely  safe. 
Its  collapse  might  prove  to  be  exceedingly  disastrous  to  property  and 
to  life.  A  valuable  war  vessel,  costing  millions  of  dollars  and  con- 
taining hundreds  of  lives,  should  be  placed  in  no  dock  which  is 
not  absolutely  safe  in  every  respect,  and  about  which  there  is  no 
doubt.  The  feeling  of  security  in  placing  a  vessel  in  a  dry  dock  under 
such  circumstances  is  worth  the  expenditure  of  any  amount  of  money 
necessary  to  provide  the  very  highest  type.  Accidents  of  more  or 
less  serious  character  have  occurred  in  the  timber  docks,  but  none 
has  ever  yet  developed  in  a  masonry  dock,  and  the  advantages  of 
the  latter,  in  the  matter  of  stability  and  safety,  are  immeasurably 
greater  than  in  the  case  of  a  timber  dock. 

A  dry  dock  is  a  great  public  work  and  one  of  great  utility,  and 
should  be,  like  other  works  constructed  by  the  United  States  Govern- 
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menfc,  of  the  best  and  most  substantial  quality,  and  an  example,  in  Com.  Endici  fct, 
every  resjjest,  of  the  best  practice  in  constructions  of  its  class.  In  its 
material  the  Navy  is  not  content  with  anything  which  is  not  the  equal 
of  the  same  all  the  world  over.  All  other  first-class  powers  of  the 
world  are  building  graving  docks  of  masonry  of  the  best,  most  sub- 
stantial and  enduring  type.  Is  it  left  for  this  G-overnment  to  content 
itself  with  cheap,  temporary  structures,  unstable,  or  embodying  the 
elements  of  danger? 

R.  G.  Packakd,  M.  Am.  Soc.  C.  E. — The  comparisons  made  thus  far  Mr.  Packard. 
have  been  between  the  timber  dry  docks  of  the  present  day  and  the 
granite  dry  docks  of  many  years  ago.  In  such  locations  as  League 
Island  and  Beaufort,  S.  C,  especially,  the  present  concrete  structures, 
made  of  high-class  cements,  would  be  much  more  satisfactory  than  the 
timber  docks,  or  even  the  old  masonry  docks  that  have  stood  so  well, 
the  record  of  which  has  been  given  by  Messrs.  Cathcart  and  Endicott. 
It  would  be  interesting  to  know  the  number  of  days  the  docks  have 
been  in  working  order,  and  the  cost  of  repairs  per  foot  of  length,  and 
per  foot  of  draiight.  In  other  words,  how  much  per  ton  does  it  cost 
the  Government  for  dockage  ?  The  comparison  of  cost  made  by  Mr. 
Endicott  is  based  on  the  highest  class  of  concrete,  and  with  more  or 
less  granite  lining  of  high  cost,  and  highly  finished.  Such  linings 
may  be  a  necessary  featm*e,  but,  in  making  massive  'structures,  such 
as  these  concrete  basins,  a  less  costly  class  of  materials  could  be  used, 
more  or  less  saving  might  be  effected,  and  an  equally  good  structure 
secured.  Thus  the  relative  costs  of  timber  and  concrete  structures 
might  be  brought  nearer  together  than  they  are  to-day. 

P.  C.  Assekson,*  M.  Am.  Soc.  C.  E. — The  speaker's  experience  in  Mr.  Asserson. 
repairing  stone  docks  and  in  repairing  and  building  wooden  docks 
has  been  quite  extensive.  His  first  experience  in  repairing  stone 
docks  was  at  Norfolk,  Va.,  where  the  entrance  work  had  been  de- 
stroyed by  the  explosion  of  gunpowder.  The  cost  of  repairing  that 
dock  was  not  very  great.  The  greatest  expense  was  incurred  in  re- 
building the  caisson,  which  had  been  destroyed  by  fire  when  the 
yard  was  evacuated  by  the  Confederates,  because,  although  the  inner 
abutment  was  destroyed,  the  outer  sill  was  not  damaged,  and  the  re- 
pairing of  the  stone  abutment  required  no  great  engineering  science. 
It  took  three  years,  but  the  appropriations  were  small.  The  speaker's 
next  experience  was  in  rebuilding  the  abutments  and  outer  works  of 
the  stone  dock  at  New  York,  which  had  been  disintegrated  by  the 
water  finding  entrance,  principally  from  the  sea.  The  chief  cause 
of  the  trouble  was  bad  construction,  something  rather  surprising. 
It  was  found  when  the  abutments  were  taken  apart  and  the  masonry 
taken  down  to  the  sill  level,  that  in  the  abutments  proper  there  was 
not  a  single  header.  The  stones  were  all  stringers,  the  same  as  one 
*  Civil  Engineer,  U.  S.  N. 
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}ir  Asserson.  brick  laid  on  another,  without  a  heading  course.  That  was  probably 
one  of  the  principal  causes  of  its  destruction.  The  second  cause  was 
the  poor  cement  that  had  been  used.  Only  ordinary  Rosendale 
cement  had  gone  into  its  construction.  A  third  cause  was  that  some- 
one had  attempted  to  remedy  the  leaks  on  top  by  caulking  the  joints 
with  lead,  thus  forcing  apart  the  stone  and  admitting  more  water. 
The  speaker  believed  this  to  have  been  a  fatal  mistake,  and  thinks 
the  same  thing  has  also  occurred  in  other  cases  where  lead  caulking 
has  bean  used  instead  of  cement.  In  the  repair  of  the  Brooklyn 
dock  it  was  found  also  that  the  sides  had  settled  and  split  the  head 
of  the  dock  in  three  parts.  At  the  head  of  the  dock  cracks  were 
found  which  extended  from  top  to  bottom  on  each  corner,  and  in 
some  places  the  speaker  could  run  his  arm  into  the  crack.  Of  course 
the  water  found  ingress  there,  and  frost  following  it  helped  to  dis- 
place the  masonry.  In  repairing,  these  things  were  all  taken  into 
account,  and  care  was  taken  to  put  in  headers  where  the  masonry  had 
been  loosened.  The  cement  used  was  the  best,  not  that  this  country 
afforded,  but  that  could  be  imported  from  Germany.  The  speaker 
believes  that  there  have  been  absolutely  no  other  repairs  upon  that 
dock  since  these  were  completed  in  1888.  It  is  in  perfect  condition 
and  will  probably  remain  so  for  many  years. 

In  the  construction  of  the  wooden  dock,  No.  2,  at  Brooklyn,  the 
speaker  had  some  experience — what  some  engineers  would  call  "a 
great  deal  of  experience."  The  basin  of  the  Wallabout  is  underlaid 
by  what  some  call  quicksand.  The  speaker  calls  it  mica  sand,  but 
does  not  know  that  there  is  much  difference.  It  is  very  quick,  how- 
ever, and  there  are  "only  90  ft.  of  it."  In  places  it  was  found  that 
piles  50  ft.  long  could  be  driven  very  readily  and  very  quickly,  but  if 
the  hammer  was  taken  off  quickly,  the  pile  would  follow  it  up  again. 
To  stop  the  quicksand  the  contractor  resorted  to  close  piling,  ballast 
stone,  bags  of  concrete  and  all  sorts  of  expedients.  Finally,  after  a 
great  deal  of  trouble,  the  concrete  was  put  down,  and,  by  the  friction 
of  the  sand  on  the  piles,  sufficient  stability  was  found  in  the  bottom 
to  hold  any  ship  that  the  dock  would  take;  but  with  the  sides  it  was 
different.  The  speaker  does  not  think  it  is  generally  known,  but 
■shortly  after  the  dock  was  built  it  was  found  that  in  driving  home 
the  wedges  at  the  ends  of  the  shores  when  docking  a  ship,  the  dock 
would  go  back  or  spread  on  both  sides  as  much  as  4  or  5  ins.  That 
happens  even  now  whenever  a  vessel  is  shored.  It  is  only  a  question 
as  to  how  long  the  diagonal  timbers  will  bear  the  continual  thrust  on 
them.  The  soil  that  should  pack  up  to  the  back  of  the  timbers,  and 
make  them  steady,  is  of  such  a  nature  that  it  falls  away  from  the 
back  of  the  altars  and  diagonal  timbers,  leaving  the  sides  of  the  dock 
without  any  support  on  the  back  except  the  piles.  The  speaker  re- 
gards the  dock  as  unsafe  for  docking  a  heavy  ship  that  has  any  list. 
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As  long  as  a  ship  is  perfectly  upright  and  balanced  upon  the  keel  Mr.  Asa  rs<  i  . 
blocks,  all  will  be  well. 

The  speaker  saw  the  construction  of  the  timber  dock  at  Newfound- 
land. The  bottom  consisted  of  shale  rock,  and  as  piles  could  not  be 
driven  successfully,  a  concrete  bed,  6  ft.  thick,  was  laid  down,  and 
formed  a  very  good  bottom. 

About  two  years  ago  the  speaker  repaired  the  outer  abutments, 
the  sill  and  the  sheathing  on  the  abutments  of  the  timber  dry  dock  at 
Norfolk,  Va. ,  which  had  been  destroyed  by  the  teredo.  The  cause 
of  this  destruction  was  as  follows:  When  the  Texas  was  being  built 
at  Norfolk,  she  was  put  in  the  dock  to  receive  her  armor,  and  kept 
there  some  nine  or  ten  months.  Unfortunately  the  caisson  had  been 
put  on  the  inner  sill,  thus  leaving  the  outer  sill  and  abutment  ex- 
posed. During  tbis  nine  or  ten  months  the  teredo  completely  riddled 
and  demolished  the  outer  side  sills  as  well  as  the  surface  planking  or 
timbering  of  the  abutment  proper.  The  sills  were  completely  de- 
stroyed from  high-water  mark  to  within  1  ft.  of  the  bottom.  There, 
the  sill  had  been  covered  by  mud,  and  was,  of  course,  in  good  con- 
dition. The  covering  of  the  wing  walls,  extending  out  on  the  side,, 
and  the  end  sill  of  the  wing  walls  were  entirely  destroyed.  These 
wing  walls  had  been  covered  by  creosoted  planking  underlaid  with 
ship  felting  as  a  protection  against  the  teredo,  and  that  fortunate 
circumstance  had  saved  the  inner  plank,  but  the  outer  plank  was 
completely  gone,  and  in  places  had  commenced  to  fall  off.  In  a  year 
or  two  more  the  inner  planking  of  the  abutment  and  of  the  wing  walls 
themselves  would  have  been  completely  destroyed.  By  degrees  the 
wing  walls  and  the  abutments  were  stripped,  and,  by  local  coffer- 
dams, the  whole  of  the  front  covering  was  renewed  at  a  cost  of  about 
$10  000.  A  new  sill  on  each  side  of  the  dock  was  put  in  and  overlaid 
with  a  built-up  Z-bar  of  steel,  secured  in  such  a  way  that  the  sill  will 
probably  not  be  disturbed  by  the  teredo  for  many  years. 

The  speaker  does  not  know  of  any  chemical  preparation  with 
which  wood  can  be  treated  whereby  it  will  be  enabled  to  completely 
resist  the  teredo  for  more  than  10  or  15  years. 

The  speaker  is  familiar  with  the  structure  of  all  the  docks  from 
New  York  southward.  The  timber  used  in  the  facing,  and  subject  to 
decay,  has  been  merchantable  timber  of  good  quality,  and  has  been 
nearly  all  heart  wood,  where  it  was  possible  to  obtain  it.  Of  course, 
in  structures  of  that  kind,  where  large  quantities  of  timber  are  used. 
there  will  be  a  little  sap  wood,  and  there  is  no  doubt  that  such  wood 
begins  to  decay  at  once.  That  was  the  case  with  the  dock  in  Norfolk, 
where,  two  years  ago,  the  speaker  commenced  to  repair  the  upper 
works.  The  piling,  the  cross-cap  timbers  and  the  diagonal  bracings 
were  found  badly  decayed  from  the  coping  to  the  low-water  line. 

The  spreading  of  the  sides  of  the  dock  previously  mentioned  is  due 
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Mr.  Asserson.  to  the  difficulty  of  backing  the  soil  up  against  the  back  of  the  altars 
when  building.  Further,  being  a  disturbed  soil,  on  a  slope  of  35°,  it 
settles  away  from  the  altars,  and,  of  course,  the  space  left  rills  with 
water.  The  same  trouble  does  not  occur  with  the  stone  dock,  where 
the  retaining  wall  is  vertical  on  the  back. 

The  wooden  docks  have  had  the  same  care  as  the  stone  docks. 
Those  who  have  been  interested  in  dock  construction  for  the  last  30 
years  have  had  great  anxiety  in  respect  to  all  the  docks,  and  they  have 
been  taking  care  of  them  as  fully  as  possible.  It  would  be  necessary 
to  be  more  careful  in  docking  a  ship  in  a  wooden  dock  than  in  a  stone 
dock,  and  a  ship  can  be  handled  in  a  much  more  rough  and  ready 
manner  in  the  latter  than  in  the  former,  without  danger  of  injuring 
the  dock. 

In  handling  material  in  a  wooden  dock  care  must  be  taken  not  to 
destroy  the  altars,  a  necessity  which  does  not  obtain,  to  as  great  an 
extent,  in  a  stone  dock.  Less  care  is  required  in  wedging  against  a 
stone  dock  than  against  a  wooden  one,  though  the  speaker  does  not 
believe  that  any  wooden  docks  have  been  injured  by  docking  a  skip, 
so  far  as  he  knows,  nor  have  any  ships  bean  injured  on  account  of 
docking  in  a  wooden  dock.  But  as  the  docks  decay,  of  course  injury 
may  happen. 

The  speaker  thinks  that  from  the  nature  of  the  two  materials,  stone 
and  wood,  equally  good  construction  cannot  be  obtained,  aud  it  is 
hardly  possible  to  make  comparison  as  to  strength  or  durability. 
Sufficient  timber  could  not  be  put  into  a  wooden  dock  to  afford  a  proper 
comparison  with  a  structure  of  stone  and  concrete.  In  the  speaker's 
experience,  the  construction  of  some  wooden  docks  has  been  rather  on 
the  slimsy  order  of  mechanism  and  construction,  though  he  thinks  the 
Anglo-American  Company  worked  honestly  and  did  the  best  they  could 
with  their  wooden  docks.  Undoubtedly,  the  builders  of  wooden  docks 
did  the  best  they  knew  how,  and  exercised  care,  except  perhaps  in  the 
case  of  a  certain  timber  dock  recently  constructed. 

The  speaker  can  furnish  no  data  as  to  the  relative  cost  of  good 
concrete  or  good  wooden  docks.  It  is  only  when  a  contract  is  made 
with  resjjonsible  people  that  the  relative  cost  of  the  two  classes  of 
docks  can  be  ascertained.  Wooden  docks  can  be  built  for  $1  000  per 
lineal  foot,  and  stone  and  concrete  docks  can  be  built  for  $1  500  per 
lineal  foot. 

In  the  early  days  the  speaker  was  in  favor  of  wooden  docks.  Now, 
he  is  in  favor  of  stone,  or.  rather,  concrete  and  stone.  He  believes  that 
in  the  future  dry  docks  should  be  constructed  of  concrete,  the  best 
that  can  be  made,  faced  or  lined  with  stone,  particularly  in  the  wearing 
parts  of  the  dock.  There  are  parts  of  the  dock,  the  wings  and  the 
angles,  for  example,  that  need  not  necessarily  be  of  stone,  as  concrete 
will  answer  the  same  purpose. 
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In  the  Norfolk  dock  the  upper  part  was  recently  rebuilt  entirely  of  Mr.  Asserson. 
concrete,  which  made  a  very  good  job.  The  only  reason  for  putting  a 
wooden  lining  on  the  front  of  the  concrete  altars  was  to  prevent  the 
abrasion  of  the  green  concrete.  The  upper  part  of  the  Norfolk  dock 
was  repaired  while  the  dock  was  in  daily  use,  and  the  speaker  thought 
it  was  necessary  to  do  something  to  protect  the  concrete  during  con- 
struction. If  he  had  had  the  money,  he  would  have  put  in  stone  in- 
stead of  wood,  but  the  latter  was  put  in  in  such  a  manner  that  when 
the  planks  split  or  became  decayed  they  could  be  taken  off  and  re- 
placed by  others. 

The  speaker  can  see  no  reason  why  dry  docks  constructed  wholly  of 
concrete,  and  without  stone  lining,  should  not  be  satisfactory,  if  the  cor- 
ners of  the  altars  are  rounded  off.  He  would  prefer,  however,  to  make  as- 
surance doubly  sure,  and  use  stone  on  the  wearing  parts,  for  the  reason 
that  there  might  be  carelessness  in  shoring  up  ships.  There  is  a  prob- 
ability that  the  corners  of  the  concrete  altars  might  be  broken  off,  par- 
ticularly where  they  are  so  shallow  —only  8  ins.  high — as  in  these  struct- 
ures. With  a  larger  body  of  concrete,  say  12  or  18  ins.  high,  the  speaker 
would  not  hesitate  to  allow  the  use  of  altars  wholly  of  concrete,  because 
the  corners  of  the  altars  themselves  need  not  be  touched.  The  corners 
of  the  concrete  are  sometimes  broken  off  by  sliding  timbers  and  heavy 
material  over  them  and  down  into  the  dock. 

In  reference  to  the  lining  of  the  timber  docks  with  creosotecl  plank, 
it  is  a  fact  that  the  teredo  will  not  attack  it  for  several  years.  The  teredo 
will  not  pass  across  a  water-bearing  seam.  But  creosote  will  protect 
only  for  a  time.  The  speaker's  experience  has  been  that  where  creosot- 
ing  has  been  throughly  well  done,  a  good,  heavy,  dead-oil  creosote  in- 
jected into  the  timber  at  a  pressure  of  100  or  120  lbs.  per  square  inch, 
it  will  protect  timber  for  from  10  to  15  years ;  after  that  the  creosote  is  not 
so  effectual.  Unfortunately,  the  creosote  used  in  the  altars  at  the 
Norfolk  dock  was  not  the  best  kind.  The  speaker  thinks  it  was  what 
is  called  "pine  oil,"  and  he  believes  it  helped  to  rot  the  timber  more 
than  to  preserve  it.  However,  the  top  of  the  dock  at  Norfolk  is  badly 
decayed  for  a  distance  of  8  to  9  ft.  down  from  the  coping. 

The  timber  dry  docks  with  which  the  speaker  has  had  experience 
have  all  been  constructed  in  about  the  same  manner.  There  is  a  dif- 
ference in  the  shape,  but  they  have  been  rn-actically  earth  excavations, 
having  the  sides  lined  with  timber,  the  slope  of  the  ground  being  such 
that  it  would  stand  by  itself,  except  that  at  the  Brooklyn  yard  the 
ground  does  not  stand  auywhere,  but  moves  and  sinks  as  soon  as  the 
mica  sand  has  been  reached. 

Most  of  the  Government's  timber  docks  are  good,  but  the  speaker 
thinks  there  is  room  for  iniprovenient  as  to  their  strength,  especially 
as  regards  the  sides;  the  bottoms  of  the  docks  will  no  doubt  last  many 
years. 


122  DISCUSSION    OJST   DRY   DOCKS.  [Papers. 

Mr.  Asserson.  There  is  no  question  in  the  speaker's  mind  but  that  in  these  days 
the  Government  should  build  for  the  future.  Wooden  docks  were 
adopted  by  the  naval  service,  not  because  of  their  durability,  but 
because  they  could  be  built  quickly  and  cheaply.  Our  need  of  docks 
was  such  that  we  could  not  wait  for  stone  docks  to  be  constructed. 
For  20  years  Congress  was  utterly  unwilling  to  appropriate  large  sums 
for  dry  docks,  for  repairs  in  the  navy  yards,  or  for  building  up  the  shops 
that  were  decaying. 

Now  that  Congress  and  the  country  are  willing  to  appropriate 
money,  it  is  time  to  abandon  that  policy.  Instead  of  building  wooden 
docks,  that  serve  at  most  only  for  20  or  25  years,  structures  that  will 
serve  generations  to  come  should  be  built. 

The  estimated  cost  of  a  concrete  dock,  750  ft.  long  and  lined  with 
masonry,  for  Norfolk,  Va.,  was  $1  100  000.  For  a  timber  dock  of  the 
same  size,  and  built  as  strong  as  possible,  the  estimate  was  $700  000. 
The  estimate  was  for  a  concrete  dock  lined  with  stone  3  ft.  thick,  with 
stone  abutments,  and  for  a  steel  caisson,  including  pumping  machinery. 
The  stone  lining  was  to  have  been  set  in  the  main  dock  chamber,  far 
enough  into  the  concrete  to  be  firm  and  to  form  a  tread  or  step,  and 
with  a  very  open  slope — 30  to  33° — so  as  to  admit  light  and  air,  the 
same  as  for  a  wooden  dock.  There  is  no  doubt  that  the  shape  of 
wooden  docks  is  very  good,  because  light  and  air  are  so  readily 
admitted,  and  because  access  is  so  easy. 

If  first-class  timber,  or  heart  timber  only,  was  put  into  a  dock,  and 
in  a  first-class  manner,  the  dock  would  last  5  to  8  years  longer  than 
ordinarily,  but  all  heart  timber  can  hardly  be  obtained  in  such  large 
quantities. 

The  wooden  docks  have  served  well  to  the  present  time,  and  the 
speaker  thinks  it  is  best  to  praise  the  bridge  that  carries  us  safely  over. 
Nevertheless,  he  is  of  the  opinion  that  we  should  now  adopt  material  of 
a  more  durable  character  for  structures  that  we  expect  to  last  and  use 
for  hundreds  of  years. 

Mr.  Tait.  John  G.  Tatt,  Assoc.  M.  Am.  Soc.  C.  E. — No  one  makes  any  at- 
tempt to  deny  the  fact  that  a  masonry  dry  dock  is  much  more  desirable 
as  a  government  structure  than  a  timber  dry  dock.  Therefore  the  item 
of  first  cost  must  be  the  argument  that  influences  the  Congressional 
Committee  on  naval  affairs  when  they  decide  to  build  timber  instead 
of  stone  docks.  As  engineers,  citizens  and  taxpayers,  we  are  all  inter- 
ested in  having  the  Government  make  the  best  investment,  and  build 
masonry  docks,  and  to  that  end,  until  the  Naval  Committee  are  edu- 
cated up  to  the  advantages  of  stone  docks,  and  while  the  engineers  are 
still  in  competition  with  men  advocating  timber  docks,  any  unneces- 
sary cost  should  be  omitted  from  the  masonry  docks. 

At  the  site  of  the  Boston  dock  the  cost  of  concrete  per  cubic  foot  is 
less  than  half  that  of  timber.     This  dock  contains  a  great  deal  of  gran- 
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ite,  the  stones  are  very  deep,  and,  according  to  the  plans  and  specifi-  Mr.  Tait. 
cations  the  radial  lines  have  to  be  preserved  for  the  full  depth  of  the 
joint,  which  makes  very  expensive  cutting.  Then,  in  addition  to  that, 
the  same  courses  are  continued  from  the  main  part  of  the  dock  out  into 
the  jaws,  so  that  each  stone  constantly  increases  in  width  as  well  as 
being  a  voussoir. 

These  requirements  probably  make  the  cost  of  the  dock  about 
$200  000  more  than  it  would  have  been  if  built  entirely  of  concrete,  or  of 
concrete  with  granite  quoins.  If  the  dock  had  been  designed  with  a 
smaller  lining,  and  if  there  had  been  a  different  arrangement  of  the 
stones  in  the  jaws,  the  bid  would  have  been  very  close  to  that  of  a 
timber  dock. 

John  Kennedy,  M.  Am.  Soc.  C.  E. — Having  recently  examined  all  Mr.  Kennedy. 
the  large  dry  docks  on  the  Atlantic  coast  from  Halifax  to  Norfolk,  and 
on  the  St.  Lawrence  and  Great  Lakes,  from  Levis  to  Lorain,  mainly 
with  reference  to  the  choice  of  material  for  the  construction  of  a  dry 
dock  of  large  size  at  Montreal,  the  speaker  will  state  some  of  the  results 
of  his  observations. 

The  wooden  dry  docks  of  both  public  and  private  ownership  show 
general  weakness  of  construction,  and  a  rather  rapid  decay.  The  decay 
is,  of  course,  most  rapid  in  the  parts  above  water  level,  and  it  appears 
to  reach  farther  down  and  be  more  rapid  in  docks  in  fresh  water  than 
in  salt.  For  example,  beginning  at  the  North,  the  wooden  dry  dock  at 
Portland,  Me.,  built  in  1869,  has  had  no  recent  repairs,  and  its  altars 
and  pile  heads  above  low  water  are  entirely  rotten. 

At  Boston  the  altars  and  other  lining  of  the  three  wooden  docks  built 
in  1854  to  1864  have  been  practically  all  rebuilt  inside,  and  have  re- 
quired frequent  repairs.  The  largest  one  is  leaking  beneath  the  en- 
trance. The  two  private  docks  at  Erie  Basin,  Brooklyn,  built  in  1866, 
were  all  relined  in  1881,  and  concrete  substituted  for  wood  in  the 
tipper  five  altars.  The  wooden  clock  at  Cramps',  Philadelphia,  built 
in  1876,  has  largely  failed.  The  altars  and  the  slopes  near  the  abut- 
ments are  bulged  in  badly  at  places;  the  altars,  from  weakness  and 
decay,  have  been  stove  in  at  places,  revealing  cavities  behind,  from 
which  the  earth  slopes  have  been  washed  down.  The  League  Island 
dock  of  the  United  States  Navy,  built  in  1891,  is  notably  weak,  and  has 
bulged  in  badly.  While  occupied  by  the  United  States  cruiser 
Columbia,  a  month  ago,  the  abutments  were  shored  up  to  prevent 
collapse.  There  are  serious  leaks  of  water  and  mud  in  the  bottom 
and  lower  altars  of  one  side,  and  the  earth  slopes  behind  the  altars 
have  run  down  in  several  places,  leaving  large  cavities.  Repairs, 
estimated  to  cost  about  $64  000,  are  about  to  be  undertaken.  The 
Norfolk  Navy  Yard  dock,  built  in  1889,  is  now  having  the  upper 
eleven  altars  renewed  in  concrete  because  of  the  decay,  not  only  oi 
the  altars,  but  of  the  braces  and  pile  heads  which  carry  them.     The 
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Mr.  Kennedy,  wooden  dry  docks  visited  on  the  Lakes  are  in  much  the  same  general 
condition. 

The  speaker  found  that  all  engineers  of  the  United  States  Navy 
Department  who  have  had  experience  in  the  working  and  mainte- 
nance of  wooden  dry  docks,  and  with  whom  the  question  was  dis- 
cussed, were  understood  to  be  quite  against  wooden  dry  docks,  at 
least  for  naval  use,  because  of  their  weakness  and  short  life.  On  the 
other  hand,  jnivate  owners  of  wooden  docks  are  in  favor  of  wood  for 
their  own  service,  and  in  adding  a  new  dock  they  build  either  wholly 
or  mainly  of  wood.  The  obvious  difference  of  conditions  will  account 
for  much  of  the  difference  of  opinion.  In  Government  docks  a  small 
saving  in  first  cost  is  of  minor  importance,  but  weakness  and  frequent 
need  of  repairs  are  well  nigh  intolerable.  On  the  other  hand,  in  docks 
of  private  ownership,  saving  in  first  cost  is  usually  of  serious  import- 
ance, while  the  cost  of  maintenance  repairs  is  met  by  the  earnings  of 
the  dock,  and  is  less  felt.  It  is  to  be  noted,  however,  in  the  more  recent 
private  docks  built  by  owners  of  experience,  that  there  is  a  desire  for 
something  more  permanent  than  wood.  A  notable  instance  is  that  of  the 
large  dock  now  being  built  by  the  Newport  News  Shipbuilding  &  Dry 
Dock  Company,  in  which  the  abutments  and  wings  are  to  be  of  con- 
crete. In  the  Erie  Basin  docks,  Brooklyn,  the  wooden  altars  above 
the  water  line  have  been  replaced  by  concrete.  It  may  be  noted,  too, 
that  all  the  recent  wooden  docks,  of  which  the  speaker  has  knowledge, 
and  the  more  ancient  ones,  also,  have  not  been  built  under  any 
patents,  nor  by  contractors  holding  patents;  or,  in  other  words, 
Avhile  the  building  of  wooden  and  partly  wooden  docks  is  still  con- 
tinued by  private  firms,  the  patented  kind  seems  to  have  passed  out 
of  favor. 

In  Canada  there  are  no  wooden  dry  docks  of  importance.  All  the 
Government  docks,  three  in  number,  are  of  stone  and  concrete.  One 
of  these,  on  the  St.  Lawrence,  at  Levis,  Que.,  was  finished  in  1886; 
one  on  Lake  Ontario,  at  Kingston,  Ont.,  was  opened  in  1892,  and  the 
third,  on  the  Pacific  Coast,  at  Esquiniault,  B.  C. ,  was  finished  in  1887. 
All  are  of  excellent  limestone  ashlar,  with  concrete  backing  and 
inverts,  and  none  have  had  any  repairs  of  more  importance  than 
pointing,  except  in  the  caissons  and  other  accessories. 

Much  reduction  in  the  cost  of  stone  dry  docks  has  been  made,  by 
the  substitution  of  concrete  for  part  of  the  masonry,  and  it  is  proper 
to  consider  how  much  farther  such  substitution  may  be  wisely  car- 
ried, in  cases  where  economy  is  of  prime  importance.  The  masonry 
of  a  stone  and  concrete  dock  is,  of  course,  that  in  the  linings,  altars, 
copings,  inverts,  entrance  and  other  parts  where  it  is  requisite  that  it 
be  of  cut  ashlar,  of  expensive  kind;  and  the  further  elimination  of  the 
whole  or  any  considerable  part  of  such  costly  work,  rapidly  reduces 
the  average  of  the  whole.     There  can  be  no  doubt  as  to  the  strength 
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of  solid  concrete  dock  walls  being  fully  as  great  as  that  of  walls  of  Mr.  Kennedy, 
concrete  and  ashlar  combined,  in  which  the  bulk  of  the  wall  is  of  con- 
crete and  the  ashlar  is  a  mere  facing.  The  real  question  is  as  to  the 
weaving  and  weathering  qualities  of  the  inner  surface  and  of  the 
altars,  if  of  concrete  only.  Examples  of  concrete  of  ample  durability 
as  well  as  of  strength,  can  be  pointed  out,  which  show  that  good  con- 
crete will  fulfill  all  needed  requirements,  even  in  northern  climates. 
The  making  of  Portland  cement  has  also  been  so  wonderfully  im- 
proved, and  the  testing  of  it  has  become  so  simple  and  reliable,  that 
there  is  now  no  doubt  as  to  the  obtaining  of  cement  of  an  excellence 
and  uniformity  which  was  unattainable  a  few  years  ago. 

In  England  and  throughout  Europe,  dry  docks,  wet  docks,  arched 
bridges  and  other  important  structures,  made  almost  wholly  of  con- 
crete, are  becoming  common.  At  Erie  Basin,  Brooklyn,  there  is  a 
minor,  but,  so  far  as  it  goes,  a  very  satisfactory  example  of  the  dura- 
bility of  concrete,  in  the  altars  and  copings  of  dry  docks  in  this 
climate.  The  upper  five  altars  of  the  two  wooden  docks  were,  as 
already  stated,  taken  out  and  rebuilt  wholly  of  concrete,  and  their 
condition  now,  after  eighteen  years  of  constant  use,  is  excellent. 

The  Halifax,  Nova  Scotia,  dry  dock,  of  580  ft.  length,  built  in  1888 
to  1889,  is  all  of  concrete,  except  the  meeting  faces  of  the  caisson  gate, 
the  coping  courses  of  the  altars  and  main  walls,  and  the  stairways  and 
material  slides,  which  are  of  granite,  and  the  linings  of  the  culverts, 
which  are  of  brick.  The  inverts  of  the  entrance  are  all  of  concrete 
except  the  meeting  faces.  The  example,  though  not  wholly  satisfac- 
tory as  to  the  durability  of  the  concrete,  is  a  very  instructive  one. 
Considerable  areas  of  the  inner  surface  of  the  body  walls  have  scaled 
off,  and  have  been  relined  with  blue  bricks,  but  the  failure  is  readily 
accounted  for  by  much  of  the  walls  having  been  built  under  most  un- 
favorable conditions  as  to  storms  and  frost,  and  storage  of  cement.  On 
the  other  hand,  adjoining  parts  of  the  main  walls,  and  all  of  the  in- 
verts and  walls  of  the  entrance,  are  standing  excellently  well. 
Altogether,  the  dock  shows  that  really  good  concrete  is  a  proper  ma- 
terial for  dock  walls,  even  in  a  rigorous  climate. 

A  notable  example  of  a  very  large  dry  dock,  with  walls  almost 
wholly  of  concrete,  is  the  new  No.  3  Graving  Dock  at  Glasgow,  de- 
signed by  Mr.  Deas,  Engineer  of  the  Clyde  Trust.  It  is  880  ft,  long, 
115  ft.  wide  at  top,  32  ft.  depth  from  floor  to  coping,  and  is  divided 
into  two  sections  by  gates.  The  side  walls  are  entirely  of  concrete,  ex- 
cept a  thin  backing  of  brickwork  placed  against  the  sheet  piling 
which  surrounds  the  walls.  A  pecrdiar  and  what  appears  to  be  an  ex- 
cellent method  of  construction  of  the  walls  is  that  their  whole  inner 
faces  are  made,  not  out  of  concrete  built  in  situ,  but  of  granolithic 
concrete  blocks,  separately  molded  and  hardened,  and  then  built  into 
place  as  ashlar.     The  altars,  up  to  about  half  the  height  of  the  walls, 
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Mr.  Kennedy,  are  3  ft.  6  ins.  high  and  20  ins.  tread,  and  from  that  to  the  top  of  the 
walls  are  18  ins.  high  by  14  ins.  tread,  the  granolithic  blocks  being 
molded  to  the  height  of  the  altars  in  each  case,  so  that  a  course  of 
blocks  builds  an  altar.  The  co]jing  of  the  top  of  the  walls  is  also  of 
granolithic  blocks.  The  head  of  the  dock  is  semi-circular,  without 
altars,  and  is  lined  with  concrete  blocks  which  are  of  heights  corre- 
sponding to  the  adjoining  altar  courses,  but  these  blocks,  not  having 
exposed  tops,  are  made  of  ordinary  concrete  with  only  a  granolithic 
facing  3  ins.  in  thickness. 

An  older  example  of  a  concrete  dry  dock  in  Britain  is  that  at  New- 
port, completed  in  1890,  of  350  ft.  length  by  30J  ft.  depth,  and, 
although  built  on  a  very  difficult  site,  its  cost  was  only  $121  500. 

An  important  example  of  concrete  construction,  for  purposes  anal- 
ogous to  those  of  dry  docks  and  exposed  to  somewhat  severe  weather 
conditions,  is  that  of  the  locks  of  the  Trent  Canal  in  Ontario,  now 
being  built  by  the  Government  of  Canada. 

The  advantages  in  strength,  durability  and  economy  of  mainte- 
nance of  dry  docks  of  stone,  and  of  stone  and  concrete,  over  those  of 
wood,  have  been  ably  and  fully  shown  in  the  discussions  presented; 
and,  for  the  reasons  just  outlined,  the  speaker  adds  a  plea  for  dry 
docks  built  almost  wholly  of  concrete,  as  possessing  much  of  the  ad- 
vantages of  both. 

Mr.  Ritchie.  James  Ritchie,  M.  Am.  Soc.  C.  E. — The  speaker  built  a  dry  dock 
recently,  but  it  was  of  wood,  as  is  customary  on  the  lakes.  He  sug- 
gested that  the  abutments  be  built  of  stone,  but  the  cost  of  such  work 
was  the  objection  made  by  the  owners,  and  only  a  small  amount  of 
concrete  was  used.  It  is  a  large  dock,  560  ft.  long  and  100  ft.  wide,  but, 
as  has  been  stated,  it  has  the  one  advantage  of  a  wooden  dry  dock — it  is 
shallow,  only  17  ft.  on  the  sills;  consequently  it  is  considered  perfectly 
safe,  and  has  so  far  been  extremely  satisfactory.  For  a  dock  of  great 
depth,  or  for  docks  where  the  first  cost  is  not  the  essential  matter, 
stone,  or  concrete  lined  with  stone,  is,  in  the  speaker's  opinion,  the 
only  proper  material  to  use. 

Mr.  Colling-  Francis  Collingwood,  M.  Am.  Soc.  C.  E.  (by  letter). — The  original 
cost  of  wood  construction  is,  of  course,  less  than  stone.  The  repairs 
and  renewals  are  a  matter  of  experience,  and  it  is  claimed  by  those 
having  long  experience  with  wooden  docks,  that  the  interest  on  the 
difference  in  cost  between  them  and  stone  will  more  than  pay  for 
keeping  the  former  in  first-class  condition.  The  reduced  rate  of  in- 
terest now  prevailing,  however,  may  cause  a  change  in  this  regard. 

As  to  convenience,  etc.,  those  who  are  constantly  using  docks  are 
most  competent  to  speak.  Such  matters  as  length  of  shores  and  con- 
venience in  adjusting  them,  convenience  in  handling  material  and, 
in  movements  of  men,  slipperiness  and  cold  to  the  feet,  contents  to 
be  puinped  out,  and  other  practical  matters  have  to  be  considered. 
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As  the  writer's  connection  has  been  with  construction   only,   others  Mr.  Colling- 
can  speak  with  more  authority. 

It  is  to  be  regretted  that  the  experience  in  building  some  of  the 
recent  timber  dry  docks  has  in  a  measure  thrown  discredit  upon 
them.  Errors  in  judgment  in  engineering  matters  are  not  justly 
chargeable  against  a  system  of  construction  which  has  certainly 
proved  successful  in  many  existing  examples. 

Charles  H.  Haswell,  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer  Mr.  Haswell. 
thinks  it  is  to  be  regretted  that  the  subject  under  discussion  is  con- 
fined to  the  relative  fitness  of  the  material  of  a  dry  dock,  inasnmch  as 
piers  aud  bulkheads,  erroneously  termed  docks,  are  of  more  general 
requirements  and  consequent  utility  than  docks  either  wet  or  dry. 
Custom  and  some  lexicographers  term  the  enclosed  space  between 
two  piers  a  dock,  whereas  it  is  strictly  a  basin,  although  colloquially, 
whether  the  structure  is  a  single  pier  or  a  bulkhead,  it  is  termed  a 
•dock. 

If  the  subject  had  included  piers  and  bulkheads,  whether  of 
masonry,  crib-work  or  rip-rap,  the  writer  would  avail  himself  of  the 
opportunity  to  refer  to  their  design  and  construction,  on  the  basis 
of  his  experience  and  observation;  but  as  the  subject  is  confined  to 
the  question  of  the  relative  merits  of  stone  and  wood  for  the  construc- 
tion of  dry  docks,  it  is  a  restricted  one,  as  it  embraces  only  the 
relative  cost  and  endurance  of  such  structures. 

If  the  period  of  construction  and  the  first  cost  are  controlling 
elements,  wood  alone  can  be  entertained,  as  it  involves  less  cost  of 
material  and  labor  in  construction,  not  only  in  its  walls,  but  in  its 
foundation.  Its  defective  elements  are  decay  and  damage  by  fire, 
involving  the  probable  damage  or  destruction  of  a  vessel  under 
repairs. 

If,  on  the  other  hand,  the  period  of  its  construction  and  its  first 
cost  are  not  restricting  elements,  and  a  permanent  structure  is  re- 
quired, stone  or  concrete  is  not  only  indispensable,  but,  in  the  matter 
of  ultimate  cost,  it  is  questionable  if  frequent  repairs,  and  the 
periodic  renewal  of  a  wooden  structure,  would  not  involve  a  greater 
cost  than  stone. 

Francis  T.  Bowles,  Esq.*  (by  letter). — After  thirteen  consecutive  Mr.  Bon  les. 
years'  experience  in  the  active  use  of  wooden  and  stone  dry  docks  at 
the  Navy  Yards  at  Norfolk,  Va.,  and  New  York,  and  after  having  had 
sole  charge  of  the  repairs  to  the  wooden  dry  dock,  known  as  No.  3,  at 
the  latter  place,  in  which  it  was  necessary  to  reconstruct  the  whole 
entrance,  the  writer  wishes  to  express  an  unqualified  preference  for  a 
masonry  or  concrete  dry  dock  over  wooden  construction.  In  testifying 
before  a  Congressional  Committee  about  a  year  ago,  the  writer  ex- 
pressed  the  following  opinion: 

*  Naval  Constructor,  U.  S.  N. 
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Mr.  Bowles.  "  I  believe  that  a  wooden  dry  dock  bears  the  same  relation  to  a 
stone  dry  dock  or  concrete  dock,  that  a  wooden  trestle  or  a  wooden 
bridge  bears  to  a  steel  bridge  or  stone  culvert.  I  consider  it  a  tempo- 
rary structure." 

This  opinion  appears  to  present  the  case  fairly. 

The  wooden  dry  docks  built  10  or  12  years  ago  for  the  Navy  have 
served  their  purpose  well;  they  were  cheap,  and  admitted  of  easy  and 
rapid  construction  by  unlearned  persons.  They  were  built  at  a  time 
when  little  attention  was  given  to  the  subject  of  dock  construction  in 
this  country,  and  when  materials  for  stone  and  concrete  work  were 
very  expensive.  Moreover,  these  docks  supplied  an  immediate  and 
pressing  need  which  at  the  time  could  not  have  been  otherwise  met. 
It  is  now  known  that  the  deterioration  which  they  have  developed  and 
the  essentially  temporary  character  of  the  work  and  material  of  their 
construction,  show  that  their  continued  use  involves  danger  and  great 
expense  for  repairs. 

Consideration  of  the  most  elementary  principles  of  engineering  leads 
to  preference  for  permanent  rather  than  temporary  construction  where 
cost  is  not  prohibitive,  and  at  the  present  time  the  cost  of  concrete  and 
stone  construction  is  sufficiently  low  to  require  of  the  Government  the 
most  durable,  safe  and  best  construction  of  its  dry  docks. 

This  opinion  is  not  derived  from  the  recent  bids  on  the  new  dock  at 
Boston,  which,  to  the  writer,  appear  to  be  inconclusive.  He  is  strongly 
opposed  to  the  letting  of  contracts  for  the  building  of  a  whole  dry  dock 
to  one  person  or  corporation,  on  the  ground  that  the  nature  of  the 
undertaking  involves  too  many  undetermined  elements  to  enable  any 
person  to  make  a  bid  which  will  enable  him  to  do  the  best  work 
throughout.  The  work  should  be  under  the  sole  charge  of  a  compe- 
tent engineer,  who  should  control  absolutely  the  conduct  of  the  wcrk, 
and  let  contracts  from  time  to  time  for  definite  portions,  on  which  clear 
and  definite  specifications  can  be  made.  That  is  good  business,  and  in 
the  end  will  prodiice  the  best  results.  This  digression  from  the  main 
subject  will  possibly  be  pardoned,  because,  in  advocating  stone  or  con- 
crete docks,  it  is  the  writer's  opinion  that  the  engineering  problems 
are  great,  and  must  be  treated  by  modern  methods. 
Mr.  Boiler.  AnFKEr)  P.  Bollek,  M.  Am.  Soc.  C.  E.  (by  letter). — It  is  astonishing 
that  a  controversy  regarding  the  relative  merits  of  stone  and  wooden 
dry  docks  should  be  given  serious  consideration  by  a  great  government 
like  that  of  the  United  States.  That  such  a  controversy  does  exist  is 
a  sad  commentary  on  the  intelligence  of  the  source  of  ultimate  power, 
the  National  Congress.  There  are  some  questions  that  have  only  one 
side,  and  this  is  one  of  them.  It  is  so  thoroughly  one-sided  that  only 
the  crass  selfishness  of  interested  parties,  operating  in  some  mysteri- 
ous way  upon  Congress,  forces  a  consideration  of  the  subject  at  all. 
Is  there  another  civilized  government  under  the  sun  that  would 
thrust  aside  the  united   demands,  yes,  pleadings,  of  its  technical  ex- 
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perts  to  do  the  right  thing,  simply  for  the  sake  of  maintaining  a  special  Mr.  Boiler, 
private  intei'est,  whose  business  is  building  wooden  docks? 

Stone  or  wooden  docks  !  As  well  ask  our  railways  to  build  wood 
instead  of  stone  or  steel  bridges.  The  only  so-called  arguments  ad- 
vanced for  wooden  dry  docks  are  those  of  economy  and  expeditious 
construction.  Economy  of  first  cost  is  one  thing,  and  economy  of  en- 
durance and  maintenance  is  another.  Rapidity  of  construction  is  a 
matter  of  little  importance  for  a  Government  work,  compared  to  solid- 
ity and  endurance,  but  modern  methods  of  executing  work  permit  of 
such  rapidity  of  performance  that  almost  any  reasonable  expectation 
of  time  can  be  met.  What  if  it  does  take  twice  as  much  time  to  build 
a  stone  dock  as  a  wooden  one;  when  the  work  is  done  it  is  done  for  all 
time  practically,  and  it  can  be  operated  with  absolute  confidence  and 
freedom  from  the  anxiety  that  always  attends  a  wooden  dock.  Abso- 
lute safety  and  economy  of  endurance  are  the  cardinal  requirements 
for  any  dry  dock  suitable  for  the  purposes  of  a  modern  navy,  with  its 
deep-draught  battleships,  which  can  only  be  met  by  using  imperishable 
material.  To  build  such  docks  of  wood,  that  commence  to  depreciate 
from  the  day  of  their  completion,  deteriorating  increasingly  with  the 
years,  until  absolutely  worthless,  is  serious  folly  that  is  belittling  to 
our  naval  administration,  a  waste  of  the  public  funds,  and  a  source  of 
ridicule  with  competitive  nations.  A  wooden  dry  dock  is  all  well 
enough  for  temporary  purposes,  or  to  meet  the  necessities  of  an  im- 
poverished government,  or  the  financial  limitations  of  a  private  party. 
The  United  States  is  in  no  such  impecunious  position,  and  is  expand- 
ing into  a  naval  power,  the  limits  of  which  no  man  can  foresee. 
This  country  is  destined  to  a  restoration  of  a  merchant  marine  that  will 
recreate  the  long-lost  glory  of  the  seas,  now  only  a  reminiscence,  and  on 
a  scale  commensurate  with  the  activities  of  a  hundred  million  of  people, 
backed  with  unlimited  resources.  For  the  Government  of  such  a 
nation  to  even  talk  of  building  wooden  dry  docks,  is  preposterous. 
While  it  is  gratifying  to  know  that  the  comparative  cost  between 
the  two  systems  of  docks  shows,  perhaps,  25%  difference  (according 
to  recent  tenders),  the  question  of  first  cost,  to  the  writer's  mind,  cuts 
no  figure  at  all.  The  United  States  cannot  afford  to  build  wooden 
docks,  even  on  a  simple  financial  comparison,  as  the  statistics  so 
elaborately  discussed  by  the  naval  speakers,  demonstrate  beyond 
cavil.  Whether  stone  dry  docks  cost  much  or  little,  whether  they 
take  twice  as  long  to  build  as  wooden  ones  or  not,  there  is  but  one 
thing  for  the  United  States  Government  to  do,  and  that  is  to  build 
stone  docks,  even  at  the  risk  of  hurting  the  feelings  of  existing  wooden 
dry  dock  companies. 
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Mr  Henry.  Philip  W.  Henry,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — Although 
the  engineering  problem  to  which  this  paper  calls  attention  is  not  a 
difficult  one,  yet  it  is  one  which  is  met  continually  by  city  engineers 
and  is  seldom  solved  satisfactorily.  This,  however,  is  not  due  to  its 
intricacies,  from  an  engineering  standpoint,  but  because  the  solution  is 
complicated  by  politics  and  the  influence  of  property  holders.  It  is  an 
exceedingly  difficult  task  for  an  engineer  to  improve  a  street,  where  the 
conditions  are  similar  to  those  mentioned  in  the  paper,  without  arousing 
the  determined  opposition  of  those  most  nearly  interested.  For  the 
sake  of  saving  a  few  dollars  the  average  property  holder  is  willing  to 
allow  any  kind  of  a  grade  to  be  established;  and  he  objects  most  strenu- 
ously to  any  plan  which  will  cause  him  to  raise  or  lower  his  sidewalks 
or  alter  in  any  way  his  buildings,  no  matter  how  old  or  dilapidated 
they  may  be,  or  no  matter  how  much  the  improvement  may  benefit 
his  property  eventually.  It  follows,  therefore,  that  a  city  engineer 
is  seldom  able  to  carry  out  his  own  convictions  in  establishing  a  street 
grade,  unless  he  is  willing  to  make  a  determined  fight,  or  use  all  the 
persuasive  powers  at  his  command.    In  Wabash,  it  appears  that  either 

*  This  discussion  (of  the  Paper  by  Robert  P.  Woods,  Jun.  Am.  Soc.  C.  E.,  printed  in 
Proceedings  for  February,  1899),  is  printed  in  Proceedings  in  order  that  the  views  ex- 
pressed may  be  brought  before  all  members  of  the  Society  for  further  discussion.  (See 
rules  for  publication,  Proceedings,  p.  71.) 

Communications  on  this  subject  received  prior  to  April  22d,  1800.  will  be  printed  ii 
later  number  of  Proceedings,  and  subsequently  the  whole  discussion  will  be  published  iu 
Transactions. 
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the  engineer's  persuasive  powers  are  highly  developed,  or  else  the  Mr.  Henry, 
property  holders  there  are  unusually  enlightened,  for  the  owners  of 
the  buildings  affected,  in  several  cases,  waived  all  claims  for  damages 
occasioned  by  the  change  of  grade. 

It  also  appears  that  the  author  did  not  attempt  too  much  in  improv- 
ing the  grade  of  the  street.  The  change  from  the  old  condition  was 
radical,  but  at  the  same  time  it  was  no  greater  than  the  circumstances 
warranted.  The  difference  in  level  between  the  two  sidewalks  was 
met  in  a  somewhat  novel  manner,  by  putting  in  a  step  on  the  ujjper 
side  of  the  street.  It  is  seldom  that  this  construction  is  used,  and  it 
could  doubtless  be  introduced  in  other  cities  to  advantage.  Its  chief 
disadvantage  is  that  it  lessens  the  width  of  the  roadway,  and  on  a 
narrow  street  this  would,  of  course,  be  objectionable.  The  ample 
width  of  the  Wabash  roadways  allowed  this  construction,  with  ex- 
cellent results.  The  illustrations  on  Plate  V  show  what  a  decided 
change  was  made  in  the  appearance  of  the  street  by  the  improvements 
described  in  the  paper.  To  one  who  saw  the  street  before  and  after 
the  improvement,  the  change  is  even  more  marked  than  that  shown  in 
the  ijhotographs. 

To  return  to  the  details  brought  out  in  the  paper  :  It  does  not  ap- 
pear why  the  crown  was  placed  in  the  quarter  in  Sections  1  and  2,  and 
not  in  Sections  7  and  8.  It  is  generally  objectionable  to  have  all  the 
water  drain  to  one  side  of  the  street,  as  shown  in  the  two  latter  sec- 
tions. It  would  also  seem  that  in  these  two  sections  each  step  could 
have  been  made  0.85  ft.,  the  greatest  limit,  and  thus  have  reduced  con- 
siderably the  slant  of  the  street  from  one  gutter  to  the  other. 

Although  the  property  holder  has  undoubtedly  been  put  to  con- 
siderable expense  by  the  radical  change  in  sidewalk  grade,  yet  it  is  ob- 
vious that  any  less  radical  treatment  would  have  given  a  patch- work 
effect  to  the  street,  which  would  have  been  a  continual  source  of  an- 
noyance. There  are  too  many  streets  in  prominent  cities  which  are 
anything  but  creditable  to  the  engineers  who  have  established  the 
grades.  This  is  generally  due  to  poor  engineering  talent  (if  any  engi- 
neer was  employed  at  all),  in  laying  out  the  street  at  the  start,  for  many 
streets  were  originally  country  roads  which  no  one  foresaw  would  one 
day  require  paving.  By  the  time  the  street  had  arrived  at  the  dignity 
of  a  pavement,  buildings  had  been  erected  at  different  grades  on  each 
side,  so  that  the  engineer  who  had  the  improvement  in  charge  was  at 
his  wits'  end  to  know  the  best  way  to  deal  with  the  problem.  In  solv- 
ing this  problem  no  general  rule  can  be  laid  down,  but  each  case  must 
be  treated  by  itself,  taking  into  account  the  many  different  questions 
which  are  involved.  Among  these  questions  are  width  of  street,  value 
of  real  estate  and  improvements  affected,  amount  and  kind  of  traffic, 
probable  increase  in  real  estate  values  and  probable  increase  in  traffic. 
These  questions  are  being  met  every  day  by  municipal  engineers  all 
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Mr.  Henry,  over  the  country,  and  are  being  solved  in  abetter  and  more  satisfactory 
manner  than  ever  before.  There  is  no  doubt  that  the  city  engineer  of 
to-day  is  the  superior  of  his  predecessor  of  twenty  years  ago,  and  brings 
greater  talent  and  broader  knowledge  to  bear  on  the  questions  which 
are  continually  before  him.  It  is  to  be  hoped  that  the  paper  will  bring 
out  discussions  from  engineers  who,  from  practical  experience,  are  able 
to  give  much  interesting  and  profitable  information  to  the  profession. 
Mr.  Owen.  James  Owen,  M.  Am.  Soc.  C.  E. — In  regard  to  the  question  of 
crown,  the  speaker's  ideas  are  somewhat  decided.  It  is  his  desire  to 
impress  upon  everybody  the  fact  that  the  roadway  itself  is  made  prim- 
arily for  wagon  travel,  and  that,  per  se,  a  level  cross-section  is  much 
more  advantageous  for  such  travel  than  any  other  cross-section.  A 
departure  therefrom  can  only  be  tolerated  because  there  are  over- 
coming disadvantages  against  it.  The  original  country  road  was 
piled  up  probably  2  ft.  in  the  center  so  that  the  water  could  be  shed 
to  the  gutters.  As  the  character  of  highways  has  been  improved,  the 
crown  has  been  gradually  decreased,  until,  with  the  improved  pave- 
ments of  to-day,  it  seems  to  the  speaker  that  the  crown  is  scarcely  a 
matter  of  consideration,  and  in  his  practice,  in  both  asphalt  and  brick 
pavements,  he  has  reduced  it  to  about  3  ins.  in,  say,  40  ft. 

The  only  advantage  of  the  crown  is  to  shed  the  water  to  the  sides 
in  order  to  avoid  the  wash  of  the  perishable  material  of  the  roadway 
and  the  damage  ensuing  therefrom-  For  a  permanent,  smooth  road- 
way, either  of  granite  blocks,  brick  or  asphalt,  no  argument  can  be 
advanced  in  favor  of  any  crown  at  all,  except  such  as  is  needed  to 
shed  the  water,  at  the  proper  point,  away  from  the  street  entirely. 
In  fact,  the  question  of  using  the  roadway  itself,  from  curb  to  curb,  as 
a  gutter,  is  now  quite  often  considered;  and  the  question  of  economy 
in  constructing  storm  sewers  is  being  considered  in  that  light.  For 
instance,  on  a  side  hill,  with  streets  at  right  angles  to  the  slope,  it  is 
economical  to  use  the  streets  themselves  as  gutters  and  discharge  the 
water  into  the  storm  sewer  at  each  cross  street,  the  latter  being  pro- 
vided with  a  crown  in  order  to  divert  the  water  into  the  sewer.  The 
speaker  thinks  that  practice  is  going  to  be  more  in  vogue  than  it  has 
been. 

In  considering  the  elimination  of  crown  as  much  as  possible  from 
street  construction,  it  will  be  seen  that  these  difficulties  will  disap- 
pear entirely.  The  speaker  agrees  with  Mr.  Tillson  that  he  could 
have  solved  the  problem  without  the  crown,  and  could  also  have 
avoided  the  steps  in  the  gutter  line. 

The  relation  between  the  roadway  and  the  depth  of  the  gutters  is 
purely  arbitrary.  In  the  business  part  of  Yonkers,  two  or  three  years 
ago,  the  speaker  noticed  that,  in  the  improved  streets,  the  sidewalks 
were  from  18  ins.  to  2  ft.  above  the  roadway.  That,  of  course,  had 
come  about  from  the  fact  that  the  original  grade  was  being  altered, 
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and,  in  permanent  improvements,  some  kind  of  a  grade  had  to  be  es-  Mr.  Owen, 
tablisked,  without  relation  to  the  sidewalks.  The  result  was  that  the 
sidewalk  was  adapted  to  the  improvement  of  the  house,  and  it  would 
have  been  detrimental  to  the  property  to  cut  the  sidewalks  down;  that 
the  sidewalk,  being  2  ft.  above  the  street,  offered  no  practical  dis- 
advantage, and  that  wagon  travel  could  be  more  evenly  handled  with 
a  sidewalk  18  ins.  high  than  with  one  only  8  ins.  high.  A  person  can 
step  out  from  a  carriage  more  easily,  and  can  more  readily  transfer 
freight  to  or  from  a  wagon  when  the  sidewalk  is  18  ins.  high  than  when 
its  height  is  only  8  ins.,  and  in  this  instance  the  foot  travel  on  the  spaces 
between  the  cross  streets  is  very  small.  By  making  proper  arrange- 
ments at  the  street  intersections  for  the  accommodation  of  foot  travel 
passing  from  the  sidewalk  to  the  street,  no  practical  or  permanent  dis- 
advantage will  result  in  having  the  sidewalk  higher  than  the  stereo- 
typed 8  ins.  Furthermore,  the  saving  is  a  disadvantage,  in  any  way  it 
can  be  considered,  both  by  stepping  from  a  carriage  a  larger  distance 
from  the  sidewalk  and  also  in  carrying  freight  over  that  space. 

The  question  of  the  relation  of  the  sidewalk  on  one  side  of  a  street 
to  that  on  the  other  is  continually  arising.  The  speaker  has  constructed 
roadways  in  which  there  was  a  difference  of  4  ft.  in  the  elevation  of  the 
sidewalks.  Of  course,  that  would  not  be  considered  an  ideal  construc- 
tion, but  it  had  to  be  used.  In  such  cases  a  standard  curb  was  adopted, 
and  the  crown  of  the  roadway  was  placed  about  6  or  8  ft.  from  the 
center  toward  the  higher  side. 

D.  Ulrich,  Assoc.  M.  Am.  Soc.  C  E. — In  constructing  asphalt  Mr.  Ulrich. 
pavements  the  speaker's  experience  has  been  limited,  and  has  generally 
been  in  localities  where  no  curb  lines  have  been  established.  For 
that  reason  he  has  had  no  trouble  in  making  the  crown  suit  the  width 
of  the  road,  and  has  in  nearly  all  cases  made  it  about  4  ins.  for  a  60-ft. 
roadway.  In  constructing  macadam  roads,  however,  he  has  ordinarily 
made  it  somewhat  higher.  For  a  28-ft.  road  the  crown  was  generally 
made  4  ins. ;  for  a  30-ft.  road,  6  ins. ;  and  for  a  40-ft.  road,  8  ins. 

Edward  P.  North,  M.  Am.  Soc.  C.  E. — In  what  is  now  the  Mr.  North. 
Borough  of  Manhattan,  in  the  City  of  New  York,  under  the  old  charter, 
the  Water  Purveyor  had  charge  of  all  new  paving,  repaving  and  repairs 
to  pavements.  New  pavements,  and  all  grading,  regulating,  curbing 
and  nagging,  were  paid  for  by  assessments  on  the  property  benefited. 
All  repaving  and  repairs  to  the  pavement,  except  those  due  to  open- 
ings in  the  streets  made  by  plumbers  or  companies  having  pipes  or 
conduits  under  the  pavements,  were  made  by  the  city  and  paid  for  out 
of  appropriations. 

City  ordinances  require  sidewalks  to  have  a  rise  of  1  in.  per  5  ft, 
from  the  curb.  The  lower  part  of  the  city  is  mostly  without  official 
grades,  but  commencing  about  Houston  Street  grades  have  been  estab- 
lished.    It  has  not,  however,  been  established  whether  such  grades 
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Mr.  North,  refer  to  the  curb  stones  or  the  middle  of  the  streets.  This  uncertainty 
is,  at  times,  a  matter  of  convenience  to  the  engineer  who  wishes  to  im- 
prove the  profile  of  a  street  that  is  to  be  repaved,  as  it  allows  a  com- 
fortable working  latitude. 

There  is  a  noticeable  exception  to  this  statement,  viz. ,  the  streets 
joining  the  Riverside  Drive.  Here,  the  grades  were  established  by  the 
Park  Commissioners  for  the  curbs,  both  on  the  drive  and  on  the  streets 
back  to  the  house  lines.  Unfortunately,  they  were  substantially  level, 
although  the  same  authorities  had  established  quite  steep  grades  on 
the  streets  (in  one  instance,  though  not  adjoining  the  Riverside  Drive, 
a  grade  of  18%",  which  is  thought  to  be  the  maximum).  As  any  de- 
parture, iu  either  paving  or  curb  setting,  from  the  established  grade,  is 
liable  to  result  in  vacating  the  assessment,  these  level  areas  of  18  to  20 
ft.,  joining,  say,  a  10%"  rise,  have  to  be  retained,  and  are  objectionable. 

There  is  also  a  troublesome  practice  by  those  who  are  called  "  skin 
builders,"  who,  contracting  to  build  a  house  with  certain  dimensions 
between  the  floors,  avoid  the  excavation  of  2  and  sometimes  3  ft.  of  rock, 
by  establishing  a  curb  grade  suited  to  their  work  and  also  by  increasing 
materially  the  slope  of  the  sidewalk.  This  swindle  is  generally  un- 
detected, particularly  on  unpaved  streets,  until  the  house  is  paid  for, 
and,  in  some  instances,  causes  considerable  trouble  and  dissatisfaction 
to  the  property  owner,  as  the  curb  is  generally  reset  on  the  proper 
grade  when  the  street  is  paved,  which  either  necessitates  relaying  the 
sidewalk  in  front  of  the  property,  or  an  approximation  to  the  practice 
described  by  the  author. 

Except  as  in  the  instances  cited,  the  engineer  in  charge  of  the 
streets  in  the  City  of  New  York  probably  has  as  little  trouble  with 
grades  as  in  any  other  city  or  town.  No  ordinance  governs  the  depths 
of  gutters,  but  they  are  called  for  in  all  streets;  nor  is  any  crown 
specified  in  the  city  ordinances. 

On  taking  charge  of  the  paving  in  what  is  now  the  Borough  of 
Manhattan,  with  the  office  of  Water  Purveyor,  it  was  decided  to  make 
the  crown  of  all  asphalted  streets,  with  curbs  at  equal  elevations,  y^- 
of  the  distance  between  curbs,  and  the  normal  depths  of  gutters  be- 
between  3£  and  4£  ins.  The  crown  adopted,  combined  with  the  low 
curbs,  gives  a  street  of  apparent  civilization  and  luxury;  the  high 
crown  being  a  survival  from  the  pathmasters'  "  turnpiking "  with 
heavy  soils;  and  the  deep  gutters  antedate  sewers.  Some  of  the 
asphalting  companies  objected  to  these  unprecedentedly  flat  trans- 
verse profiles,  as  the  cost  of  thorough  maintenance  is,  doubtless, 
greater  than  where  water  will  run  off  quicker.  It  was  with  some  satis- 
faction that  notice  was  taken  that  the  French  engineers  had  at  last 
adopted  the  same  rise,  viz.,  too  for  the  wheelway  of  the  Alexander  III 
Bridge,  drawings  of  which  were  presented  at  the  meeting  of  the 
Society  on  February  15th,  1899. 
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No  complaint  has  ever  been  made,  to  the  speaker's  knowledge,  of  Mr.  North, 
cellars  flooding  through  insufficient  capacity  of  3v  in.  gutters;  so  it  ap- 
parently may  be  assumed  that  on  asphalted  streets  with  4-in.  gutters 
and  sidewalks  of  one-half  the  width  of  the  wheelway,  rising  at  the  rate 
above  mentioned,  no  danger  to  cellars  is  to  be  apprehended  if  the 
sewers  have  sufficient  capacity  to  take  off  the  water. 

Objections  are  frequently  made  to  longitudinal  grades  on  asphalted 
pavements,  futile  efforts  having  been  maintained  for  years  by  one  of 
the  city  departments  to  confine  asphalt  to  grades  of  1\%  or  less. 
Small  attention,  however,  is  generally  given  to  transverse  grades,  al- 
though every  one  knows  that  while  on  asphalt  a  horse  may  stumble  in 
the  line  of  draft,  he  almost  invariably  falls  at  right  angles  to  it.  As  a 
matter  of  fact,  it  is  difficult  to  get  a  horse  that  knows  anything  about 
asphalt  to  travel  anywhere  except  in  the  center  of  a  high-crowned  street 
in  slippery  weather.  This  obvious  danger  from  excessive  transverse 
grades  led  to  the  suppression  of  the  crown  in  streets  having  a  trans- 
verse fall  of  much  over  3  per  cent. 

The  first  asphalted  street  paved  without  a  crown  was  Eightieth  Street 
between  Fourth  and  Madison  Avenues.  On  Fourth  Avenue  the  differ- 
ence in  elevation  between  curbs  was  1.3  ft.;  by  making  a  7-in.  curb  on 
the  north  and  4-in.  curb  on  the  south  side,  the  fall  was  reduced  to  1.05 
ft.,  or  a  grade  of  '6\  per  cent.  The  foundation  was  the  old  trap-block 
pavement  relaid.  The  transverse  profile  at  Fourth  Avenue  was  a  right 
line;  at  Madison  Avenue  it  had  a  rise  of  T^o,  and  the  south  curb  was 
somewhat  lower  than  the  north  curb.  The  grades  were  "  boned  in  " 
for  405  ft.  between  the  two  end-profiles  on  the  center,  quarter  and 
curb  lines.     No  settlement  nor  distortion  has  been  observed. 

The  above-mentioned  practice  was  often  modified,  where  the  relative 
heights  of  the  curbs  would  admit,  by  reducing  the  length  of  the 
warped  surface  to  150  or  200  ft.  In  other  instances  it  was  thought 
advisable  to  dispense  with  a  crown  for  one  or  more  blocks.  In  such 
cases  there  was  no  gutter  on  the  upper  side.  No  instances  have  come 
to  the  speaker's  knowledge  where  sags  or  depressions  in  the  founda- 
tions have  developed,  either  with  a  relaid  stone  pavement  or  with  a 
concrete  foundation.  In  some  cases,  however,  a  crown  of  about  1  in. 
was  worked  in,  consequent  to  the  turnpike  idea,  as  aforesaid. 

Experience  in  the  City  of  New  York  is  decidedly  against  concrete 
curbs.  While  a  good  curb  can  be  made  of  concrete,  with  proper  mate- 
rials and  care,  poor  work  cannot  be  prevented,  and  many,  if  not  most, 
of  the  concrete  curbs  laid  have  been  scamp  affairs,  with  concrete  made 
of  cinders  and  plastered  with  a  thin  coating  of  poor  cement.  The 
wheel  of  a  grocer's  delivery  wagon  would  cut  this  thin  coating  off,  and 
backing  a  coal  cart  against  the  curl)  would  break  it.  The  poorest 
curbs  were  put  down  in  the  tenement  house  districts  where  the  sur- 
roundings are  squalid  enough  without  the  additional  aid  afforded  by 
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Mr.  North .  broken  curbs.  Fortunately,  there  was  a  city  ordinance  requiring  stone 
curbs.  Under  this  ordinance,  samples  of  the  curbs  were  taken  to  court 
and  their  construction,  for  a  time,  at  least,  stopped. 

Mr.  Owen's  suggestion,  that  the  gutter  should  be  in  the  middle  of 
the  street,  is  worth  consideration,  particularly  for  asphalted  streets. 
Kain  would  flush  the  pavement  more  quickly,  and  as  the  transverse 
profile  would  be  two  right  lines  joined  by  a  concave  curve,  instead  of 
a  convex  curve  increasing  in  rate  toward  the  side  gutters,  as  at  present, 
the  whole  carriage-way  on  level  streets  could  be  made  equally  avail- 
able for  traffic,  as  it  would  not  be  necessary  to  have  the  transverse  grade 
as  high  as  1  per  cent.  A  single  gutter  in  the  center  of  the  street  is 
found  in  many  Spanish  towns,  and  was  considered  for  some  of  the  nar- 
row streets  in  the  lower  part  of  the  City  of  New  York,  but  the  ordi- 
nance calling  for  gutters  and  curbs  prevented  its  use. 
Mr.  Tillson.  G.  W.  Tii/lson,  M.  Am.  Soc.  C.  E. — The  speaker  has  been  much' 
interested  in  this  paper,  as  it  discusses  a  question  which  he  has  been 
studying  for  some  years.  The  author  has  been  confronted  with  the 
problem  that  always  presents  itself  to  every  engineer  who  attempts  to 
pave  a  street  where  the  grades  have  been  established  by  one  who 
never  expected  the  street  to  be  paved,  or  had  no  idea  of  the  proper 
cross-section  of  a  paved  roadway;  or  where  a  side-hill  street  has  been 
built  up,  with  no  consideration  for  the  future  improvement  of  the  street, 
but  only  according  to  the  whims  of  the  individual  property  owners. 

When  such  conditions  exist,  and  the  entire  width  of  the  street  is  to 
be  improved,  the  difference  in  elevation  of  the  curbs  must  first  be  re- 
duced to  a  minimum,  by  giving  the  sidewalks  on  the  high  side  the 
maximum,  and  on  the  low  side  the  minimum,  allowable  slope.  In  the 
same  way,  by  applying  the  maximum  gutter  to  the  high  side,  and  the 
minimum  to  the  low  side,  the  difference  in  elevation  of  the  gutters  is 
made  as  little  as  possible. 

The  best  cross-section  for  the  roadway  itself  is  now  to  be  consid- 
ered. Some  engineers  would  make  this  a  straight  line  from  gutter  to 
gutter.  The  speaker  does  not  think  this  is  right.  Any  little  variation 
from  a  true  plane,  caused  either  by  imperfect  work  or  the  action  of 
travel,  will  show  much  more  plainly  than  when  the  surface  is  slightly 
curved.  It  is  also  better  to  prevent  all  the  water  from  running  trans- 
versely across  the  street.  By  locating  the  crown  of  the  street  on  the 
quarter,  instead  of  at  the  center,  and  by  giving  a  slight  rise  from  the 
higher  gutter  to  the  crown,  these  two  difficiilties  are  overcome,  the 
difference  in  elevation  is  but  slightly  changed,  and  the  distance  in 
which  to  overcome  it  is  made  considerable. 

The  author  has  adopted  0.33  ft.  for  a  ruiniinum  and  0.85  ft.  for  a 
maximum  gutter.  These  figures  agree  very  closely  with  the  speaker's 
ideas;  but  a  gutter  involving  a  step  of  10  ins.  should  be  used  only  in 
verv  extreme  cases,  and  when  to  this  is  added  another  step  of  11  ins., 


Papers.]    DISCUSSION  ON  STREET  GRADES  AND  CROSS-SECTIONS.   137 


and  the  two  are  separated  by  a  tread  of  12  ins.,  the  construction  is  bad,  Mr.  Tillson. 
and  should  be  avoided,  unless  it  can  be  shown  to  be  absolutely  the  best 
under  the  existing  conditions.     A  double  curb,  as  constructed,  is  ex- 
pensive, unsightly  and  dangerous. 

In  Fig.  4  the  speaker  has  taken  five  of  the  worst  sections  shown  in 
the  paper  and  has  replatted  them,  and  on  the  same  base  has  platted 
the  sections  he  would  have  used.  The  author's  section  is  shown  by  a 
full  hue  and  the  speaker's  by  a  dotted  line,  the  latter  result  being  ob- 
tained by  using  sidewalk  slopes  and  glitters  within  the  limits  recom- 
mended by  the  author. 
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Fig.  4. 

In  Section  No.  5  it  will  be  seen  that  by  making  gutters  0.66  ft.  and 
0.36  ft.  on  the  high  and  low  sides,  respectively,  making  the  crown  on 
the  quarter,  and  allowing  a  rise  of  0.16  ft.  from  the  gutter  to  the 
luarter,  a  section  can  be  obtained  which  in  no  place  has  a  greater  slope 
than  the  author's,  which  has  a  step  of  0.66  ft.  instead  of  0.82  ft.  and 
»vhich  does  away  entirely  with  the  double  curb.  On  the  street,  the 
fact  that  the  two  sides  are  unbalanced  would  hardly  be  noticed,  except 
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Mr.  TilLson.  by  a  trained  eye,  and  for  practical  use  this  section  is  as  good  as  the 
other. 

In  Section  No.  7  the  slope  of  the  sidewalk  on  the  low  side  is  re- 
duced to  the  rniuimurn  and  the  depth  of  the  gutter  made  0.36  ft.  On 
the  other  side  the  maximum  gutter  is  taken,  and  the  i*ise  to  the 
quarter  is  the  same  as  used  in  Section  No.  5.  The  resulting  section 
has  no  slope  in  excess  of  the  author's,  does  away  with  the  double  curb, 
and  has  a  curved  surface  where  that  shown  by  the  author  is  practically 
level,  there  being  but  0.04  ft.  fall  in  20  ft. 

In  Section  No.  2  the  gutter  on  the  low  side  is  made  0.36  ft. ;  on  the 
high  side  it  is  placed  at  the  top  of  the  author's  real  curb,  and  the  sec- 
tion is  figured  as  in  No.  7.  This  slope  is  slightly  in  excess  of  that 
used  by  the  author,  but  not  to  such  an  extent  as  to  be  detrimental, 
while  on  the  other  hand  it  does  away  with  the  necessity  of  the  double 
curb. 

Section  No.  9  is  on  a  street  90  ft.  wide.  The  low  gutter  is  made 
0.5  ft.  deep,  and  on  the  high  side  it  is  placed  at  the  top  of  the  curb, 
as  in  No.  2.  By  making  the  quarter  crown  0.24  ft.  above  the  high 
gutter,  a  section  is  obtained  with  a  slope  even  less  than  the  author's, 
and  with  no  double  curb. 

In  Section  No.  8  the  worst  conditions  are  encountered.  The  two 
gutters  are  made  0.36  ft.  and  0.83  ft.,  respectively,  and  the  quarter 
crown  0. 16  ft.  This  gives  as  a  section  the  upper  dotted  line,  which 
is  rather  bad,  but  the  speaker  thinks  that  even  here  he  would  adopt 
it  in  preference  to  the  double  curb  and  the  section  shown  by  the 
author,  having  a  slope  of  0.37  ft.  from  the  gutter  to  the  center,  and 
thus  throwing  the  entire  surface  water  to  the  low  side  of  the  street. 

If,  however,  it  is  thought  that  the  slope  is  too  great,  the  speaker 
would  reduce  it  by  placing  the  step  near  the  building,  rather  than 
at  the  curb  line.  The  exact  distance  from  the  property  line  must  be 
determined  by  the  conditions.  If,  as  is  generally  the  case,  a  certain 
space  is  allowed  to  property  owners  for  a  display  of  goods,  or  for 
area-ways  or  courtyards,  this  step  might  be  located  at  the  edge  of 
this  space,  with  no  inconvenience  to  any  one.  In  this  event  the  side- 
walk would  be  laid  on  the  same  slope  as  before,  but  0.5  ft.  lower,  and 
the  cross-section  of  the  street  would  be  as  shown  by  the  lower  dotted 
line,  which  the  speaker  thinks  is  much  to  be  preferred  to  that  used  by 
the  author. 

If  the  latter  plan  were  adopted,  the  upper  sidewalk  would  ex- 
tend some  3  or  4  ft.  beyond  the  property  line  at  the  cross  streets, 
and  then  return  up  the  side  street,  running  the  grade  out  in  a  short 
distance  and  thus  doing  away  entirely  with  the  two  steps  at  the 
curb.  Should  the  gutters  shown  by  the  author  be  retained,  the  actual 
street  would  be  improved  by  adopting  the  section  shown  by  the  lower 
dotted  line. 
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If  the  above  new  sections  should  be  used  on  a  street  where  existing  Mr.  TiUson. 
conditions  were  as  described  in  the  paper,  no  double  curb  would  be 
required,  and,  for  practical  purposes,  the  cross-sections  would  be  as 
good  as  those  shown  by  the  author. 

These  results  have  been  obtained  by  varying  from  the  author's 
procedure  in  two  ways :  First,  by  making  the  crown  on  the  quarter  in 
every  case  where  the  difference  in  elevation  of  the  curbs  requires  it; 
second,  by  not  attempting  to  make  the  slope  on  both  sides  of  the 
center  uniform. 

The  speaker  has  used  the  first  method  for  several  years  with 
uniformly  good  results,  and  is  fully  satisfied  that,  under  the  condi- 
tions considered  in  the  paper,  it  is  the  proper  course  to  adopt. 

While  the  author  has  not  always  attained  the  results  mentioned  in 
the  second  reason,  he  has  done  so  in  Sections  Nos.  5  and  9,  and,  ap- 
parently, has  sought  to  in  others,  thus  necessitating  the  use  of  the 
double  curb,  or  a  needlessly  high  step. 

A.  W.  Hankxnson,  Jun.  Am.  Soc.  C.  E. — In  determining  crowns  for  Mr.  Hankinson. 
asphalt  pavements  in  New  York  City,  that  is,  in  the  Borough  of  Man- 
hattan, a  standard  section  is  assumed  of  4^-in.  gutters,  with  a  crown 
of  y-Joj  and  a  quarter  height  of  Tio  of  the  width  of  the  roadway,  thus 
making  the  proportion  of  crown  to  quarter  as  8  : 5.  "When  the  curbs 
are  not  level,  the  gutter  on  the  high  side  is  deepened  to  a  maximum 
of  9  ins.,  and  if  the  gutters  are  still  of  unequal  elevation,  one-half 
of  the  difference  of  elevation  is  subtracted  from  the  standard  crown, 
in  effect  securing  the  standard  fall  of  2%  from  the  crown  to  the  gutter 
on  the  low  side.  It  will  be  seen  that  in  a  30-ft.  roadway,  with  a  differ- 
ence of  curb  level  of  llf  ins.,  the  result  of  following  this  plan  will  be 
a  street  with  no  crown  at  all,  the  pavement  being  on  a  straight  grade 
from  gutter  to  gutter.  It  seldom  occurs  that  a  greater  difference  in 
curb  elevation  is  necessary  on  30-ft.  streets,  as  in  most  cases  one  of  the 
curbs  can  be  raised  or  the  other  lowered  without  doing  very  much 
damage  to  the  adjoining  property.  The  wider  the  roadway,  the  greater 
the  difference  in  curb  level  that  can  be  allowed ;  as  in  60-ft.  streets, 
the  crown  being  7^  ins.,  a  difference  of  18  ins.  can  readily  be  ad- 
justed. 

The  author,  having  the  opportunity  of  adjusting  not  only  the 
roadway,  but  also  the  sidewalk,  it  would  seem  that  even  his  maximum 
difference  of  level  of  1.65  ft.  in  66  ft.  could  have  been  accommodated 
without  the  use  of  the  stepped  curb,  by  lowering  the  sidewalk  on  the 
high  side.  A  step  at  the  entrance  of  each  store  would  be  less  objection- 
able than  a  continuous  one  at  the  curb  for  the  length  of  the  block. 

Roadways  of  a  greater  width  than  30  ft.  have,  in  New  York,  usually 
a  street  railroad  occupying  15  ft.  of  the  street.  When  such  railroad 
has  no  underground  conduit  to  be  used  as  a  drain/the  rails  are  placed 
on  the  contour  of  the  pavement  arch,  as  in  a  level  60-ft.  section,  the 
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Mr  Hankinson.  center  rails  would  be  i  in.  below  the  crown  and  the  outside  rails 
dropped  f  in.  from  the  center  rails.  As  the  pavement  between  the 
rails  is  crowned  up  1  in.,  this  f-in.  drop  amply  provides  for  drainage. 
In  the  case  of  an  underground  trolley  with  slotted  conduit,  the  slot 
rails  are  placed  on  the  contour  of  the  pavement  crown  and  the  tram 
rails  made  level  if  possible.  Should,  however,  the  difference  of  curb 
elevation  be  very  great,  the  track  is  "  terraced,"  that  is,  one  track,  that 
on  the  low  side  of  the  street,  is  dropped  from  1  to  3  ins.  from  the  other. 
By  terracing  the  tracks  and  raising  and  dropping  the  outside  rails  |  in. 
on  the  high  and  low  sides  of  the  street,  respectively,  a  difference  of  19 
ins.  in  curb  level  on  a  60-ft.  street  has  been  adjusted  without  draining 
to  one  gutter. 

The  crowns  used  by  the  author  give  a  much  steeper  cross-grade 
than  could  be  safely  used  in  Xew.York  City.  His  quarter  height  being 
quite  high  in  proportion  to  the  crown,  a  very  sharp  incline  from  quar- 
ter to  gutter  results.  It  may  be  that  TVabash.  Ind. ,  is  not  subject  to  the 
fogs,  mists  and  drizzling  rains  which  make  the  New  York  pavements  so 
slippery  at  times,  and  that  a  cross-grade  of  3%,  entirely  unsuited  to 
the  climatic  conditions  obtaining  in  Xew  York,  would  be  eminently 
proper  in  an  inland  city. 
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This  Cement  has  been  in  general  use  throughout  the  West  and  South 
since  1830,  most  of  the  public  works  having  been  constructed  with  it.  Orders 
for  shipment  to  any  part  of  the  country,  by  rail  or  water,  will  receive  prompt 
and  careful  attention. 

Sales  for  1893,  3,145,568  Barrels. 

WESTERN     CEMENT     COMPANY, 

247  W.  Main  St.,  Louisville,  Ky. 


FRONTIER 

Single  and  Tandem  Cylinder 

GAS  AND  GASOLINE  ENGINE. 

PARTICULARLY  ADAPTED  FOR 

Pumping   and  Electric    Lighting. 
FRONTIER  IRON  WORKS, 

Atwater  Street,  Detroit,  Mich. 
Builders  and  Western  Sales  Agents. 


Vertical,  2  to  10  H.-P. 
Horizontal,  10  to  100  H.-P. 


YARYAN  CO.,  41  Park  Row,  New  York,  Eastern  Sales  Agents. 


Ill 


ALCATRAZ    ASPHALT 

Guaranteed  free  from  Coal  Tar  or  Petroleum  Residuum, 

For  Reservoir  Linings 

and  Pipe  Coatings. 


The    AlcatraZ    CO.,  San  Francisco,  Cal. 
General  Eastern  Office,  3  West  29th  St.,  New  York. 


NEW   YORK    DREDGING    CO., 

ENGINEERS    AND   CONTRACTORS. 

<JEO.  W.  CATT,  M.  Am.  Soc.  C.  E.,  President  and  Engineer.    0.  L.  WILLIAMS,  Secretary  and  Treasurer. 


Hydraulic  Dredge  discharging  through  5,700  Ft.  Pip?.     Will  dig  and  put  ashore  any  Material,  Rock  excepted, 

SPECIALTIES: 

Machinery  for  Economical  Excava- 
tion of  Canals. 

For  Dredging,   For  Reclamation  of 
Low  Lands. 

CORRESPONDENCE  SOLICITED. 

World  Building,  New  York,  N.  Y. 

"Machines  at  work  at  Wilmington,  Del.; 
Port    Royal,    S.  C;    Port   Arthur,    Sabine 
Patent  Canal  Excavator.  Pass,  Texas,  and  Oakland,  Cal." 

'apacity  of  Plant  owned  by  us,  under  favorable  conditions,  1,000,000  cubic  yards  per  month. 


WEST  PASCAG0ULA  CREOSOTE  WORKS, 

WEST  PASCAGOULA,  MISS. 
Situated  on  Pascagoula  Bay  and  on  the  line  of  the  Louisville  and  Nashville  Railroad. 

These  works  have  been  in  operation  for  more  than  twenty  years,  were  recently 
entirely  rebuilt  and  enlarged,  and  are  now  prepared  to  execute  all  orders  for  creosoted 
piles  and  timber  thoroughly  impregnated  with  dead  oil  of  coal  tar. 

New  cylinders  115  feet  long.     Capacity,  one  million  feet  per  month. 

Address   S.    W.    LABROT 

Supt.  West  Pascagoula  Creosote  Works, 

West  Pascagoula,  Miss. 
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^ENGINEERS,  8- 

ADDRESS    THE    WORKS    DIRECT, 

JOHN  STREET,  WEST  NEW  BRIGHTON,  STATEN  ISLAND,  N.  Y 

(ESTABLISHED     1873), 

Make  a  specialty  of  Machinery  for  the  rapid  and  economical  handling  of  heavy  or 
bulky  materials,  as  well  as  Plans  for  Storage  Buildings  and  "Wharves. 

ENGINEERS  ARE  REQUESTED  TO  SEND  FOR  OUR  CATALOGUES. 
"Coal-Handling  Machinery,"  "Cable  Railways  for  Freight," 

"Conveyors"  Gravity  Bucket,  "Manilla  Rope"  Transmission, 

"Industrial  Railways."  "Coal  Handling  in  Power  Plants." 

extent  of  Asphalt  Pavements 

IN  THE  UNITED  STATES  AND  CANADA. 

Trinidad  Lake  Asphalt  Pavement,  21,527,415  square  yards,  or  90% 
Other  kinds  Asphalt  Pavement.        2,307,064  square  yards,  or  10% 

olthLJRINIDAD"LAKE  asphalt  pavement 

10,000,000  square  yards,  or  nearly  50%, 

WAS  LAID  BY 

THE  BARBER  ASPHALT  PAVING  COMPANY. 

§This  is  equal  to  about  650  miles  of  Roadway,  26  feet  wide. 
The  Asphalt  used  by  this  Company  is  from  the  famous 
Pitch  Lake  in  the  Island  of  Trinidad,  B.  W.  I. 
J^Plans  and  Estimates  Furnished  on  Application. 
GENERAL   OFFICES  \ 
LE  DROIT  BUILDING,     -        -       -     WASHINGTON,  D.  C. 
BOWLING  GREEN  BUILDING,  No.  11  Broadway,  New  York. 
F.  V.  GREENE,  President. 

SUPERIOR  GRAPHITE   PAINT 

For  BRIDGES,  A  STRUCTURAL 

ROOFS,    .  ^  IRON,    .... 

And  all  Exposed  Metal  or  Wood  Surfaces. 


wTJt£**ZMMZl         Detroit  Graphite  Mfg.  Co., 

acid   fumes,    smoke  or  i^pthait     j»*i/-m 

chemicals. DETROIT,  MICH. 


Architects  and  Builders, 

When  making  Contracts,  should  remember  that 

12,000,000  Barrels 

"HOFFMAN" 

CEMENT 

Have  been  used  on  important  works  throughout  the  United  States. 

No  other  Cement  Company  can  show  such  a  Record. 

Lawrence  Cement  Co. 

Sales  Office,  No.    i   Broadway,   New  York. 


LABORATORIES  OF  Dr.  CHAS.  F.  McKEM,  22'  pearl  st.,  newyork, 

Successor  to  Dr.  GIDEON  E.  MOORE. 

DEPARTMENT  OF  CHEMISTRY.  Analyses  and  Assays  of  Ores,  Metals,  Waters  and  Natural 
and  Industrial  Products  of  every  description. 

DEPARTMENT  OF  PHYSICAL  TESTS.  Tensile,  Transverse  and  Compression  Tests  of  Iron,  Steel 
and  other  Metals  and  Alloys,  Cements,  Building  8tones  and  Engineering  Materials  generally. 

ESTABLISHED    1856. 


Warren  Foundry  and  Machine  Co, 

WORKS  AT  PHIXLIPSBTJRG,   NEW  JERSEY. 

SALES  OFFICE:   160  BROADWAY,    NEW  YORK. 


CAST-IRON,  WATER  AND  GAS  PIPE, 

Feom  3  to  48  Inches  Diameter. 
Also  all  sizes  of  FLANGED    PIPE  and  SPECIAL.   CASTINGS. 
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ESTABLISHED     1845. 


"W.     &    L_     IE.     GURLET 

TROY,      IN".     Y.,      U.     S.     A. 

LARGEST   MANUFACTURERS   IN   AMERICA  OF 

Civil  Engineers'  and  Surveyors'  Field  Instruments. 
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LATEST  CATALOGUE  MAILED  ON  APPLICATION. 


VII 


ESTABLISHED  1872. 


F.  E.  BRANDIS  SONS  &  CO., 

MANUFACTURERS   OF 

Engineers'  and  Surveyors'  Instruments, 

814    GATES    AVENUE, 

BROOKLYN,      NEW     YORK. 


Catalogues  mailed  on  application. 


Gravity  and  Pressure  Filters, 

Constructed  under  the  HYATT,  JEWELL  and  WARREN  Patents. 

THE    ACKNOWLEDGED     STANDARD   OF 
MECHANICAL     FILTRATION. 

Patents  Sustained  by  the  Highest  Courts. 
HIGHEST    EFFICIENCY.       LOWEST    PRICES. 

0.  H.  JEWELL  FILTER  CO.,  40-42  WEST  QUINCY  ST.,  CHICAGO. 

NEW  YORK  FILTER  MFG.  CO.,    26  CORTLANDT  ST.,    NEW  YORK. 

220  DEVONSHIRE  STREET,  BOSTON. 

Eppinger  &  Russell  Co., 

CREOSOTING  WORKS, 

Dead  Oil  of  Coal  Tar  Process. 


Piles  and  Timber  treated  with  the  above  Oil  for  all  purposes, 
when  preservation   is  desired. 


Introduced  in  England  by  Mr.  Bethel  in  1838.  DEAD  OIL  OF  COAL  TAR  is  the 
only  known  product  of  commercial  application  that  will  preserve  TIMBER  FROM 
DECAY,  LAND  AND  MARINE  INSECTS. 

Our  Mr.  Valentine  has  had  practical  experience  since  1872,  and  we  have  specimens  of 

Piles  and  Timber  treated  by  him  in  1874,  which  are  in  use  to-day  and  are  in  a  perfect  state  of 

preservation.     We  have  the  largest  and  best  equipped  plant  in  the  world. 

Cylinders  100  ft.  long,  capacity  1,500,000  ft.  per  month. 

Direct  Water  and  Rail  Communications. 

MANUFACTURERS   OF   THE 

Valentine  Electrical  Subway  Conduit. 


WORKS: 

Foot   First  Street  and   Newtown  Creek, 

LONG  ISLAND  CITY. 


OFFICES: 

MORRIS    BUILDING 
66  BROAD  ST.,  NEW  YORK. 


SEND  FOR  CIRCULARS  AND  PRICES. 
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THE    F.  O.   NORTON    COMPANY, 


— MANUFACTURER   OK — 


3EEE;y^cL:ira,-Lxl±o    Cem  eio-i:., 

92    BROADWAY,    NEW   YORK. 


Particularly  adapted  for  work  under  water,  for  which  use  it  is 
superior  to  the  best  Portland  Cement,  when  used  i  to  i. 

Certificates  of  tests  and  reports  on  actual  use  in  important  public 
works  furnished  on  application. 


OUR    LEADING 

Architects,  Engineers  and  Builders 

SPECIFY  AND  USE 

BROOKLYN    BRIDGE    BRAND 

_ROSENDALE   HYDRAULIC   CEMENT. 

j     PARK  ROW  OFFICE   BUILDING— 30  STORIES. 
USED  EXCLUSIVELY  ON  (     WALDORF-ASTORIA  HOTEL— LARGEST  IN  THE  WORLD. 

HAVE  SUPPLIED  FOR  NEW  YORK  CROTON  AQUEDUCT,  IN  1897  AND  1898,  165,000  BARRELS. 


ATLAS  Portland  Cement 

IS  THE  STANDARD 
AMERICAN    PORTLAND. 

The  U.  S.  Government  gives  it  preference  over  all  other  brands* 

ATLAS  CEMENT  CO., 
J43  LIBERTY  STREET,  NEW  YORK  CITY, 


IRONCLAD  PORTLAND  CEMENT 


High-grade  American 

PORTLAND  CEMENT 

Manufactured  by  Glens  Falls  Portland  Cement  Co.  unsurpassed  for  making 


Sole  Selling  Agent,  Commercial  Wood  &  Cement  Co., 
156   FIFTH   AVENUE,    NEW   YORK 


Fine  Artificial  Stone. 


IX 


FOR    MAINS    4    TO    84    INCHES    OR    LARGER. 


Measurements  by  these  meters  are  more  accurate  than  measurements  by^weirs. 
Smaller  meters  for  laboratories  of  Schools  and  Colleges. 

BUILDERS  IRON  FOUNDRY,  Providence,  R.  I. 

A.  J.   SNYDER   &   SONS, 

"DESCEIF  £  IIUI IISEIDILI  CEMENT 

Especially  manufactured  for 

IMPORTANT    ENGINEERING    WORK, 

requiring  a  high  grade  testing  cement.    Over  30,000  barrels  were  used  on 
the  new  dams  for  the  Crotou  Aqueduct,  and  not  one  barrel  was  rejected. 

"waSHST*   HENRY  R.  BRIGHAM,  General  Agent, 

35  STONE  STREET,  NEW  YORK  CITY. 


WORKS 


ARE    THE    LARGEST    IN    EXISTENCE. 


OTIS   BROTHERS  &  CO., 

38   PARK   ROW,  NEW  YORK. 


MANUFACTURERS  OF 

ELEVATORS  OPERATED  BY  ANY  POWER  EXCEPT  HAND-POWER. 


Connecting  Branch  Sleeve 

—  Tapping  Apparatus 

For  making  Large  Connections  without 

Shutting  Off  Water  or  Reducing  Pressure. 

This  is  no  experiment,  but  has  been  used 
by  the  Water  Departments  of  numerous 
cities  for  years  with  entire  success.     Con- 
nections from  2  to  24  ins.  have  been  made  with  mains  from  4  to 
48  ins.     For  full  information,  address 

THE  A.  P.  SMITH    MFG.  CO.,  921  Prudential  Building,  Newark,  N.  J. 

The  Evening  Post  Job  Printing  House, 

FULTON    STREET,  CORNER   BROADWAY, 
NEW  YORK. 


PRINTERS    OF    PERIODICALS. 


DURABLE 

METAL  COATING 

(Formerly  called  Black  Bridge  Paint.) 
FOR  BRIDGES  AND  ALL  STRUCTURAL  METAL. 


EDWARD  SMITH  &  CO., 45  Broadway,  NewYork. 

Varnish  Makers  and  Color  Grinders.  P.  O.  Box  1780. 


Rock  Drilling  and  Air  Compressing; 

nvc^o  EC  I  ZLnT  IE  ZR,~X" 

For  TUNNELS,  QUARRIES,  MINES,  RAILROADS, 

And  wherever  ORE  and  ROCK  are  to  be  DRILLED  and  BLASTED. 


83-  SEND   FOR  NEW  CATALOGUE. 


RAND  DRILL  CO.,  100  Broadway,  New  York,  U.  S.  A, 

Branch  Offices  :  Monadnock Building,  Chicago,  111.;  Ishpeming,  Mich. ;  1361  Eighteenth 
Street,  Denver,  Colo.  ;  Sherbrooke,  Quebec,  Canada;  Apartado  830,  Mexico  City. 
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THE   PROOF  OF  VALUE 

OF  THE 

SERVIS    TIE    PLATE 

IS    ITS    RECORD. 

Used  over  eight  years  by  most  every  leading  rail- 
road. No  other  plate  has  been  used  satisfactorily  over 
two  years.     Write  us. 


THE  Q.  &  C.  CO., 


705  Western  Union  Building, 

Chicago,  111. 
100  Broadway,  New  York, 

N.  Y. 
70  Kilby  St.,  Boston,  Mass. 


109  Endicott  Arc,  St.  Paul,  Minn. 
525  Mission  St., 

San  Francisco,  Cal. 
17  Place  D'Armes  Hill, 

Montreal,  Can. 
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Select  Advertisements  will  be  Received  at  the  following  Rates: 


One  Teab. 

10  Insertions. 

%  Year. 

5  Insertions. 

3  Insertions. 

One  Page 

$170  00 
90  00 
50  00 
20  00 

$95  00 
55  00 
30  00 

$60  00 

One-half  Page 

35  00 

20  00 

One-twelfth  Page,  Card 

Address  the  Secretary  of  the  Society,  220  West  57th  Street,  New  York. 
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GIANT  PORTLAND,  manufactured  by 

eqypt  Portland,       AMERICAN  CEMENT  CO.,  Egypt,  Pa., 

IMPROVED  UNION,  LESLEY  &  TRINKLE,  Sales  Agents, 

AND  UNION  CEMENTS.       22  &  24  South  15th  St.,     Philadelphia. 


CONTINUOUS  RAIL  JOINT  COMPANYJOMMW, 


912   PRUDENTIAL    BUILDING, 
NEWARK,  N.  J. 

Millions  in  use  on 
80  Railroads 

Fewest  parts  possi- 
ble. Provides  for  the 
,,     increased 
1  tonnage  up 
to  date. 


^RiTERiON         SPEAK  QU,CK 

a'  FOR  A  STEREOPTICON 

AT   HALF   PRICE! 

CLOSING      OUT'    Ow'ng   to   the    rapid    development 

'  of  our  ACETYLENE  GAS  GEN- 
ERATOR business,  we  are  closing  out  our  STEREOPTICON 
DEPARTMENT.  Send  for  bargain  circular,  also  information 
about   ACETYLENE    GAS. 


J.    B.    COLT    &    CO.,    Dept.    48, 


3  TO   7   WEST   29TH    STREET, 


NEW   YORK. 


Pacific  Flush  Tank  Co. 

84  LA  SALLE  STREET,  CHICAGO,  ILL., 

MANUFACTURERS    OF  THE 

flQUIer   jflutomatic   ffipbon, 

FOR  INTERMITTENT  FLUSH  TANKS. 


Used  for  Flushing  Street-Sewers. 

NO  MOVING  PARTS.      NO  JOINTS.      NO  LITTLE  TRAPS. 

RECEIVED  THE  HIGHEST  AWARD  IN  ITS  CLASS  AT  THE  WORLD'S 
COLUMBIAN  EXPOSITION  FOR 

Simplicity  of  Construction,  Effectiveness  and  Reliability. 

Salt  Lake  City,  Utah,  December  14,  1897. 
******       Flushing  with  the  hose  is  not  satisfactory  for  the  reason 

that  it  is  expensive,  and  owing  to  the  time  it  takes  to  get  over  the  system  ttie  laterals  are 
not  flushed  often  enough  to  keep  them  clean.    The  laterals  flushed  by  siphons  are  in  much 
better  condition  than  those  flushed  with  the  hose.    The  Miller  Automatic  Siphons  that 
we  have  put  in  are  giving  entire  satisfaction,  and  in  my  opinion  they  are  the  most  efficient      $k 
siphons  in  use.  (Signed)  F.  C.  KBLSET,  City  Engineer.         ^ 

EACH  SIPHON  GUARANTEED   ABSOLUTELY. 


Send  for  Illustrated  Catalogue. 


Union  Bridge  Company. 


CHARLES  MACDONALD, 


ANDREW  ONDERDONK. 


Civil  Engineers  and  Constructors  of  Bridges,  Tunnels, 
and  Public  Works. 

JOSEPH   MAYER,  Engineer. 


PRINCIPAL    OFFICE, 

No.   I    BROADWAY,   NEW  YORK. 

Cable  Address :  ««  Yaraunion.  New  York." 


Works:   ATHENS,   Pa. 
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MINUTES  OF  MEETINGS. 


OF  THE   SOCIETY. 


April  5th,  I899. — The  meeting  was  called  to  order  at  21  o'clock, 
Mr.  Allen  Hazen  in  the  chair;  Charles  Warren  Hunt,  Secretary,  and 
present,  also,  56  members  and  8  visitors. 

The  minutes  of  the  meetings  of  March  1st  and  15th.  1899,  were 
approved  as  printed  in  Proceedings  for  March,  1899. 

The  Secretary  presented  a  paper  by  Professor  L.  M.  Hoskins.  en- 
titled ••  General  Criterion  for  Position  of  Loads  Causing  Maximum 
Stress  in  Any  Member  of  a  Bridge  Truss,"  and  also  read  a  discussion 
on  the  subject  by  Frank  H.  Cilley,  Esq. 

The  Secretary  read  a  letter  from  the  Building  Code  Commission 
of  the  City  of  New  York  inviting  the  Society  to  send  a  communication 
in  regard  to  the  existing  building  law,  and  its  individual  members  to 
attend  the  public  hearings  on  the  matter,  of  which  due  notice  is  given 
in  the  City  Record. 
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Ballots  were  canvassed  and  the  following  candidates  declared 
elected: 

As  Members. 

Arsene  PERRriiiiiAT,  New  Orleans,  La. 
Charles  Henry  Rust,  Toronto,  Ont.,  Canada. 
Jonas  Waldo  Smith,  Paterson,  N.  J. 
William  Richardson  Webster,  Philadelphia,  Pa. 

As  Associate  Members. 

Jultcs  Leroy  Adams,  South  Manchester,  Conn. 
George  Baum,  Bloomfield,  N.  J. 
Edward  Everett  Betts,  Chattanooga,  Tenn. 
Edward  Wallace  Bush,  Hartford,  Conn. 
Frederick  Albert  Coleman,  Rome,  N.  Y. 
Allan  Winter  Cuddeback,  Paterson,  N.  J. 
Charles  Adriance  Mead,  Newark,  N.  J. 
James  C  Nagle,  College  Station,  Texas. 
George  Fetter  Stickney,  Macon,  Ga. 

The  Secretary  announced  that  at  the  meeting  of  the  Board  of 
Direction,  April  4th,  1899,  the  ballot  on  the  reconsideration  of  Judd 
Allen  Lockwood  was  canvassed,  and  Mr.  Lockwood  declared  elected 
a  Member  of  the  Society. 

Announcement  was  made  that  the  following  candidates  were 
elected  by  the  Board  of  Direction  April  4th,  1899: 

As  Associates. 

Alger  Crocheron  Gildersleeve,  New  York  City. 
John  Byron  Goldsborough,  Croton-on-Hudson,  N.  Y. 

•  As  Juniors. 

Pitson  Jay  Cleaver,  Brooklyn,  N.  Y. 
Thomas  Crabb,  Newark,  N.  J. 
Almon  Homer  Fuller,  Seattle,  Wash. 
Charles  Rufus  Harte,  Boston,  Mass. 
Frederic  de  Peyster  Hone,  New  York  City. 
Thaddeus  Merriman,  Washington,  D.  C. 
Garret  Edward  Tilt,  Paterson,  N.  J. 

As  Fellow. 
John  Robert  Stanton,  New  York  City. 
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The  Secretary  announced  the  following  deaths: 

Robert  Delos  Rowe,  elected  Member  January  2d,  1890;  died  March 
14th,  1899. 

Arthur  Sheppard  Campbell,  Wurtele,  elected  Member  March 
5th,  1873;  died  March  20th,  1899. 

The  Secretary  announced  that  on  Wednesday,  April  12th,  a  meet- 
ting  of  the  Juniors  of  the  Society  would  be  held,  the  subject  for  dis- 
cussion being  "The  Duties  and  Responsibilities  of  an  Inspector." 

The  Secretary  announced  the  subject  for  discussion  of  the  meeting 
of  April  19th,  1899. 

Adjourned. 

April  i9th,  i899. — The  meeting  was  called  to  order  at  20.45  o'clock, 
President  Desmond  FitzGerald  in  the  chair,  Charles  Warren  Hunt, 
Secretary,  and  present,  also,  80  members  and  11  visitors. 

H.  de  B.  Parsons,  M.  Am.  Soc.  C.  E.,  described  some  novel 
methods  of  steam  and  hot  water  heating,  and  the  subject  was  discussed 
by  Messrs.  W.  H.  Baldwin,  H.  W.  Brinckerhoff  and  the  President. 

The  Secretary  presented  a  communication  from  T.  H.  McCann,  M. 
Am.  Soc.  C.  E. ,  describing  the  laying  and  testing  of  two  lines  of  18-in. 
submerged  water  mains,  and  the  subject  was  discussed  by  Messrs.  L. 
B.  Ward,  O.  H.  Tripp,  E.  C.  Moore,  A.  Potter,  H.  W.  Brinckerhoff 
and  the  President. 

The  Secretary  announced  the  following  deaths:  Jacob  Blickens- 
derfer,  elected  Member  June  1st,  1881;  died  February  ,  1899,  and 
Charles  Irwin  Brown,  elected  Member  January  7th,  1891 ;  died  March 
23d,  1899. 

Adjourned. 

OF  THE   BOARD  OF   DIRECTION. 

(Abstract.) 

April  4th,  1899 — Past  President  Thomas  Curtis  Clarke  in  the 
chair;  Charles  Warren  Hunt,  Secretary,  and  present  also  Messrs.  Ben- 
sel,  Morison,  Owen,  Thomson,  Turner  and  Whinery. 

The  ballot  on  the  reconsideration  of  the  vote  on  Judd  Allen  Lock- 
wood  was  canvassed  and  Mr.  Lockwood  was  declared  elected  a  Mem- 
ber of  the  Society. 

The  appointment  by  the  President  of  a  Committee  of  the  Board  of 
Direction,  and  a  Local  Committee  of  Arrangements  for  the  Annual 
Convention  was  reported.* 

A  communication  from  the  Building  Code  Commission  of  the  City 
of  New  York  inviting  from  the  Society  any  communication  in  relation 
to  the  existing  building  laws  of  New  York  City  was  received. 

*  See  p.  87. 
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The  Secretary  was  instructed  to  reply  to  the  same  and  to  read  the 
letter  at  the  next  meeting  of  the  Society. 

The  S93retary  reported  that  the  late  Herbert  Steward,  Assoc.  Am. 
Soc.  C.  E.,  had  bequeathed  to  the  Society  the  sum  of  two  thousand 
dollars  (§2  000)  to  be  known  as  the  Herbert  Steward  Library  Fund, 
and  that  his  will  also  provided  that  the  Society  should  receive  such  of 
the  technical  books  in  his  library  as  it  desires;  these  books  to  be 
selected  by  the  Secretary. 

The  Secretary  reported  the  successful  negotiation  with  several 
publishers  of  technical  books  for  the  prompt  donation  to  the  Library 
of  their  publications,  and  that  in  future  notices  of  such  donations  will 
"be  published  in  Proceedings  under  the  heading  "  New  Books  of  the 
Month." 

The  Secretary  reported  that  on  March  29th,  1899,  the  New  York 
Electrical  Society  held  one  of  its  meetings  in  the  Auditorium  of  the 
Society. 

Applications  were  considered  and  other  routine  business  trans- 
acted. 

Two  candidates  for  Associate,  seven  for  Junior  and  one  for  Fellow 
were  elected. 

Adjourned. 


ANNOUNCEMENTS. 

In  accordance  with  the  resolution  of  the  Board  of  Direction  the 
House  of  the  Society  is  open  every  day,  except  Sunday,  from  o  to 
22  o'clock. 

MEETINGS. 

Wednesday,  May  3d,  1899,  at  20.30  o'clock,  a  regular  business 
meeting  will  be  held.  Ballots  for  membership  will  be  canvassed,  and 
a  paper  by  John  W.  Hill,  M.  Am.  Soc.  C.  E.,  entitled  "  Comparative 
Tests  of  Bituminous  Steam  Coals  "  will  be  presented.  This  paper  is 
printed  in  this  number  of  Proceedings. 

Wednesday,  May  17th,  1899,  at  20.30  o'clock,  a  meeting  of  the 
Society  will  be  held,  the  paper  for  the  evening  being  "The  Artificial 
Preservation  of  Railroad  Ties  by  the  Use  of  Zinc  Chloride,"  by  W.  W. 
Curtis,  M.  Am.  Soc.  C.  E.  This  paper  is  printed  in  this  number  of 
Proceedings. 

Wednesday,  June  7th,  1899,  at  20.30  o'clock.  At  this  meeting  a 
paper  by  George  W.  Rafter,  M.  Am.  Soc.  C.  E.,  entitled  "On  the 
Theory  of  Concrete,"  will  be  presented  for  discussion.  This  paper  is 
printed  in  this  number  of  Proceedings. 
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JUNIOR   MEETINGS. 


March  i3th,  1899. — A  meeting  of  Juniors  was  held  for  the  pur- 
pose of  discussing  the  advisability  of  inaugurating  future  special 
meetings  of  Juniors,  Vice-President  North  in  the  chair;  Charles 
Warren  Hunt,  Secretary.  The  Secretary  reported  a  digest  of  the 
answers  received  to  an  interrogatory  circular  sent  out  for  the  purpose 
of  ascertaining  the  views  of  all  Juniors.  It  was  concluded  to  test  the 
matter  by  calling  a  meeting  of  Juniors  for  an  informal  discussion  of 
some  engineering  topic,  the  Secretary  being  requested  to  fix  a  date 
for  such  meeting,  and  a  subject  for  discussion. 

April  12th,  1899. — A  meeting  of  Juniors  was  held,  Secretary  Hunt 
in  the  chair,  and  present  also  twenty-five  Juniors.  The  subject  for  the 
evening  was,  "The  Duties  and  Responsibilities  of  an  Engineer  In- 
spector," and  an  interesting  informal  discussion  occupying  more  than 
two  hours  was  participated  in  by  many  of  those  present.  The 
following  resolution  was  passed: 

Resolved,  that  it  is  the  sense  of  this  meeting  that  similar  meetings 
of  Juniors  should  be  provided  for,  and  that  the  Board  of  Direction  be 
requested  to  authorize  the  holding  of  such  meetings  on  the  Second 
Wednesdays  of  May  and  June,  1899." 

Messrs.  J.  M.  Evans,  M.  E.  Evans  and  E.  D.  Knap  were  appointed 
by  the  Chair  an  Executive  Committee  to  act  on  behalf  of  the  Juniors, 
if  the  proposed  meetings  should  be  authorized. 

ANNUAL  CONVENTION. 

The  Thirty-first  Annual  Convention  will,  as  heretofore  announced, 
be  held  at  the  Stockton  Hotel,  Cape  May,  N.  J.,  June  27th  to  30th, 
1899. 

The  following  Committees  have  been  appointed  to  take  charge  of 
the  Convention,  and  due  notice  of  arrangements  made  for  transporta- 
tion, etc.,  will  be  issued. 

COMMITTEE  OF  THE  BOARD  OF  DIRECTION  : 

C.  C.  Schneider, 
Henry  G.  Morse,  Charles  Warren  Hunt. 

LOCAL  COMMITTEE  OF  ARRANGEMENTS: 
L.  Y.   SCHERMERHORN,  ThEO.  VoORHEES, 

A.  Bonzano.  L.  M.  Haupt, 

Joseph  M.  Wilson,  John  C.  Traltwtne,  Jr. , 

Samttel  Rea,  George  S.  Webster, 

Joseph  T.  Richards,  R.  W.  Lesley. 
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CURRENT  TECHNICAL  LITERATURE. 

Under  the  heading  "Monthly  List  of  Eecent  Engineering  Articles 
of  Interest,"  will  be  found  the  second  installment  of  the  list  begun  in 
the  March  number  of  Proceedings.  It  will  be  seen  that  the  number  of 
periodicals  to  which  reference  is  made  has  been  largely  increased,  and 
that  a  general  classification  of  engineering  work  on  broad  lines  has 
been  adopted. 

The  interest  which  has  already  been  manifested  by  members  of  the 
Society  in  this  list  is  gratifying,  and  several  suggestions  have  been 
made  in  regard  to  it.  It  is  the  opinion  of  some  that  if  the  length  and 
importance  of  each  article,  as  well  as  whether  it  is  illustrated  or 
not,  were  stated,  the  usefulness  of  the  list  would  be  enhanced. 

To  be  of  any  value  an  opinion  in  regard  to  each  of  the  articles  men- 
tioned in  this  list  would  require  the  services  of  an  expert  in  at  least 
each  of  the  classes  into  which  the  list  is  at  present  divided,  and  each 
article  would,  of  necessity,  have  to  be  carefully  studied  by  such  ex- 
pert. It  seems  probable  that  if  the  great  value  of  some  articles  were 
pointed  out,  the  authors  and  publishers  of  those  not  so  treated  might 
have  some  cause  for  complaint,  even  though  the  statement  is  made  on 
the  title-page  of  each  of  our  publications  that  ' '  This  Society  is  not  re- 
sponsible, as  a  body,  for  the  facts  and  opinions  advanced  in  any  of  its 
publications. " 

It  is  a  well-known  fact  that  a  large  percentage  of  the  members  of 
this  Society  are  so  situated  as  not  to  have  ready  access  to  technical 
libraries  in  which  are  deposited  the  various  periodicals  covered  by 
this  list,  and  that  often  those  who  have  such  access  have  not  the  time 
to  look  over  each  month  all  of  these  publications.  It  was  with  the 
intention  of  giving  to  each  member  a  current  knowledge  of  the 
literature  on  the  special  subject  in  which  he  is  interested,  and  suffi- 
cient information  to  enable  him  to  secure  any  special  article  for  his 
library  or  scrap-book,  that  the  list  was  started. 

NEW  BOOKS  OF  THE  MONTH. 

Four  prominent  publishers  of  scientific  books  have  already  agreed 
to  donate  to  the  library  of  the  Society,  promptly  upon  their  issue,  the 
books  brought  out  by  them.  These  newer  books  will  be  placed  in  a 
special  alcove  of  the  reading  room,  and  monthly  book  notices,  under 
the  above  heading,  will  be  issued  in  Proceedings  for  the  information  of 
members.     It  is  hoped  that  this  list  will  also  prove  of  value. 
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GEOGRAPHICAL    DISTRICTS    INTO    WHICH    THE     SOCIETY    IS 

DIVIDED   FOR  THE   PURPOSES   OF  THE   NOMINATING 

COMMITTEE. 

The  seven  geographical  districts  into  which  the  territory  occupied 
hy  the  membership  has  been  divided  by  the  Board  of  Direction,  under 
Art.  Vm,  Sec.  1,  of  the  Constitution,  for  the  purposes  of  the  Nominat- 
ing Committee  are  herewith  annotmced  as  follows: 

District  No.  1. — The  territory  within  50  miles  of  the  Post  Office  in  the 
City  of  New  York. 

District  No.  2. — The  States  of  Maine,  New  Hampshire,  Vermont,  Mas- 
sachusetts, Rhode  Island  and  Connecticut  (except 
as  included  in  District  No.  1),  and  all  countries  in 
Europe. 

District  No.  3. — The  States  of  New  York  and  New  Jersey  (except  as  in- 
cluded in  District  No.  1),  and  the  Dominion  of 
Canada. 

District  No.  4. — The  States  of  Pennsylvania,  Delaware  and  Maryland 
and  the  District  of  Columbia. 

District  No.  5. — The  States  of  Ohio,  Indiana,  Illinois,  Michigan,  Wis- 
consin, Iowa  and  Minnesota. 

District  No.  6.—  The  States  of  Virginia,  West  Virginia,  North  Carolina, 
South  Carolina,  Georgia,  Florida,  Kentucky,  Ten- 
nessee, Alabama,  Mississippi.  Missouri,  Arkansas 
and  Louisiana,  the  West  India  Islands  and  all 
countries  in  South  America. 

District  No.  7. — The  States  of  North  Dakota,  South  Dakota,  Nebraska, 
Kansas,  Texas,  Montana,  Wyoming,  Colorado, 
Idaho,  Utah,  Washington,  Oregon,  California  and 
Nevada;  the  following  territories — Indian  Terri- 
tory, Oklahoma,  New  Mexico,  Arizona  and  Alaska; 
the  Republic  of  Mexico,  and  all  countries  in  Central 
America,  Asia,  Australasia  and  Africa. 
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.MONTHLY    LIST  OF    RECENT    ENGINEERING   ARTICLES   OF 

INTEREST. 

March  15th  to  April  12th,  1899.) 

Note.  —  ThisUst  is  published  for  the  purpose  of  placing  before  the  members 
of  the  Society  the  titles  of  current  engineering  articles,  which  can  be  referred 
to  in  any  available  engineering  library,  or  can  be  procure'/  by  addressing 
the  publication  directly,  the  address  and  price  being  given  ichererer 
possible. 

LIST  OF  PUBLICATIONS. 

In  the  subjoined  list  of  articles  references  are  given  by  the  number  pre- 
fixed to  each  journal  in  this  list. 

i    Journal.  Assoc.  Eng.  Soc..  257  South       i  24 
Fourth  St..  Philadelphia.  Pa  .  30c. 
oceedinqs.  En?.  Club  of  Phila..  1122       1  25  1 
Girard  St..  Philadelphia.  Pa. 
131  Journal.    Franklin    Inst..    Philadel-         2t> 
phia.  Pa..  90c.  27 

4    J  urnal.  Western  Soc.  of  Eng..  Mo- 

nadnoek  Block.  Chicago.  111.  '  (281 

15'  Transactions.  Can.  Soc.  C.  E..  Mon- 
treal. Que..  Can.  1  29 1 
r,     -  hool  of  Mines  Quarterly,  Columbia 

Univ..  New  York  City.  50c.  30 

7     Technology     Quarterly.    Mass.    Inst. 

Tech..  Boston.  Mass!.  75c.  31 

(81  Stevens  Indicator.  Stevens  Institute. 

Hoboken.  X.  J..  50c. 
■  91  Enqineering    Magazine,    New   York        32 
City.  30c. 
(ioi  Ouster's  Magazine.  New  York  City, 

85c  133 

11     Engineering  (London  1.  W.  H.  Wiley.         34 
New  York  City.  35c. 
1 12  1  The  Engineer  1  London  |,  International       1 35  1 

News  Co..  New  York  City.  35c. 
113'  Engineering  yews.  New  York   City.       1361 
15c  (371 

1 4.     £   qineenng  Record.  New  York  Citv.       1381 

12c 
1 15  >  Railroad   Gazette.   New  York  Citv.         39 

10c. 
16'  Engineering    and    Mining    Journal.         40 
New  York  City.  15c.  1 41  > 

17     Street  Rail  tray 'journal.   New  York        421 
City.  35c. 
(i8»  Railway   and    Engineering    Review.         43 

Chicago.  111. 
19     -    inline  American  Supplement,  yew         44 
York  City.  10c. 
i  20 1  Iron  Age.  New  York  City.  10c. 
'21 1  Railway    Engineer.    London.     Eng-       1451 

land. 
(221  Iron  and  Coal  Trades  Review.  Lon-       146' 

don.  England. 
1231  Bulletin.   American  Iron  and   Steel       (471 
lsboc,  Philadelphia.  Pa. 


American  Gaslight  Journal.  New 
York  City.  10c. 

American  Engineer.  New  York  City. 
20c. 

Electrical  Revieic.  London.  England. 

Electrical  World  and  Electrical  En- 
gineer. New  York  City.  10c. 

Industries  and  Iron.  London.  Eng- 
land. 

Journal.  Society  of  Arts,  London. 
England. 

Annales  des  Travaux  Publics  de 
Belgique.  Brussels.  Belgium. 

Annales  de  V  Assoc,  des  Ing.  Sortis 
des  Ecole  Speciales  de  Gand.  Brus- 
sels. Belgium. 

Memoirs  et  Compt  Rendu  des  Tra- 
vaujr.  Soc.  Ing.  Civ.  de  France, 
Paris.  France. 

Le  Genie  Civil.  Paris.  France. 

Portefeuille  Economique  des  Ma- 
chines. Paris.  France. 

Sou  relies  Annales  de  la  Construc- 
tion. Paris.  France. 

La  Revue  Technique.  Paris.  France. 

Revue  de  Mecanique.  Paris.  France. 

Revue  Generate  des  Chemins  de  Fer 
et  des  Tramways.  Paris.  France. 

Railway  Master  Mechanic.  Chicago. 
IU. 

Railway  Age.  Chicago.  111..  10c. 

Modern  Machinery  .Chicago.  111...  10c. 

Transactions.  Am.  Inst.  Elec.  Eng.. 
New  York  City.  50c. 

Annales  des  Ponts  et  Chaussies, 
Paris.  France. 

Journal.  Military  Service  Institu- 
tion. Governor's  Island.  New  York 
Harbor.  75c. 

Mines  and  Minerals.  Scranton.  Pa.. 
20c. 

Scientific  American  .  New  York  City. 
10c. 

Mechanical  Engineer.  Manchester, 
England. 


LIST  OF  ARTICLES. 
Bridge. 

Building  a  Concrete  Arch.     ( 40  I  March  3. 

A  Stone  Arch  Bridge  of  Mo  lerate  Cost.     ( 1 3  1  March  30. 

Three-Span  Melan  Arch  Bridge  Across  the  Passaic  River.  Paterson.  N.J.     <  ■  3  <  March 

16. 
The  New  York  Tower  Foundations.  New  East  River  Bridge.     <  14  1  April  1. 
Screw-Pile  Bascule  Bridge.  Caringa.  India.     1 1 8 1  Feb.  25. 
The  Merits  and  Permanency  of  the  Masonry  Arch  Bridge.    Albert  W.  Buel.    (o)  April. 

1*99. 
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Bridge—  i  Continued). 

Atchafalaya  River  Bridge  Piers.     1141  April  8. 

Reconstruction  of  the  Penrose  Ferry  Bridge.  Philadelphia.     (14)  April  8. 

Bri  Ige  t>9.  New  York  Division.  Pennsylvania  Railroad.     1141  March  25. 

Chicago,  Madison  ana  Northern  Swing  Bridge  Over  Drainage  Canal.     1 18  I  March  4. 

The  Inkissi  Bridge.  Congo  Railway.     <i2>  March  3. 

Bending  Moments  in  Simple  Beams  Due  to  Wheel  Loads.    Thomas  J.  Brereton       6 

Jan..  1899. 
Note  sur  le  Calcul  du  Pont  Yierendeel.    E.  Haerens.     1311  Oct. -Dec..  1898. 
Le  Pont-Canal  de  Biare.  sur  la  Loire.    E.  Rouyer.     133'  March  11. 
Note  sur  la  Construction  du  Pont  Alexandre  HI.    MM.  Rcsal  et  Alby.     (431  Fourth 

trimestre.  1898. 
Notice  sur  le  Pont  a  Transbordeur  de  Bizerte.    M.  Pieard.     1  43  1  Fourth  trimestre.  1898. 

Electrical. 

The  Trend  of  Designing  in  Central  Electric  Stations.    B.  J.  Arnold.     1  24  >  Feb.  20. 

Systems  of  Electric  Rates.    E.  L.  Debell.     (24)  Feb.  6. 

Artificial  Lighting:  1  Gas  and  Electric  1  for  Public  Institutions.     (24*  Jan.  30. 

Electric  Installations  for  Lighting  and  Power  on  the  Midland  Railway,  with  Notes  on 

Power  Absorbed  by  Shafting  and  Belting.    W.  E  Langdon.     1 2 1  <  Feb..  1899. 
The  Lighting  of  Country  Residences.     1141  April  1. 

The  Public  Supply  of  Electricity  at  Canterbury  1  Eng  ).     <  12  1  March  IT. 
Two  New  English  Direct-Current.  Hiarh-Voltage.  Three-Wire  Central  Stations.      27 

March  25. 
The  Difference  Between  Good  and  Bad  Incandescent   Lamps.    Francis  W.  Willcox. 

(271  March  1-. 
The  Growth  of  Electric  Lighting  in  New  York.     1271  March  18. 
Nernst's  Electric  Light.    James  Swinburne.     129'  Feb.  10.     (27)  Feb.  25. 
The  Relation  Between  Mean  Spherical  and  Mean  Horizontal  Candle-Power  of  Lncan- 

descent  Lamps.    Prof.  R.  A.  Fessenden.     .271  Feb.  25. 
The  Electric  Lighting  of  Gibraltar.     <  27  1  Feb.  I B 
Canterbury  Corporation  Electricity  Works.     1  26  1  March  10. 
The  City  of  London  Electric  Lighting  Company's  Works.     ( 26  1  March  3. 
Multiplex  Telegraphs.     (15)  March  17. 

The  Use  of  the  Wehnelt  Interrupter.    Louis  S.  Levy.     127'  March  25. 
Observations  on  the  Wehnelt  Interrupter.    George'T.  Hanchett  and  Charles  T.  Child. 

2  7  >  March  25. 
Experiments  with  the  Wehnelt  Interrupter.    George  T.  Hanchett.     .271  April  8, 
Electricity  Direct  from  Coal.    A.J.Rogers.     ^28*  March  10. 
Wireless  Telegraphy.    G.Marconi.     128)  March  10.     1131  March  30. 
The  Isolated  Plant  of  the  New  Boston  Railway  Terminal.     (27)  March  11. 
Alternating  Currents  Twenty-five  Years  Ago  and  To-Day.    Edwin  J.  Houston  and  A.  E. 

Kennelly.    1271  March  4. 
The  Meran-Bozen  Transmission.     1  2"  >  March  4. 

Storage  Batteries  and  Railway  Power  Stations.    Robert  McA.  Llovd.     (37)  Feb.  25. 
Electric  Power  Stations  of  Granada.  Spain.     127  I  Feb.  25. 
Electricity  on  Board  Ship.    S.  Dana  Greene.     127'  Feb.  IS.     '42    Jan..  1899. 
Electric  Elevators  at  Drury  Lane  Theatre.     <  26  >  Feb.  3. 
Tonawanda  Transformer  S'tation.    Orrin  E.  Dunlap.     (27'  March  18. 
Transmission  Plant  of  the  Southern  California  Power  Company.     '27'  March  18. 
Water  and  Electric  Power  Plant  near  Helena.  Mont.     |  27  I  March  11. 
Hot  •r-Dynamos  or  Accumulators.    Alton  D.  Adams.     (.  17  >  April.  1899. 
Electric  Power  in  Steel  Making.    Eugene  B.  Clark.     1 10  )  April.  188 
Notes  on  Telegraphy. and  Telephony.    W.  H.  Freedman.     (6)  Jan..  1899. 
Les  Accumulateurs  Klectriques  a  Gaz.     1  36  I  March  25. 

.Marine. 

American  Rivalry  in  the  Shipbuilding  Industry.     1 22)  Jan.  20. 
A  Process  of  Firep  roofing  Wood  for  the  Woodwork  of  War  Ships.     (13)  March  23. 
Ships'  Refrigerating  Plants— Linde  System.     1 19  |  March  25. 
The  New  Cruiser  Chitote.  for  Japan.       10  I  March  IS. 
Submarine  Survey.    Charles  Bright.       10    March  IS. 
The  Lake  Freight  Steamer  Tro w.     ,13    March  30. 
H.  M.  Battleship  Glory.      11  1  March  IT. 
The  Japanese  Armored  Cruiser  -Iffrwnfi      (11)  March  3. 
The  Russian  Armored  Cruiser  Gromovoi.     1 12  I  March  24. 

The  Logical  Arrangement  of  the  Motive  Power  of  Warships.    Com.  George  W.  Mel- 
ville.    112)  March  24. 
Busman  Cruiser  Pottada.      12  >  March  10. 
Argentine  Cruiser  Gt  nereU  Belgrano.     1121  March  3. 
The  Monitor,  the  Battle-Ship,  the  Cruiser  and  the  Destroyer.    G.  W.  Dickie.     [0s!  April. 

French  Submarine  Torpedo  Boats.    1 46  >  April  8. 

Engines  of  the  S.  S.  Cltonia.     (11)  March  3. 

Institution  of  Naval  Architects  Meeting.      11    March  81.    (ia)  March  31.    (28  I  March  30. 

lee-Breaking  Steamer  Ermack.     (n)  March  31. 

The  French  Passenger  Steamer  Laos.     1 1 1 1  March  31. 

Engines  of  the  Allan  Liner  Cast  Man.     1 12    March  31. 
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Marine— (Continued). 

Japanese  Cruiser  Kasagi.     (12)  March  31. 

Remarks  on  the  Increasing  Frequency  of  Failure  of  Propeller  Shafts.    Frank  Caws. 

(28)  March  30. 
The  150-Ton    Revolving    Derrick,  Newport  News  Shipbuilding  &  Dry  Dock  Co.     (18) 

March  18. 
Le  Cuirasse  Anglais  le  Goliath.    M.  Hachebet.     (33)  March  11. 
Une  Visite  au  Goubet,  No.  2.    (36)  March  10. 

Mechanical. 

A  Smoke-Preventing  Furnace  Door.    (12)  March  24. 

Boiler  Plant,  C.  R.  I.  &  P.  Ry.     (18)  March  4. 

The  Hutchinson  Sectional  vertical  Tube  Boiler.     (20)  Jan.  19. 

Recent  Advances  in  the  Manufacture  of  High  Grade  Boiler  and  Pipe  Materials.  (13) 
March  23. 

Recent  Practice  in  Steam  Super-heating.    (13)  April  6. 

Circulation  and  Heat  Transmission  in  Water-Tube  Boilers.  David  R.  Todd.  (47) 
April  1. 

Steam  Pipes.    J.T.Milton.    (12)  March  24. 

Steam  Mains  for  Electric  Supply  Stations.    R.  Summerfleld.     (ill  March  10. 

The  Measure  of  Horse-Power.     (12)  March  10. 

Novel  Rotary  Engine.    (181  March  18. 

Two  Power  Multiplying  Engines.     (13)  April  6. 

Steam  Turbines.    Rankin  Kennedy.    (26)  Feb.  17. 

Cooling  Tower  and  Condenser  Installation.    J.  H.  Vail.     (20)  Feb.  2. 

Simm's  Patent  Motor  for  Launches.    (281  March  17. 

Compound  Blowing  Engines  for  the  Acklam  Furnaces.    (11)  March  17. 

Fairbanks-Morse  Direct  Connected  Gasoline  Engine  and  Air  Compressor.  (25)  April, 
1899. 

Gas  Engines.     (14)  April  8. 

A  New  Oil  Motor.     (12)  March  24. 

A  Factory  Power  Plant.     ( 14 )  April  8. 

Mechanical  Plant  of  the  Boston  Southern  Terminal  Station.     (14)  March  18. 

New  Power  Plant  of  the  Consolidated  Traction  Co.,  Pittsburg.     (15)  March  24. 

The  Paderno-Milan  Power  Transmission.     (18)  Feb.  25. 

The  Design  of  Roughing  Rolls.    William  Hirst.     (20)  March  16. 

New  Continental  Rolling  Mill  Equipment.     (22)  Jan.  6. 

Thiesen's  Apparatus  for  Purifying  Blast-Furnace  Gas  and  for  Collecting  Coke-Oven  By- 
products.    (22)  Feb.  3. 

Hot-Blast  Valves.    James  Robinson.     (22)  Feb.  17. 

The  Doherty  Iron-Castings  Process.     (22)  March  3. 

Testing  Machines.    F.  A.  Riehle.     (18)  April  1. 

A  Decade  of  Progress  in  Reducing  Costs.    C.  Kirchhoff.     (20)  March  2. 

Electrically  Driven  Air  Pumps.     (1  ■ )  March  10. 

Electric  Pumps  and  Pumping.    A.  W.  K.  Pierce.     (22)  Feb.  17.     (41 )  April,  1899. 

The  Lecomte  System  of  Bunsen  Burner  Construction.     (24)  Jan.  16. 

Ice  Machinery  in  West  Africa.     (12)  March  3. 

English  and  American  Machine  Tools.    T.  Wood  Meakin.     (41)  April,  1899. 

Machine-Shop  Management  in  Europe  and  America.    H.  F.  L.  Orcutt.     (9)  April,  1899. 

Depreciation  as  an  Element  of  Machine-Shop  Cost-Keeping.  H.  M.  Norris.   (9)  April,  1899. 

The  Development  of  Wood-Working  Machinery.    John  Richards.     (9)  April,  1899. 

The  Early  Use  of  Rolls  in  the  Manufacture  of  Metals.    W.  F.  Durfee.    (10)  April,  1899. 

Report  of  Committee  on  Acetylene  Generators.     (29)  Feb.  24. 

Acetylene.     (11)  March  17. 

The  Real  Value  of  Acetylene  as  an  Uluminant.     (12)  March  31. 

The  Castner-Kellner  Alkali  Works  at  Weston  Point.     (26)  March  31. 

Motor  Vehicles  for  Heavy  Loads.     (12)  March  3. 

Mr.  Lanchester's  Motor  Carriage.     ( 12 )  March  17. 

New  Features  in  Moto-Vehicle  Design.     ( 12)  March  17. 

A  German  Electric  Omnibus.     (18)  March  25. 

Details  of  Serpollet  Steam  Motor.     (28)  Feb.  24. 

Proposed  Standard  Metrical  Sizes  for  French  Motor  Car  Driving  Chains.    (28)  March  10. 

Edinburgh  Cycle  and  Motor  Car  Exhibition.     (28)  Feb.  17. 

The  Motor  Vehicle  in  Commercial  Operation.    G.  Herbert  Condict.     (27)  March  4. 

The  Couget  Variable  Speed  Gear  for  Motor  Tricycles.     (28)  Feb.  24. 

Some  New  Features  in  Motor  Vehicle  Design.    Thomas  H.  Parker.     (28)  March  3. 

The  Application  of  Steam  to  Self-Contained  Road  Vehicles.     (2-8)  Feb.  17. 

A  New  Type  of  Motor  Vehicle.     (28)  Feb.  24. 

Liquid  Fuel.    Sir  Marcus  Samuel.     (29)  March  17. 

The  Application  of  X  Rays  to  the  Examination  of  Fuels.    (22)  Feb.  24. 

The  Yard-Grading  of  Pig  Iron.    William  B.  Phillips.     (28)  Feb.  3. 

Repechage  d'un  Titan  a  Mostaganem.    G.  Prouteau.     (36)  March  25. 

Grue  Electrique  de  50  Tonnes.     (36)  March  25. 

Sur  un  Pyrometre  Portatif .    H.  Schoentjes.     (31)  Oct.-Dec,  1898. 

Defense  de  la  Theorie  Pratique  de  la  Machine  a  Vapeur.  Dwelshauvers-Dery.  (37) 
Jan.,  1899. 

La  Compression  de  la  Vapeur  dans  Tespace  mort.  L.  Anspach.    (37)  Jan.,  1899. 
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Military. 

High  Explosives  in  Guns  and  Shells.     (20)  Feb.  23. 
Quick-Firing  Field  Gun  Carriage.     (12)  March  10. 
Vicker's  12-In.  Breech  Loading  Gun.     (12)  March  10. 

Mining. 

An  Account  of  the  Maypole  Colliery  Sinking,  Wigan.     (22)  Jan.  13. 

The  Rating  of  Coal  Mines.    Edward  Boyle.     (22)  Jan.  27. 

Modern  Pumping  Machinery  for  Mine  Service.    Otto  H.  Mueller.     (10)  April,  1899. 

Notes  on  Michigan  Mining  Practice.    W.  L.  Hildburgh.     (6)  Jan.,  1899. 

Long  Wall  Advancing,  Compared  with  Room  and  Pillar.    Edward  Jones.     (45)  April, 

1899. 
Rhodesia  and  Its  Mines  in  1898.    William  Fischer  Wilkinson.     (29)  Feb.  3. 
Cornish  Mines  and  Cornish  Miners.     (29)  March  10. 

A  New  Method  for  the  Determination  of  Zinc.    A.  C.  Langmuir.     (28)  March  10. 
The  Semet-Solvay  By-Product  Coke-Oven  Plant  at  Ensley,  Ala.     (13)  March  16. 
Traction  Electrique  par  cables  sans  fin  dans  les  Mines  Montceau-Fontaine  (Belgique). 

H.  Schmerber.    (33)  March  25. 

Municipal. 

The  Massachusetts  State  Highway  Report  for  1898.     (14)  March  25. 
Tests  of  Paving  Brick  at  the  Iowa  State  College.     (14)  April  1. 
The  New  Gas  Works  at  Edinburgh.     ( 12)  March  24. 

Railroads. 

Speed  of  Express  Trains  in  France.     (15)  April  7. 

Notes  on  Colorado  Railways.     (13)  April  6. 

The  Nilgiri  Mountain  Railway.     (12)  March  31. 

The  New  Terminal  of  the  Orleans  Railway  at  the  Quai  d'Orsay.    Jacques  Bover.     (9) 

April,  1899. 
The  Passy  Underground  Railroad.     (19)  March  25. 
The  Railway  Systems  of  Central  and  South  America.     (13)  March  23. 
The  Trans-Siberian  Railway  and  the  Coal  Resources  of  Siberia.     (22)  Jan.  27. 
Sand  Blast  for  Removing  Paint  from  Tender  Tanks.     i25)  March,  1899. 
A  New  High-Speed  Locomotive.     (19)  April  1 

Eight-Wheel  Class  H.  Passenger  Locomotive,  Wabash  Railroad.     (15)  March  24. 
Ten-Wheel  Passenger  Locomotive,   Buffalo,  Pittsburg  and  Rochester  Railway.      (15) 

March  31.     (39)  April,  1899.     (18)  March  25.     (13)  March  23. 
Consolidation  Compound  Locomotive,  Northern  Pacific  Railway.     (18)  April  1. 
Schenectady  Moguls  for  the  Southern  Pacific.     ( 15 )  March  31. 
Vauclain's  Compressed  Air  Locomotives  with  Heater.     (25)  Feb.,  1899. 
The  Heisler  Geared  Locomotive.    (40)  March  24. 

Consolidation  Locomotive  for  the  Lehigh  Valley  Railroad.     (40)  March  10. 
Express  Passenger  Engine,  Lancashire  and  Yorkshire  Railway.     (12)  March  17. 
Erecting  a  Locomotive.    Prof .  R.  A.  Smart.     (41)  April,  1899. 
Tests  on  Wide  and  Narrow  Fireboxes.    H.H.Vaughn.     (25)  April,  1899. 
Cast-Steel  Side  Rods,  Philadelphia  and  Reading  Railway.     (25)  April,  1899. 
Powerful  Passenger  Locomotives  on  Fast  Trains.     (25)  Feb.,  March,  1899. 
Underhung  Driving  Spring  Rigging.    L.  R.  Pomeroy.     (25)  Feb.,  1899. 
Steam  Motor  Car  on  the  P.  C.  C.  and  St.  L.     (15)  March  31. 
Water  Tubes  in  Locomotive  Fireboxes,  London  and  South  Western  Railway.     (25) 

March,  1899. 
Some  Cast-Steel  Locomotive  Details.    A.  T.  and  S.  F.  Ry.     (25)  March,  1899. 
Compound  Express  Locomotive,  Austrian  Stadtsbahn.     (12)  March  31. 
Steam  and  Electric  Mine  Locomotives.     ( 16)  April  8. 
An  "Atlantic  Type  "  Locomotive  in  Germany.     (15)  March  17. 

Locomotive  Coal  Tests,  C.  C.  C.  &  St.  L.  Ry.  and  Purdue  University.     (25)  Feb.,  1899. 
Anthracite  Coal  Burning,  N.  Y..  O.  &  W.  Ry.    (25)  March,  1899. 
80  000-lb.  Capacity  Gondola  Car  for  the  Lake  Terminal  Road.     (15)  March  31. 
60  000-lb.  Freight  Car  Trucks  of  the  Cleveland,  Cincinnati,  Chicago  and  St.  Louis.    ( 15) 

March  24. 
66-Foot  Car  for  Steel  Rails.     (25)  April,  1899. 
Light  and  Heavy  Cars.    O.  H.  Reynolds.     (25)  April,  1899. 

Scales  for  Weighing  Locomotives.  Baldwin  Locomotive  Works.     (25)  April,  1899. 
Permanent  Way  for  Steam  Railways.     (13)  March  23. 
The  First  J-Rails  Ever  Rolled.     (23)  Feb.  15. 

Rail  Trimming  on  the  Michigan  Central  and  Santa  Fe  Roads.     (18)  March  4. 
Side  Scraper  and  Leveler,  Yazoo  and  Mississippi  Valley  Railway.     (18)  March  25. 
Steel  Water  Tanks,  A.  T.  &  S.  F.  Ry.    (39)  April,  1899. 
New  Car  Shops,  M.  K.  &  T.  Ry.,  at  Sedalia,  Mo.     (39)  April,  1899. 
A  Yard  Installation  for  Testing  Air  Brakes.     (15)  March  24. 
The  Resistance  of  Loaded  and  Empty  Freight  Cars.     (15)  March  24. 
The  Baldwin  Train  Resistance  Formula.     (15)  March  17. 
Freight  Loading  System  at  Richmond,  Va.     (15)  March  24. 
Gross  Receipts  per  capita  and  per  mile  of  Track  in  Principal  American  Cities.     (17) 

April,  1899. 
Rapid  Transit  in  Dense  Centers  of  Population.    John  Lundie.     (17)  April,  1899. 
Power  Station  and  Repair  bhops  of  the  Cleveland  Electric  Railway  Company.    (17) 

April,  1899. 
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Railroads— i  Continued  >. 

Notes  on  Operation  of  a  Light  Mineral  Railroad.    James  Douglas.    (18)  April  1. 

The  Movable  Platform  of  Saint  Ouen.     <  19)  April  8. 

Emergency  Single  Track  Blocking.    (15  1  March  24. 

Block  Signaling  on  the  Atchison.  Topeka  and  Santa  Fe  Railway.     113)  March  30. 

The  Distant  Signal.    E.  D.  Wileman.     1 18  I  Feb.  25. 

Inspection  of  Automatic  Block  Signals.     1 15  1  March  17. 

Automatic  Block  Signals  on  the  Southern  Pacific  at  Los  Angeles.    (15)  March  17. 

The  Lewiston.  Brunswick  and  Bath  Street  Railway.     (  24 1  March  4. 

Chicago  and  Milwaukee  Three-Phase  Electric  Railway.     (27  >  April  8. 

Commercial  Aspects  of  Electric  Traction  in  Great  Britain.   Emile  Garcke.   (9)  ApriL'1899. 

Glasgow  Corporation  Tramways.    H.  F.  Parshall.     (.11 1  March  24. 

Madrid  Electric  Tramways.     126)  Feb.  24. 

Barcelona  Electric  Tramways.     1  26  1  Feb.  24. 

Appareil  perruettant  de  poser  Meeaniquement  les  Yoies  Ferrees.     P.  F.  Dubois.    (43) 

Fourth  trimestre.  1898. 
Appareil  Dynamometrique  de  M.  Teodorovitch.    Henri  Chevalier.     (32)  Jan..  1899. 
Les  Tramways  Electriques  du  Puy  i  Haute-Loire).     (34  >  March.  1899. 
Le  Chemin  de  Fer  Metropolitan!  de  Paris.    J.  Hervieu.     1  35 1  March.  1899. 
Le  Chemin  de  Fer  de  Courcelles  a  Passy.  et  au  Champ  de  Mars.     {36 )  March  10. 
Note  sur  un  Wagon  a  Platf  orme  surbaissee  Destine  au  Transport  des  grosses  pieces 

mecaniques.    J.  Koechlin.     (38*  March.  1899. 

Sanitation. 

Sewer  Catch-Basin  and  Cleaning  Apparatus  at  Wilmington.  Del.    T.  Chalkley  Hatton, 

ML  Am.  Soc.  C.  E.     1 13  1  March  30. 
The  North  Tarra  Sewer  Tunnel.  Melbourne.     (14)  April  8. 
New  Units  in  the  Design  of  Sewers      1 14 1  March  25. 
The  Pollution  of  the  Passaic  River.     (14)  March  18. 
The  Maintenance  of  Catch-Basins  and  Sewers  in  Providence,  R.  I.     (14  1  March  25.     (13) 

March  30. 
Studies  for  a  High  Level  Gravity  Sewer  for  Boston  and  Vicinity.     113)  March  16. 
The  New  Massachusetts  Metropolitan  Sewerage  Project.     1 14  I  March  18. 
Notes  on  the  Operation  of  the  Sewage  Filter  Beds  of  Plainfield.  K.J.     113)  March  16. 
Bacillite  Sewage  Disposal  at  Hanley.  England.    (14)  March  25. 
The  Exeter  Septic  Tank  System.     (14)  March  25. 
Chemical  Sewage  Treatment.  Brooklyn.  N.  Y.     (141  March  25. 
Sewage  Disposal.  KIngston-on-the-Thames.  England.    James  H.  Fuertes,  M.  Am.  Soc. 

C.  E.     .141  April  8. 
Ventilation  of  the  Schlesien  and  Deutschland  Collieries  by  Blowers.     (22  >  Feb.  24. 
Compression  Ventilators  in  German  Coal  Mines.       161  April  8. 
The  Horsf all  Destructor.     1121  March  17. 

Structural. 

Some  Notes  on  the  Preserving  and  Fireproofing  of  Timber  and  Timber  Substitutes. 

24    March  13. 
Some  Engineering  Features  of  a  Boston  School.     (14)  March  25. 
A  Small  New  York  Librarv.     1 14)  March  18. 

The  Acker.  Merrall  &  Condit  Stables.  New  York.     (14)  March  18. 
A  Cincinnati  Steel  Chimney.     «.  14  <  April  1. 
Plant  of  the  Ashland  SteelCompanv.     1  20 1  Feb.  9. 
The  Buffalo  General  Hospital.     114*1  April  8. 

The  New  Iron  Foundry  of  the  General  Electric  Company.     ( 15 1  April  7.     (20)  April  6. 
Le  Palais  des  Mines  et'de  la  Metallurgie  a  l'Exposition  et  le  metal  deploye.     1 36  >  March 

10. 
Des  Derniers  Pros-res  Accomplis  dans  les  Constructions  en  Ciment  Anne.    N.  de  Te- 
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Spon  A-  Chamberlain,  1897.     $6. 00. 

The  local  importance  of  the  Scottish  Shale  Oil  Industry  has  received  recognition  in 
practical  treatises  on  petroleum,  but  the  author  has  attempted  to  deal  with  the  subject 
more  fully  than  there  has  been  opportunity  for  in  works  of  a  comprehensive  character, 
lnere  is  an  index  of  ten  pages. 

PORTLAND  CEMENT:  ITS  MANUFACTURE  AND  USE. 
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THE  BAROMETRICAL  DETERMINATION  OF  HEIGHTS. 

A  Practical  Method  of  Barometrical  Leveling  and  Hypsometry,  for 
Surveyors  and  Mountain  Climbers.  By  F.  J.  B.  Corderio.  Boan, 
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THE  PURIFICATION  OF  PUBLIC  WATER  SUPPLIES. 

By  JohnW.  Hill,  M.  Am.  Soc.  C.  E.  Cloth,  9  x  6  ins.,  304  pp. 
New  York,  D.  Van  Nostrand  Company,  1898.  $3.00.  (Donated  by  the 
author.) 

This  work  is  intended  to  present  the  facts  and  causes  of  pollution  of  sources  of 
public  water  supply,  the  effect  of  this  pollution  on  the  typhoid  rates  of  the  larger  cities, 
and  to  show  that  the  typhoid  rates  have  been  reduced  by  the  introduction  of  water  from 
purer  natural  sources  and  by  filtration  of  polluted  waters. 

The  headings  of  chapters  are  :  Sources  of  Public  Water  Supply;  Bacterial  Contents 
of  Various  Waters;  The  Typhoid  Bacillus  and  Typhoid  Fever;  Classification  of  Cities  by 
Typhoid  Fever  Statistics:  Pure  and  Purified  Waters;  Citations  on  Typhoid  Fever 
Epidemics;  Sedimentation  of  Polluted  Waters:  Sterilization  of  Drinking  Water;  Filtra- 
tion of  Water  Supplies:  Types  of  Sand  Filters;  Mechanical  Filters;  Hamburg  Settling- 
Basins  and  Filters:  The  Filters  of  the  Berlin  Water-Works;  The  Fischer  Filter  and  Ander- 
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Fever  Statistics  from  Large  Cities  of  the  World;  The  Bacteria;  The  Legal  Liability  of 
Cities  and  Water  Companies  for  Damages  by  Sewage  Polluted  WTater.  Ten  pages  are 
devoted  to  an  index. 

THE  PURIFICATION   OF  SEWAGE. 

Being  a  Brief  Account  of  the  Scientific  Principles  of  Sewage  Puri- 
fication and  Their  Practical  Application.  By  Sidney  Barwise,  M.D. 
Cloth,  7x5  ins.,  150  pp.  New  York,  D.  Van  Nostrand  Company, 
1S99.     $2.00. 

The  question  is  dealt  with  chiefly  from  a  chemical  and  biological  standpoint.  It  has 
been  the  endeavor  of  the  author  to  present  the  latest  researches  upon  the  subject. 

The  headings  of  chapters  are  :  Sewage;  Its  Nature  and  Composition;  The  Chemistry 
of  Sewage;  Varieties  of  Sewage  and  the  Changes  It  Undergoes:  River  Pollution  and  Its 
Effects:  The  Land  Treatment  of  Sewage;  Precipitation,  Precipitants  and  Tanks;  Filtra- 
tion or  Nitrification;  Special  Forms  of  Sewage  Filters;  The  New  Departure,  "Bacter- 
iolysis."   Four  pages  are  devoted  to  an  index. 
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COMPARATIVE    TESTS    OF    BITUxMINOUS    STEAM 

COALS. 


By  John  W.  Hill,  M.  Am.  Soc.  C.  E. 
To  be  Presented  May  3d,  1899. 


During  the  past  few  years  several  papers  have  appeared  in  the 
Transactions  of  the  Americarj  Society  of  Mechanical  Engineers,  and  in 
engineering  periodicals,  touching  the  ultimate  chemical  analysis  of 
coals,  especially  bituminous  and  semi-bituminous  coals,  and  upon  the 
determination  of  the  heating  power  of  coals  from  the  proximate  and 
ultimate  analyses  and  by  calorimetric  methods;  and  an  attempt  has 
been  made  upon  more  than  one  occasion,  to  deduce  from  a  knowledge 
of  the  intrinsic  thermal  value  of  a  coal  the  relation  between  its  calorific 
power  and  the  practical  results  which  can  be  obtained  from  it  when 
burned  under  steam  boilers.  In  one  of  the  most  interesting  and  ex- 
haustive of  these  papers,  contributed  by  the  late  Charles  E.  Emery,  M. 
Am.  Soc.  C.  E.,  the  whole  field  of  experimental  information  on  the 
comparative  efficiencies  of  coals  is  briefly  and  clearly  reviewed.* 

The  papers  contributed  by  Professor  R.  C.  Carpenter,  of  Cornell 
University;  Mr.  George  H.  Barrus,  M.  E.,  of  Boston;  Professor  N.  W. 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published  in  a 
subsequent,  number  of  Proceedings,  and,  when  finally  closed,  the  papers  with  discussion 
in  full  will  be  published  in  Transactions. 

*  "  Comparative  Tests  of  Steam  Boilers  with  Different  Kinds  of  Coal."  Transaction*, 
American  Society  of  Mechanical  Engineers,  Vol.  xvii. 


Papers.]  HILL  ON   TESTS   OF   STEAM   COALS.  143 

Lord,  of  the  Ohio  State  University,  and  others,  when  taken  together, 
seam  to  indicate  a  more  profound  interest  in  the  composition,  energy 
and  practical  possibilities  of  steam  coals,  than  has  been  displayed  in 
all  the  years  that  have  transpired  since  Professor  Walter  R.  Johnson 
made  his  celebrated  investigations  for  the  United  States  Navy,*  and  sug- 
gest that  any  experimental  data  upon  this  subject  should  be  welcome 
to  those  whose  interests  touch,  however  indirectly,  this  important 
factor  of  modern  civilization. 

During  the  summer  of  1897,  the  author  was  commissioned  by  the 
Honorable  Board  of  Administration,  of  Cincinnati,  to  investigate  and 
report  on  the  various  bituminous  steam  coals  available  in  the  local 
market,  with  a  view  to  obtaining  a  set  of  factors  by  means  of  which  the 
prices  asked  by  dealers  for  different  kinds  and  grades  of  coal  could  be 
reduced  to  a  uniform  basis  for  the  comparison  of  bids.  The  practical 
application  of  these  factors  can  best  be  illustrated  by  the  fact  that 
heretofore  it  has  generally  been  assumed,  upon  receiving  bids  on  coal 
for  the  City  Water  Department  or  any  other  municipal  service,  that  there 
was  no  large  difference  in  the  quality  of  the  various  coals  offered,  and 
that  the  lowest  bid  represented  the  most  economical  purchase.  Each 
mine  owner  or  agent  very  naturally  has  insisted  that  his  coal  was  equal 
or  superior  to  that  of  his  competitors,  from  which  the  average  city 
official  would  argue  that  if  one  coal  is  quite  as  good  as  another,  the 
lowest  bid  represented  the  greatest  economy  to  the  corporation.  By 
means  of  the  factors  mentioned,  the  price  bid  is  rnultipled,  and  a  new 
set  of  prices  obtained  for  purposes  of  comparison  only;  and  that  price, 
which  after  such  reduction  is  the  lowest,  represents  the  most  econo- 
mical coal  for  steam  purposes. 

The  experimental  work  embraced : 

First. — A  practical  steam  test  of  each  kind  and  grade  of  coal  (of  which 
there  were  over  50),  under  uniform  conditions,  for  a  period  of  16  hours. 

Second. — A  proximate  chemical  analysis  of  each  kind  of  coal. 

Third. — A  calorimetric  determination  of  the  heating  power  of  each 
kind  of  coal. 

The  investigations,  with  some  interruptions,  occupied  the  interval 
from  July  27th,  1897,  to  April  28th,  1898,  the  evaporation  tests  being 
conducted  at  the  Hunt  Street  Pumping  Station  of  the  City  Water- 
Works,  and  the  laboratory  work  in  the  author's  office  in  the  Glenn 
*  Washington  Navy  Yard,  1842-43. 
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Building.  In  the  physical  tests,  from  18  000  to  25  000  lbs.  of  coal  were 
burned  during  a  continuous  trial  of  16  hrs.,  and  from  168  000  to  178  000 
lbs.  of  water  were  supplied  to  the  boilers. 

The  duration  of  the  physical  tests,  16  hrs.,  was  fixed  upon  in  order 
to  embrace  two  full  watches  or  tricks  of  the  engineers,  firemen  and 
coal  wheelers  employed  at  the  station.  All  the  different  kinds  of  coals 
were  fired  under  the  same  boilers  by  the  same  firemen,  one  fireman 
firing  during  the  8-hour  morning  watch,  and  the  other  during  the 
8-hour  eveniug  watch,  the  relative  position  of  the  men  being  changed 
at  the  end  of  each  series  of  eight  tests. 

The  coals  were  burned  in  a  pair  of  Galloway  fire-box  boilers,  Fig.  1, 
built  by  the  Edge  Moor  Iron  Company,  of  Wilmington,  Del.  These 
boilers  had  been  in  service  at  the  station  for  ten  years  prior  to  their 
use  for  the  coal  tests,  but  were  in  excellent  order,  and  during  the 
period  of  these  tests  were  used  for  no  other  purpose. 

The  physical  tests  contemplated  the  same  amount  of  work  per 
hour  for  each  kind  and  grade  of  coal,  the  amount  of  coal  burned  to 
perform  this  work  to  be  varied  according  to  its  quality.  With  some 
of  the  inferior  coals,  especially  with  "  Slack,"  this  could  not  always  be 
accomplished,  and  the  rate  of  steam  production  was  therefore  lowered 
slightly  to  admit  of  burning  such  coals  under  fair  conditions.  The 
steam  was  used  in  operating  the  immping  engines  in  the  station, 
which  were  under  the  author's  control,  in  order  that  the  consumption 
of  steam  should  keep  pace  with  the  rate  of  production  adoj)ted  for  the 
tests.  The  whole  work  of  the  station  during  the  interval  of  the  phys- 
ical tests  was  nicely  adapted  to  the  requirements  and  conditions  of  the 
coals  submitted  to  investigation. 

To  avoid  as  much  as  possible  the  furnishing  of  selected  samples  of 
coal  for  test  purposes,  the  city  purchased  the  coal  under  the 
formal  requisitions  of  the  Water  Department,  and  the  dealers  were  in 
no  instance  permitted  to  be  present  during,  or  have  knowledge  of  the 
results  of,  the  trials.  It  was  hoped  thus  to  arrive  at  the  fair  commer- 
cial value  of  the  respective  coals,  and  to  eliminate  from  the  economic 
results  the  influence  of  samples  selected  for  the  occasion. 

The  two  firemen  who  stood  all  watches  during  the  tests  were  de- 
tailed by  the  Superintendent  of  Water-Works  for  this  special  duty. 
All  assistance  specially  required  for  the  tests  was  furnished  from  the 
author's  office. 
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The  two  Galloway  boilers  were  each  of  the  following  dimensions: 
Shell,  7  ft,  diameter,  28  ft.  long. 

Fire-boxes  (2),  2  ft.  10  ins.  inside  diameter,  8  ft.  long. 
Grates  (2),  2  ft.  9  ins.  wide,  6  ft.  7  ins.  long. 
Combustion  flue,  2  ft.  11|  ins.  vertical  diameter,  and  3  ft.  4  ins. 

horizontal  diameter,  20  ft.  long. 
Galloway  circulating  tubes  (33),  6  ins.  diameter  small  end,  log- 
ins, diameter  large  end,  2  ft.  llf  ins.  long. 
The  boilers  were  set  so  as  to  expose  about  two-thirds  of  the  shell 
as  heating  surface.     The  heating  surface  of  one  boiler  is  divided  as 
follows: 

Heating  surface,  fire-boxes  (2) 83.982  sq.  ft. 

combustion  flue 296.935      " 

Heating  surface,  Galloway  tubes  (33) 212.338  sq.  ft. 

Bear  head 20.916       " 

Shell 381.170       " 

Total 995.341       " 

Two  boilers  1990.68 

Cross-section,  Two  fire  boxes 12.608       " 

Combustion  flue 11.444       " 

"  Smoke  tunnel 15.155       " 

"  Sheet-iron  chimney 12.566       " 

Grate  surface  (2) 36.206       " 

Ratio,  heating  to  grate  surface 27.50  to  1 

Eatio,  grate  surface  to  flue  vent 3.16  to  1 

Water  surface,  one  boiler  (mean  level)  6  ft.  1|  ins.  wide,  28  ft. 

long. 
Chimney  (iron),  48  ins.  diameter,  70  ft.  high. 

The  length  of  the  smoke  traverse  from  the  front  end  of  the  grates 
to  the  top  of  the  chimney  was  as  follows: 

Boiler  No.  1 162.37  ft, 

Boiler  No.  2 153.21  " 

Separation  of  boiler  centers   9  ft.  2  in. 

On  October  11th,  during  Test  No.  28,  and  on  November  18th,  dur- 
ing Test  No.  35,  tests  were  made  to  ascertain  the  time  required  by 
the  hot  gases  to  flow  from   the   front    end    of   the    fire-boxes  to  the 
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top  of  the  chimney.  This  was  accomplished  by  allowing  the  coal 
on  the  grates  to  burn  to  incandescence,  and  then  throwing  into  the 
fire-box  a  pint  of  liquid  asphaltuni  and  quickly  closing  the  fire- 
door.  From  these  tests,  the  mean  velocities  of  the  gases  through  the 
fire-boxes,  flues  and  chimney  were  as  follows: 

Boiler  No.  1 10.825  ft.  per  second. 

Boiler  No.  2 11.785 

The  Galloway  boilers  were  the  only  ones  in  the  water  department 
which  were  not  supplied  with  some  kind  of  a  fuel-saving  device  or 
some  other  appliance  which  might  interfere  with  a  uniform  treatment 
of  all  coals,  and  also  be  of  sufficient  capacity  to  admit  of  using  the 
coals  in  reasonably  large  quantities.  These  boilers,  without  urging, 
made  dry  steam  at  the  rate  of  10  625  lbs.  per  hour  from  feed  water  at 
a  temperature  of  190°  Fahr. .  and  with  a  steam  pressure  of  102  lbs.; 
equivalent  to  326.90  Commercial  H.  P.  by  the  Centennial  Standard  of 
boiler  power  rating. 

The  coal  was  weighed  from  the  sample  lot  in  iron  barrows  car- 
rying from  1  250  to  1  600  lbs.,  depending  upon  the  kind  of  coal,  and 
was  fired  directly  from  the  barrows  to  the  boilers.  The  time  each 
barrow  was  fired  from  was  noted,  and  the  unburned  coal  in  the 
barrow  at  the  end  of  the  test  was  weighed  back  and  deducted  from 
the  aggregate  charge. 

Provision  was  made,  upon  receiving  a  sample  shipment  of  coal  at 
the  pumping  station,  to  store  it  so  that  rain  or  snow  should  not  wet 
it,  and  each  sample  was  kept  separate  from  the  coal  used  for  the 
routine  work  of  the  station.  The  tare  of  the  iron  barrows  was  taken 
each  time  one  was  run  out  of  the  boiler  house  einpty  for  a  new  load 
of  coal,  and  the  net  weights  so  obtained  were  the  weights  of  coal 
actually  fired  from  each  barrow. 

Previous  to  the  beginning  of  each  test,  the  boilers,  with  clean 
grates,  were  fired  from  the  sample  coal,  the  steam  pressure  was 
brought  to  102  lbs.  by  gauge,  the  temperature  of  the  feed  water  was 
raised  to  190°  Fahr.  (with  few  exceptions),  and  the  pumping  engine 
was  started  at  normal  speed.  This  procedure  was  always  observed, 
and  occupied  usually  about  two  hours. 

When  the  charges  of  coal  on  the  grates,  just  before  starting  a 
measured  test,  were  no  longer  able  to  maintain  the  steam   pressure 
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under  normal  conditions  of  engine  speed,  temperature,  and  rate  of 
supply  of  feed  water,  the  signal  for  starting  was  given,  and  for  16  hrs. 
thereafter  all  notes  necessary  to  make  a  physical  test  of  the  coals  were 
taken  half-hourly. 

At  the  end  of  each  test  the  last  charges  of  coal  on  the  grates  were 
continued,  as  at  the  beginning,  until  the  steam  pressure,  with  the 
normal  speed  of  the  pumping  engine,  could  no  longer  be  maintained, 
when  the  test  was  stopped. 

The  grates  were  cleaned,  usually,  at  regular  intervals,  and  all  ash, 
clinker  and  unburnt  coal  was  weighed  back  dry.  The  firemen  were 
constantly  under  espionage  during  the  tests,  and  were  required  to  be 
alert  and  attentive,  without  exceeding  the  care  which  at  all  times 
should  prevail  in  firing  coal  under  steam  boilers. 

The  water  was  supplied  to  the  boilers  through  a  pair  of  3-in.  hot- 
water,  Worthington  meters,  made  for  the  purpose,  which  were  rated 
before  and  after  each  series  of  eight  tests,  and  occasionally  on  shorter 
test  intervals.  The  meters  were  rated  under  the  same  conditions  of 
temperature  of  water  and  rate  of  delivery  as  during  the  coal  tests,  the 
water  discharged  being  weighed  in  a  tight  tank  on  a  platform  scale, 
and  reduced  to  volume  corresponding  to  the  temperature  of  the  water 
passing  through  the  meter.  The  meter  tests  in  each  series  were  suffi- 
ciently numerous  to  avoid  error  in  determining  the  value  of  the  factor 
required  to  reduce  the  meter  reading  to  the  true  amount  of  water 
delivered  to  the  boilers  for  the  previous  series  of  coal  tests. 

In  anticipation  of  some  criticism  on  the  use  of  water  meters  for  the 
measurement  of  water  to  the  boilers,  the  following  explanation  of  the 
conditions  which  brought  about  their  use  in  preference  to  tanks  and 
scales  is  offered : 

The  pumping  station  where  these  coal  tests  were  conducted  is  in 
daily  service,  although  usually  for  a  shorter  length  of  time  each  day 
than  the  interval  of  preparation  for  and  test  of  each  sample  of  coal, 
and  upon  the  odd  days  when  no  tests  of  coal  were  in  progress,  the 
machinery  was  operated  in  the  usual  service,  and  at  the  completion  of 
each  coal  test,  the  house  was  left  in  such  condition  that  the  punrps 
could  be  operated  on  the  following  morning,  taking  steam,  however, 
from  one  or  two  of  three  other  sets  of  boilers  in  the  house,  the  Gallo- 
way boilers  being  reserved  exclusively  for  the  coal  tests. 

The  feed  pumps  and  pipes  and  feed-water  heater  were  common  to 
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all  boilers,  but  during  the  test  of  a  sample  of  coal  were  devoted  exclu- 
sively to  the  test  boilers,  and  at  all  other  times  to  such  other  boilers 
as  may  have  been  in  service.  This  arrangement  prevented  the  usual 
breaking  of  connections  in  the  general  system  of  feed-water  pipes 
to  the  ordinary  service  boilers,  and  compelled  a  measurement  of  the 
water  to  the  test  boilers  at  a  point  in  the  line  of  feed-water  pipes 
which  would  effectually  avoid  any  gain  or  loss  of  water  before  it  was 
delivered  to  the  test  boilers;  and  as  at  such  point  (on  top  of  the  boilers) 
the  water  had  passed  through  the  feed- water  heater  and  been  brought 
to  near  the  boiling  point,  meters  were  regarded  as  the  only  convenient 
means  for  this  purpose. 

The  feed  pipes  from  the  meters  to  the  check  valves  of  the  Galloway 
boilers  were  exposed  to  view,  and  no  loss  at  joints  could  have 
occurred  without  its  being  promptly  noticed;  and  no  connections  were 
made  with  these  pipes  through  which  either  gains  or  losses  from  other 
boilers  might  have  occurred.  Thus  all  water  which  passed  through 
the  meters  was  delivered  without  gain  or  loss  into  the  test  boilers. 

Recognizing  the  difficulty  of  a  satisfactory  measurement  by  meter 
of  the  water  delivered  to  the  boilers,  careful  tests  of  the  meters  were 
made  previous  to  the  coal  tests,  and  at  frequent  intervals  during  the 
first  few  tests,  until  it  was  discovered  that  the  wear  of  the  meters  fol- 
lowed a  nearly  uniformly  varying  curve;  and  in  determining  the 
amount  of  water  to  be  credited  to  any  test,  it  was  assumed  that  the 
wear  of  the  meters  was  uniformly  variable  between  any  two  successive 
tests  of  the  meters,  and  the  gross  error  was  properly  distributed 
between  the  several  preceding  tests. 

In  testing  the  meter  for  error  of  registry,  25  cu.  ft.  by  meter  was 
taken  for  each  draft  in  the  tank,  and  usually  five  or  six  drafts  were 
made  to  correct  for  slight  variation  in  rates  of  flow.  The  error  was 
obtained  by  compai-ison  of  the  actual  weight  of  water  drawn  with  the 
weight  at  the  observed  temperature  of  the  water  registered  by  the 
meter. 

Previous  to  each  test  and  at  frequent  intervals  the  screws  in  the  top 
of  the  meter  case  were  loosened  to  vent  any  air  or  vapor  which  might 
have  formed  in  the  meter,  but,  excepting  upon  starting,  there  was 
seldom  any  air  to  vent,  while  the  temperature  of  the  water  (190° 
Fahr. ),  and  the  pressure  under  which  the  meters  were  worked  (105 
lbs.)  precluded  the  formation  of  vapor  from  the  hot  water. 


150  HILL  ON  TESTS   OF   STEAM   COALS.  [Papers. 

The  coal  tests  were  for  comparative  rather  than  absolute  effects, 
and  so  long  as  the  method  of  water  measurement  was  alike  for  all  sam- 
ples, and  not  subject  to  vagaries  or  phenomena,  it  was  considered  suf- 
ficient for  the  purpose.  Meter  readings  were  taken  and  compared 
half-hourly  during  the  whole  test  of  each  sample  of  coal. 

The  water  levels  in  each  boiler  were  read  from  scales  attached  to 
the  glass  tubes  and  graduated  to  eighths  of  an  inch.  Any  discrepancy 
between  the  first  and  last  water  levels  was  corrected  by  adding  or  sub- 
tracting the  proper  volume  of  water  reduced  to  weight  due  to  the 
temperature  of  the  steam  and  water  in  the  boilers  at  the  end  of  test. 
By  careful  management  of  the  boiler  feeder  it  was  often  possible  to 
obtain  exactly  the  same  water  level  at  the  end  of  the  test  as  at  start- 
ing, and  during  the  tests  to  hold  the  water  levels  quite  close  to  the 
starting  point. 

The  readings,  as  taken  for  the  two  boilers,  indicated  the  depth  of 
water  above  the  brass  nuts  at  the  lower  ends  of  the  glass  gauges. 
These  nuts  were  1.875  ins.  below  the  crowns  of  the  fire-boxes,  and  this 
amount  substracted  from  the  readings  on  the  scales  gives  the  depth  of 
water  over  the  fire-boxes  during  the  respective  trials.  In  the  tables 
which  follow,  the  water  levels  are  stated  as  the  mean  depth  in  inches 
over  the  fire-boxes. 

The  steam  gauges  and  thermometers  were  of  good  make,  and  were 
compared  from  time  to  time  with  standard  test  instruments,  and  all 
readings  were  corrected  for  errors  of  registry.  The  quality  of  the 
steam  was  determined  by  a  pair  of  "Carpenter"  throttling  steam  cal- 
orimeters, obtained  from  the  Schaffer  and  Budenberg  Company,  New 
York.  One  of  each  of  these  was  set  in  the  steam  outlet  at  the  mid- 
length  of  each  boiler,  the  deductions  were  averaged  from  each  instru- 
ment, and  the  mean  result  used  in  computing  the  water  entrained  and 
the  net  steam  for  each  test. 

Calorimetric  observations  of  the  steam  were  taken  every  half  hour 
during  each  test,  although  it  was  early  discovered  that  the  condition 
of  the  steam  was  a  function  of  the  boiler  and  not  of  the  coal,  the  qual- 
ity being  quite  the  same  for  good  and  bad  coals,  and  such  variations 
as  occurred  from  time  to  time  during  any  test,  and  from  coal  to  coal 
during  the  several  months  of  test,  were  attributed  to  variations  in  the 
rate  of  steam  flow  to  the  pumping  engines,  and  to  the  opening  of  the 
fire-doors  at  the  time  of  taking  calorimeter  readings.     The  calorimeters 
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and  steam  connections  were  heavily  clothed  with  non-conducting 
materials  to  prevent  loss  of  heat  to  the  atmosphere,  or  gain  of  heat  from 
the  steam  pipe  to  the  condensing  bnlb  of  the  instrument. 

During  these  tests  over  3  600  observations  were  made  with  the 
steam  calorimeters,  and  these  were  reduced  and  carefully  studied  for 
influence  of  the  pumping  engines  on  the  quality  of  the  steam. 

Efficiency  of  the  Steam. 

With  reference  to  the  quality  of  steam,  this  should  depend  upon 
the  type  and  setting  of  boilers,  the  rate  of  evaporation  per  unit  of 
heating  surface,  and  the  manner  in  which  the  steam  is  taken  from 
the  boilers.  Super-heating  surface  will  be  requh'ed  to  produce  dry 
or  super-heated  steam,  and  a  lack  of  super-heating  surface  in  the 
design  or  setting  of  boilers  means  steam  of  thermal  value  lower  than 
saturation.  The  quality  of  steam  may  be  slightly  affected  by  the 
fuel  and  firing.  Thus  a  low-grade  fuel,  or  careless  firing,  with  fre- 
quent opening  of  the  fire-doors  and  the  rush  of  cold  air  into  the  fire- 
boxes or  furnaces,  may  lower  the  quality  of  the  steam  and  increase 
the  amount  of  water  entrained.  But  with  coals  not  varying  greatly 
in  value,  and  with  uniform  care  in  firing,  the  quality  of  the  steam 
should  be  a  function  of  the  boilers,  the  rate  at  which  they  are 
worked  and  the  manner  of  taking  the  steam  from  the  boilers. 

If  the  steam  is  delivered  at  a  steady  rate  into  the  atmosphere,  or 
to  an  engine,  where  there  is  no  sensible  variation  in  the  flow. for  any 
given  rate  of  evaporation,  the  quality  should  be  a  maximum.  When 
the  delivery  of  steam  is  irregular  and  subject  to  large  and  rapid 
variations  of  flow,  the  quality  should  be  a  minimum. 

At  the  time  these  tests  were  projected,  it  was  thought  that  the 
quality  of  the  steam  would  be  quite  uniform  for  all  tests,  varying 
inversely  with  the  rate  of  evaporation,  and  rising  and  falling  slightly 
with  the  quality  of  the  coals;  but  no  consideration  had  been  given  to 
the  influence  of  the  engines  on  the  quality  of  the  steam. 

The  pumping  station  contains  two  pumping  engines,  each  of  the 
same  nominal  capacity,  viz.,  6  000  000  galls,  per  24  hours,  delivered 
against  a  net  head  of  310  ft.  One  of  these  is  a  plain  compound  con- 
densing Wortbington  engine,  and  the  other  (the  Niles  engine),  a  pair 
of  non-condensing  western  river  steamboat  style  of  engines,  coupled, 
with  cranks  set  at  quarters,  and  steamboat  poppet  valves  operated  by 
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rocking  toes  arid  lifters.  The  operation  of  the  steam  valves  in  the" 
Worthington  engine  is  smooth,  and  without  sensible  shock  to  the  column 
of  steam  in  the  steam  pipe  moving  from  the  boilers  to  the  engine,  while 
the  steam  valves  of  the  other  engine  are  abruptly  opened  and  closed, 
producing,  while  the  valves  are  open,  a  high  velocity  in  the  steam  pipe, 
and  bringing  the  column  of  steam  quickly  to  a  state  of  rest  when  the 
poppet  valves  are  closed.  Both  the  opening  and  closing  movements 
of  the  steam  valves  of  the  Niles  engine  are  rapidly  effected  by  quick- 
acting  cams,  wholly  unlike  the  smooth  easy  motion  of  the  slide  valves 
in  the  duplex  Worthington  engine. 

When  the  steam  was  taken  from  the  boilers  by  the  Worthington 
engine,  the  quality  was  high;  and  when  taken  by  the  Niles  engine,  the 
efficiency  of  the  steam  dropped  from  1  to  lh  per  cent.  The  fact  had 
been  observed  for  some  time  before  the  cause  was  suspected;  but  the 
uniformly  higher  quality  of  steam  when  the  Worthington  engine  was 
in  service  demonstrated  that  the  engine  itself  had  an  influence  on  the 
quality  of  the  steam,  and  a  probable  influence  on  the  economical 
effect  of  the  coal. 

Of  the  fifty-four  tests,  twenty-four  were  made  with  the  Niles 
engine,  three  partly  with  the  Worthington  engine  and  partly  with  the 
Niles  engine,  and  one  trial  was  made  partly  with  the  Worthington 
engine,  and  partly  by  blowing  the  steam  through  the  feed-water 
heater  into  the  atmosphere.  The  other  twenty-six  tests  were  made 
with  the  Worthington  engine. 

With  the  exception  of  Test  No.  50  (which  was  purposely  made  partly 
with  each  engine),  changes  from  one  engine  to  the  other,  or  in  the  mode 
of  disposing  of  the  steam,  were  caused  by  accidents,  which  compelled 
the  stopping  of  the  damaged  engine  and  the  starting  of  the  other;  or,  as 
in  one  instance,  the  wasting  of  the  steam  into  the  air  for  a  few  hours. 

Test  No.  1  was  made  for  11  hrs.  56  mins.  with  the  steam  going  to  the 
Worthington  engine,  and  for  4  hrs.  14  mins.  with  the  steam  going 
through  the  feed-water  heater  to  the  atmosphere. 

Test  No.  2  was  made  for  5  hrs.  8  mins.  with  the  steam  going  to  the 
Worthington  engine,  and  for  11  hrs.  3  mins.  with  the  steam  going  to 
the  Niles  engine. 

Tests  Nos.  3  to  19,  inclusive,  were  made  with  the  Niles  engine. 

Test  No.  20  was  made  for  7  hrs.  13  mins.  with  the  Niles  engine,  and 
for  8  hrs.  47  mins.  with  the  Worthington  engine. 


Papers.] 


HILL   OX   TESTS    OF   STEAM    COALS. 


153 


Tests  Nos.  21  to  41,  inclusive,  were  made  with  the  Worthiugton 
engine. 

Tests  Nos.  42  to  49,  inclusive,  were  made  with  the  Niles  engine. 

Test  No.  50  was  made  for  10  hrs.  with  the  Worthington  engine,  and 
for  5  hrs.  41  mins.  with  tbe  Niles  engine. 

Tests  Nos.  51  to  55,  inclusive,  were  made  with  the  Worthington 
engine. 

Tests  Nos.  2,  20  and  50,  having  been  made  partly  with  the  Niles 
engine  and  partly  with  the  Worthington  engine,  an  opportunity  was 
offered  to  inquire  into  the  influence  (if  any)  of  the  engines  on  the  effi- 
ciency of  the  coal. 

TABLE    No.    1. — Comparison   of   Effects  with    Worthington    and 
Niles  Engines,  Respectively,  in  Service. 


Number  of  test. 

Engine  in  service. 

Pounds  of  coal  per  cubic  foot 
of  water  supplied  to  boilers. 

2 

Worthington. 

Niles. 
Worthington. 

Niles. 
Worthington. 

Niles. 

6.549 

2 

7.056 

20 

7  132 

20 

7  132 

50 

6  682 

50 

6  696 

During  the  early  part  of  Tests  Nos.  2  and  50,  the  Worthington  en- 
gine was  in  service,  and  during  the  latter  part  the  Niles  engine.  During 
the  early  part  of  Test  No.  20  the  Niles  engine  was  in  service,  and 
during  the  latter  part  the  Worthington  engine.  Considering  these  tests, 
there  is  a  distinct,  though  rough,  indication  that  the  engine  through 
which  the  steam  was  worked  had  an  influence  on  the  economy  of  the 
several  fuels.  Comparisons  of  steam,  water  and  coal  supplied  to  the 
boilers  during  intervals  of  the  tests  when  both  engines  were  (at  times) 
in  service,  show,  in  all  instances  but  one,  that  the  coal  per  unit  of  water 
was  greatest  when  the  Niles  engine  was  running,  while  in  the  single 
exception  the  coal  per  unit  of  water  was  almost  precisely  the  same  for 
each  engine. 

The  notes  from  the  calorimeters  uniformly  show  a  lower  efficiency 
when  the  steam  was  going  to  the  Niles  engine,  and  for  a  while  it  was 
thought  that  the  loss  in  steam  efficiency  was  probably  compensated  by 
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a  corresponding  increase  in  the  delivery  of  water  to  the  boilers:  but  a 
careful  review  and  comparison  of  the  coal  and  water  supplied  to  the 
boilers  when  both  engines — at  different  times — -were  in  service,  show- 
that  not  onlv  was  the  quality  of  the  steam  lower,  but  the  coal  required 

TABLE  No.  2. — Efficiencies  of  the  Steam. 


N 
of 

test. 


6.. 
7.. 

- 

9.. 
10.. 
11.. 
12.. 
13.. 
14.. 
15.. 

17.. 

- 
19.. 
20.. 
21.. 
22.. 
23.. 
24.. 
25.. 
26.. 
27.. 
28.. 
29.. 
30.. 
31.. 
32.. 
33.. 
34. 
35. 
36.. 

" 
38. 

- 

41. 
42. 
43. 
44. 
45 

47. 

-- 

49. 

■ 

51. 

52. 

53. 

54. 

55. 


3 

Worthing 


6 

Worthing- 


Coal  under  test. 


"L^rN'iles   en-  Worthing- 


and  to  at- 

m  jsphere. 


0.9898 


gine.      ton  engine. 


Niles  en- 
gines. 


New  River.  Mine  Run 

Kanawha.  Steam  Lump 

Kanawha.  < ias  Lump 

Pittsburg.  Catsburg.  Lump 

Barge  Run 0.9836 

Mine  Run 

Nut  and  Slack 

Woods.  Lump 

Bar«  Run 

Mine  Run 

NutandSlack 0.981* 

Brown.    Lump 

Mine  Run 0.   -" 

BarsreRun ■■    - 

Not  and  Slack.... '. 

Cinti.  Mine  Run 

Nut  and  Sack 

Campbells  Creek.  Nut  and  Slack 

Loup  Creek.  Mine  Run 

Nut  and -lack 

Pocahontas.  M  ine  Run 

Winif rede.  Lump 

Mine  Run 

Nut  and  Slack 

Pocahontas.  Lump 

Loup  Creek.  Lump 

Thacker.  Mine  Run 

Campbell's  Creek.  Mine  Run. 

Thacker.  Nut  and  Slack     

New  River.  Mine  Run 

Acme.  Mine  Run 

Nui  and  Slack 

Keystone,  M:ne  Run 

New  R;ver.  Lump. 

Monongah .  Mine  Run 

Thacker.  Lump 

Belmont  Splint.  Mine  Run 

Nut  and  Slack 

Jellico.  Ky..  Nut  and  Slack 

Luhrig.  Washed  Eerg 

Logran  Cons..  Thacker,  Mine  Run. . 

Luhrig:.  Washed  Slack 

.  Shaft.  Mine  Run 

Nut  and  Slack... 

Maritime.  Thacker.  Mine  Run 0.9767 

Jellico.  Kv..  Mine  Run 0.9793  | 

Jellico.  Tenn..  Nut  and  Slack 0.9784  | 

New  River.  Lump 0.9771  J 

Thacker.  Mine  Run 

Eagle.  Mine  Run | 

Cedar  Grove.  Mine  Run.  | 

Mt.  Carbon.  Mine  Run . .  V 

Chesapeake.  Mine  Run.  | 
Coalburg.  Mine  Run J 


-" 
-   ■ 


".99U1  | 

- 
0.9906 

0.9900 

0.9956 

- 

0.S913 

0.9939 
0.9933 
0.9935 
'!.9937 
0.9949 
0.9945 
0.9913 
0.9949] 


0.9930 


37 


•  Mean  of 

Tests  Nos. 

3  to  19, 

0.9821.) 


i).9851 


i  Mean  of 
Teste  N   - 

21  to  41. 

0.993a  I 


i  Mean  of 

7--'  -  N  e 

vi  t. .  40, 

U.9797.) 
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per  unit  of  water  supplied  to  the  boilers  was  higher  with  the  Niles 
engine. 

Table  No.  2  shows  the  efficiencies  of  steam  for  Test-  Nos.  1  I 
inclusive.  In  Column  3  is  given  the  mean  efficiency  of  the  steam  when 
it  was  consumed  for  the  major  portion  of  the  test  by  the  Worthington 
engine,  and  blown  through  the  feed-water  heater  into  the  air  for  the 
latter  portion  of  the  test.  Column  4  shows  the  efficiencies  of  the  steam 
when  the  Niles  engine  alone  was  working.  Column  5  contains  the  sane 
data  when  the  Worthington  engine  alone  was  working:  and  Column  6 
the  efficiencies  when  the  steam  was  taken  for  a  portion  of  the  test  by 
the  Niles  engine,  and  for  a  portion  of  the  test  by  the  "Worthington 
engine. 

For  Tests  Xos.  51  to  55.  inclusive  Worthington  engine  .  the  calori- 
meters were  read  regularly  as  in  all  previous  tests,  but.  the  notes 
simply  confirming  the  results  obtained  from  Tests  Xos.  21  to  41. 
inclusive,  the  mean  efficiency  (0.993)  for  these  former  tests  was  used  in 
determining  the  weight  of  water  actually  converted  into  steam  for  the 
last  five  coals. 

It  was  unfortunate  that  all  coals  could  not  have  been  tested  with 
the  same  engine  taking  the  steam,  but  accidents,  first  to  one  engine  and 
then  to  the  other,  made  this  an  impossibility,  and  recourse  must  be 
had  to  such  corrections  for  the  engines  as  the  data  will  warrant. 

It  will  be  understood  that,  throughout  the  tests  mentioned,  when 
first  one  engine  and  then  the  other  was  used  to  work  off  the  steam  made 
by  the  test  boilers,  the  same  coal  was  burned,  and  when  comparisons 
are  made  of  the  influence  of  the  engines  on  the  coal  required  per  unit 
of  water,  coal  always  of  the  same  commercial  quality  is  under  con- 
sideration. 

Considering  the  New  River  coals,  which  were  tested  first  Test  No. 
1  .  by  working  the  steam  for  nearly  12  hours  through  the  Worthington 
engine,  and  then  for  over  i  hours  through  the  feed-water  heater  to  the 
atmosphere:  next  i  Tests  Xos.  31  and  35  .  when  the  Worthington  engine 
used  the  steam  for  the  whole  of  each  test:  and  finally  (Test  No.  49), 
when  the  Xiles  engine  used  the  steam  for  the  entire  trial,  it  appears 
that  the  efficiency  of  the  steam  varied  perceptibly  under  these  different 
conditions  of  use,  and  that  while  the  boilers,  firemen  and  fuel  were  not 
changed,  the  change  in  the  manner  of  using  or  wasting  the  steam  had 
an  influence  on  its  quality. 
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TABLE  No.  3. — Efficiency  of  Steam  with  New  RrvER  Coals. 


Test 
No. 


31.. 
35.. 


Kind  of  coal. 


New  River,  Mine  Run. 

New  River,  Mine  Run. 
New  River,  Lump 


Steam  press- 
ure. In 
pounds. 


100.5 


101.4 

101.3 


Disposition  of  steam 


49 New  River.  Lump. 


To  Worthington  en 
gine.  11  hrs.  56  mins. 
to  feed -water  heater 
4  hrs.  14  mins 

To  Worthington  en 
gine 

To  W  orthington  en 
gine 

To  Niles  engine 


Efficiency,  saturated 
steam  being  taken 
as  unity. 


0.9898 
0.9986 


0.9933 
0.9771 


By  this  comparison  it  appears  that  the  efficiency  of  the  steam  was 
1. 63%"  higher  when  the  "Worthington  engine  was  used  than  when  the 
Niles  engine  was  used,  and  to  avoid  prejudice  to  any  coal  investigated 
daring  these  tests,  the  author  concluded  that  a  careful  study  of  all  the 
conditions  and  data  warranted  the  assumption  that  the  extreme  varia- 
tions in  the  efficiency  of  the  steam  were  not  due  either  to  the  kind  or 
grade  of  coal  burned,  but  to  the  manner  of  using  the  steam  from  the 
boilers,  and  that  for  purposes  of  comparison  the  coals  should  be  rated 
upon  a  uniform  efficiency  of  the  steam. 

Condition  of  the  Boilers. 

The  tests  were  made  with  the  boilers  in  ordinary  condition,  and  at 
the  end  of  each  series  of  three  or  four  tests,  the  boilers  were  opened  and 
all  loose  material  washed  out.  The  feed  water  was  passed  through  an 
Excelsior  filter  and  feed-water  heater,  which  intercepted  the  mud  and 
heavier  suspended  matter  before  it  reached  the  boilers.  At  each 
periodical  washing  a  small  amount  of  loose  scale  and  fine  silt  was  re- 
moved from  the  circulating  tubes  and  the  bottom  of  the  boilers.  After 
Test  No.  49  the  boilers  were  opened  and  the  small  amount  of  scale 
found  was  carefully  chipped  and  scraped  off  to  the  surface  of  the 
metal.  Test  No.  50  was  then  made,  using  a  coal  the  value  of  which  had 
been  previously  established  during  Test  No.  28  with  the  boilers  in 
ordinary  condition. 

Assuming  that  Test  No.  28  represented  the  boilers  in  the  condition 
for  all  coals  tested,  while  Test  No.  50  represented  the  boilers  in  the  best 
possible  condition,  Table  No.  4  shows  the  comparison  of  effects  for 
these  two  tests. 
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TABLE  No.  -4. — Comparison  of  Steam  per  Pound  op  Coal  and  per 

Pound  or  Combustible  for  Tests  Nos.  28  and  50  (in  both 

using  Thacker,  Mine-Bun  Coal). 


Number  of  Test. 

28 

50 

Duration  of  test. 

16  hrs 

00  mins. 

15  brs.  41  mins. 

Steam  per  pound  of  coal  from  and  at  2121  Fahr. 
Pounds 

9.392 

10.132 
92.707 

9.735 

Steam  per  pound  of  combustible  from  and  at  212* 

10.357 

93.993 

Increased  percentage  of  combustible  second  trial 

1.387 

Apparent  gain  in  economy  by  coal. 

Percentage.. 
Percentage 

3.650 

Net  gain  in  economy  by  coal'.    Pel- 

2.263 

Grain  in  economy  by  combustible. 

2.220 

From  this  comparison  it  appears  that  the  difference  between  the 
performance  of  a  given  coal  with  the  boilers  very  carefully  cleaned, 
and  with  the  boilers  in  ordinary  working  condition,  was  about  2\%, 
an  amount  by  which  the  economic  and  capacity  results  obtained  with 
each  coal  may  be  increased  to  show  the  possibilities  of  these  several 
coals  with  perfectly  clean  heating  surfaces  and  ordinary  firing. 

Sources  of  Coal  Samples. 
Fifty-four  samples  of  coal  were  tested,  as  follows: 

Fourteen  samples  of  Pennsylvania  (Pittsburg)  coals. 
Thirty-three  samples  of  West  Virginia  coals. 
Four  samples  of  Ohio  (Hocking  Valley)  coals. 
Two  samples  of  Kentucky  coals. 
One  sample  of  Tennessee  coal. 

The  Pennsylvania  coals  were  as  follows: 

Four  samples  from  the  Brown  Mines,  Nos.  10  and  11,  Second 
Pool,  Monongahela  Biver. 

Four  samples  from  the  Catsburg  Mine,  No.  47,  Third  Pool, 
Monongahela  Biver. 

Two  samples  from  the  Cincinnati  Mines,  Third  Pool,  Mononga- 
hela Biver. 

Four  samples  from  the  Woods  Mine,  No.  75,  Fourth  Pool, 
Monongahela  Biver. 


158  HILL  OK  TESTS   OF   STEAM   COALS.  [Papers. 

The  West  Virginia  coals  were  as  follows: 

Four  samples  from  New  River,  Mines  Nos.  71  to  80,  inclusive, 

Fayette  Co. 
Three  samples  from  Loup  Creek,  Mines  Nos.  81  to  87,  inclusive, 

Fayette  Co. 
Two  samples  from  Pocahontas,  Mines  Nos.  96  to  140,  inclusive, 

McDowell  and  Mercer  counties. 
One  sample,  Kanawha  steam  coal  from  Mine  No.  17,  Kanawha  Co. 
One  sample,  Kanawha  gas  coal  from  Mine  No.  102,  Kanawha  Co. 
Two  samples,  Acme  coal  from  Mine  No.  21,  Kanawha  Co.* 
One  sample,  Keystone  coal  from  Mine  No.  23,  Kanawha  Co.* 
Three  samples,  Winifrede  coal  from  Mines  Nos.  14,  17,  18  and 

19,  Kanawha  Co. 
Four  samples,  Thacker  coal,  Mingo  Co. 
One  sample,  Logan  Consolidated  Thacker  coal,  Mingo  Co. 
One  sample,  Maritime  Thacker  coal,  Mingo  Co. 
Two  samples,  Campbell's  Creek  coal  from  Mines  Nos.  10  to  12, 

inclusive,  Kanawha  Co. 
One  sample,  Monongah  coal  from  Mines  Nos.  2  to  5,  inclusive, 

Marion  Co. 
One  sample,  Eagle  coal  from  Mine  No.  5,  Kanawha  Co. 
One  sample,  Cedar  Grove  coal  from  Mine  No.  27,  Kanawha  Co. 
One   sample,    Mt.    Carbon   coal    from  Mines  Nos.    48  and  49, 

Fayette  Co. 
One  sample,  Chesapeake  coal  from  Mine  No.  36,  Kanawha  Co. 
One  sample,  Coalburg  coal  from  Mine  No.  21,  Kanawha  Co. 
Two  samples,  Belmont  Splint  coal  from  Mine  No.  32,  Kanawha  Co. 

The  Ohio  coals  were  as  follows: 

Two  samples,  Luhrig  coal  from  Mine  No.  1  (Daleton),  Athens  Co. 
Two  samples,  Wellston  Shaft  coal  from  Mine  No.  3,  Jackson  Co. 
The  Kentucky  coals  were  as  follows: 

Two  samples  from  the  Jellico  Mines  in  Whitely  Co. 
The  single  sample  of  Tennessee  coal  was  from  the  Jellico  Mines,  in 
Campbell  Co. 

The  sketch  map  (Fig.  2)  indicates  the  geographical  location  of  the 
various  coal  fields  from  which  the  test  samples  of  coal  were  obtained. 
*  These  coals  represent  two  separate  and  distinct  veins. 
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In  each  instance  the  samples  of  coal  were  ordered  from  the  agents 
or  mine  owers  in  quantity  sufficient  for  the  preliminary  firing  of  the 
boilers  and  for  the  16-hour  test  which  followed,  and  each  agent  or  mine 
owner  was  required  to  furnish  with  the  sample  of  coal  a  sworn  state- 
ment of  the  source  and  market  grade  of  coal  supplied.  While  this 
may  not  in  all  cases  have  prevented  the  substitution  of  coal  from  one 
mine  for  that  of  another,  it  put  the  coal  men  on  their  honor  to  supply 
the  kind  and  grade  of  coal  ordered  by  the  city  for  test  purposes. 

The  importance  of  these  tests  to  Cincinnati  will  appear  when  it  is 
known  that  the  City  Government  alone  is  a  purchaser  of  over  $80  000 
worth  of  coal  annually,  and  the  value  of  the  entire  consumption  of  coal 
for  all  purposes  in  the  city  at  the  present  time  cannot  be  less  than 
$2  500  000  per  annum. 

The  most  extensive  series  of  physical  tests  of  coal  under  uniform 
conditions,  previous  to  these,  of  which  the  author  is  aware,  were 
made  for  the  United  States  Navy  by  Professor  W.  R.  Johnson,  in  1842 
and  1843.  These  comprised  physical  and  chemical  examinations,  and 
calorific  determinations  by  the  Berthier  method,  of  forty-four  different 
samples  of  coal.  In  view  of  the  very  large  quantities  of  coal  burned 
and  water  evaporated  during  each  of  the  author's  trials,  it  is  amusing 
to  read  from  Professor  Johnson's  report,  his  description  of  the  magni- 
tude of  these  earlier  (physical)  trials  for  the  Navy: 

"The  total  weight  of  coal  consumed  in  the  trials  of  evaporative 
power  has  been  nearly  62.5  tons,  and  the  weight  used  on  an  average 
978  lbs.  per  trial.  This  statement  may  be  sufficient  to  indicate  that 
the  experiments  have  been  made  on  a  scale  unobjectionable  on  the 
score  of  magnitude." 

Presuming  that  few  members  of  the  Society  have  any  knowledge 
of  these  earlier  coal  tests  by  Professor  Johnson,  it  will  be  interesting 
to  such  to  note  that  the  experiments  were  conducted  with  a  single 
return-flue  boiler,  3  ft.  6  ins.  in  diameter  and  30  ft.  long,  with  two 
return  flues  the  full  length  of  the  boiler,  each  10  ins.  in  diameter.  The 
air  to  support  combustion  was  heated  before  it  passed  under  the  grate, 
in  flues  built  in  the  side  walls  of  the  boiler  setting,  and  the  gases  of 
combustion  passed  from  the  grate  backward  under  the  shell  of  the 
boiler,  thence  through  the  flues  to  the  front  end  of  the  boiler,  thence 
to  the  rear  end  of  the  boiler  through  a  flue  in  the  brickwork  on  the 
left  side  above  the  fire  line,  and  thence  forward  through  a  similar  flue 
in  the  right  side  of  the  setting,  to  the  base  of  the  brick  chimney,  set 
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at  the  front  end  and  to  the  right  of  the  boiler.  The  chimney  was  of 
brick  41  ft.  high  from  ground  level,  with  a  flue  18  ins.  square,  and  a 
sheet  iron  extension  22  ft.  high  and  23  ins.  in  diameter.  This  boiler 
was  worked  at  an  average  of  about  6.25  lbs.  per  square  inch  above 
atmospheric  pressure — the  pressure  never  being  less  than5.81bs. — and 
upon  two  occasions  only,  during  this  long  series  of  trials,  the  pressure 
was  raised  to  15.65  and  19.16  lbs.,  respectively.  All  steam  was  blown 
through  two  direct,  weighted,  safety  valves  into  the  atmosphere  or 
into  the  chimney. 

Considering  the  low  steam  pressures  used,  and  the  moderate  rate 
of  evaporation  per  unit  of  heating  surface,  the  capacity  of  this  old- 
style  boiler  during  the  coal  tests  was  about  30  Commercial  H.  P. 

Physical  Tests  op  Coals. 

In  the  following  tables  giving  the  resume  of  each  test,  the  coals 
have  been  grouped  by  States,  and  the  several  grades  of  each  kind  of 
coal  tested  are  brought  together  for  comparison  of  economic  results. 
The  favorite  grades  of  steam  coals  are  Mine  Run  and  Nut  and  Slack, 
■with  an  extensive  use  of  Slack  coal  for  mechanical  stokers.  The 
prices  of  the  coals  grade  downward  from  Screened  Lump  to  Slack, 
and  it  is  constantly  a  problem  with  buyers  of  large  quantities  of  coal 
to  determine  which  grade  at  given  prices  will  represent  the  best 
economy.  Each  grade  of  coal  has  its  advocates  among  buyers.  In 
spite  of  the  millions  of  tons  of  graded  coals  which  have  been  burned 
on  western  river  steamboats,  it  is  still  a  matter  of  controversy  among 
river  men  whether  Mine  Run  or  Screened  Lump  coal,  at  the  prices 
usually  charged,  is  the  cheaper  coal  for  steam  purposes. 

It  is  customary  when  burning  low-grade  bituminous  coals  to  wet 
the  coal  slightly  before  it  is  charged  into  the  furnace.  With  many  of 
such  coals,  this  preliminary  wetting  causes  the  smaller  particles  to 
adhere  together  until  sufficiently  heated  to  make  a  coke,  and  prevents 
the  usual  sifting  of  these  particles  through  the  grates  into  the  ash- 
pits with  corresponding  loss  of  useful  effect;  and  if  the  coal  be  not 
too  dirty,  it  is  often  possible  by  this  method  to  obtain  quite  as 
economical  results  with  Slack  as  with  Nut  and  Slack  coal.  Owing  to 
the  difficulty  of  determining  just  how  much  water  each  particular 
kind  of  coal  might  take  without  positive  injury  to  its  efficiency,  dur- 
ing these  tests,  the  low-grade  coals  were  always  fired  without  pre- 
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liininary  wetting,  and  from  the  dealers'  point  of  view,  the  coal  should 
be  valued  without  regard  to  subsequent  treatment  by  the  buyer.  The 
coals,  therefore,  in  all  cases  were  burned  in  the  same  condition  as 
supplied  to  the  station  by  the  dealers  or  mine  owners. 

Previous  to  each  trial,  100  lbs.  of  coal  was  taken  from  the  sample, 
and  put  into  a  wooden  box  perforated  on  the  top,  bottom  and  sides, 
to  allow  free  circulation  of  air  around  and  through  the  coal,  and 
placed  on  one  of  the  steam  manheads  of  the  boilers  to  dry  the  coal 
and  obtain  a  factor  for  estimation  of  the  superficial  moisture  it  con- 
tained. At  the  end  of  the  test  this  box  and  sample  was  returned  to  the 
scale,  and  any  loss  of  weight  was  taken  as  the  excess  of  moisture  in 
the  coal.  The  losses  estimated  in  this  manner  ranged  from  0  to  2%, 
and  have  been  allowed  for  in  the  item  "Commercially  dry  coal 
burned." 

The  results  given  in  the  tables  are  in  no  case  supposed  to  indicate 
the  best  possibilities  with  these  coals.  The  firemen  were  perhaps  the 
best  regularly  employed  by  the  City  Water  Department,  and  carefully 
and  faithfully  performed  their  duties  during  these  tests,  but  no 
attempt  at  expert  firing  was  permitted,  the  men  being  directed  only 
to  give  uniformly  good  service  throughout  each  and  every  test.  No 
extra  help  was  furnished  for  handling  the  coal,  and  as  a  whole,  the 
results  are  no  better  than  good  firemen  should  obtain  in  steady  ser- 
vice from  day  to  day,  with  the  same  coals.  The  author  regards  the 
resiilts  obtained  by  this  method  of  handling  the  coal  as  more  satis- 
factory to  the  buyers  and  users  of  coal  than  those  which  might  have 
been  obtained  by  expert  firemen  with  assistants  to  open  and  close  the 
fire  doors,  and  an  amount  of  labor  which  men  could  not  maintain  day 
after  day. 

Referring  to  Tables  Nos.  5  to  11,  inclusive,  when  the  "  duration  of 
test "  (1)  as  in  six  instances,  was  a  few  minutes  more  or  less  than  16 
hours,  this  was  occasioned  by  the  steam  pressure  or  water  levels  in  the 
boilers  being  too  high  or  too  low,  or  by  the  condition  of  the  charges  of 
coal  on  the  grates,  which  compelled  an  earlier  or  later  stopping  of  the 
respective  tests.  In  each  test  an  attempt  was  made  to  restore  the  start- 
ing conditions  of  steam  pressures,  water  levels,  fires  on  grates  and 
speed  of  pumping  engine  at  the  expiration  of  16  hours  of  test,  and  with 
the  exceptions  noted,  this  was  always  accomplished.  The  steam  gauges 
(2),  and  thermometers  (6),  (7),  (9),  were  compared  for  each  test  with 
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standard  instruments.  The  temperature  of  the  waste  gases  in  the 
chimney  (4)  was  taken  with  a  Brown  hot-blast  pyrometer,  which  was 
adjusted  before  each  test  by  a  standard  mercury  thermometer. 

"  Commercially  dry  coal "  (10}  means  the  actual  weight  of  coal 
fired  to  the  boilers,  reduced  by  the  amount  of  moisture  lost  by  a  sample 
of  100  lbs.  carried  for  16  hours  in  a  perforated  box  on  top  of  the  boilers. 
This  does  not  represent  the  moisture  found  by  chemical  analysis  of  the 
coal  samples,  but  the  wetness  due  to  exposure  to  the  weather  in  barges 
and  railway  cars.  During  the  hot,  dry  weather  of  August  and  Septem- 
ber, 1897,  but  few  of  the  coals  showed  any  loss  when  placed  in  the  box 
over  the  boilers.  The  conditions  with  reference  to  determining  the 
percentage  or  amount  of  dry  coal  were  alike  for  all  coals.  The  ash, 
clinker  and  refuse  from  the  ash-pits  (11)  in  all  instances  was  weighed 
back  dry. 

Coal  which  fell  into  the  ashes  from  the  firemen's  shovels  was  picked 
out  and  burned,  and,  except  during  the  first  three  or  four  tests,  but 
few  pieces  of  unburned  or  partially  coked  coal  were  found  among  the 
ashes. 

The  Wellston  shaft  coal,  used  during  Tests  Nos.  44  and  45,  made  a 
very  light  feathery  ash,  much  of  which  was  carried  over  the  bridge 
walls  by  the  draught  through  the  fire  boxes  while  the  fires  were  being 
broken  and  cleaned. 

The  "water  supplied  to  the  boilers  "  (13)  represents  the  water  by 
meter,  corrected  for  error,  and  reduced  to  weight  for  observed  tem- 
perature of  feed  water  (9).  The  "efficiency  of  the  steam"  (15)  is 
obtained  by  dividing  the  average  thermal  value  of  the  steam  by  calori- 
meter, by  the  total  heat  of  saturated  steam  at  the  observed  pressure. 
This  takes  into  account  the  heat  in  the  entrained  water  as  well  as 
that  in  the  saturated  steam,  and  credits  the  coal  with  the  whole  work 
done  by  the  boilers;  and  since  these  tests  were  for  relative  coal  effects, 
and  not  boiler  effects,  it  seemed  to  the  author  entirely  proper  to  credit 
each  coal  with  the  whole  heat  accounted  for  by  the  steam  calorimeters. 

The  "net  water  converted  into  steam"  (16)  is  the  "  water  supplied 
to  boilers  "  (13)  multiplied  by  the  "  efficiency  of  the  steam  "  (15).  As 
the  efficiency  recognizes  a  small  amount  of  heat  in  the  "water  en- 
trained in  the  steam  "  (14),  the  term  "  net  water  converted  into  steam  " 
is  therefore  not  strictly  correct. 

In  reducing  "steam  per  pound  of  coal"  (17)   or   "combustible" 
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(19)  "from  temperature  of  feed,"  to  "steam  per  pound  of  coal"  (18), 
or  "combustible"  (20),  "from  and  at  212°  Fahr.,"  the  divisor  996 
instead  of  965.7  was  used.  The  remaining  captions  will  require  no 
explanation. 

"While  the  physical  results  from  the  different  coals  are  properly 
comparable  with  each  other,  they  are  not  comparable  with  the  results 
obtained  from  the  same  coals  under  other  conditions  of  boilers,  fur- 
uace,  firemen,  etc.  (This  remark,  of  course,  does  not  apply  to  the 
proximate  chemical  analyses  and  determinations  of  thermal  value, 
which  will  be  referred  to  hereafter.) 

The  evaporative  results  from  and  at  212°  Fahr.  of  Test  No.  50  (Table 
No.  9),  and  Tests  Nos.  51  to  55,  inclusive  (Table  No.  10),  have  been 
corrected  to  agree  with  the  data  of  Table  No.  4,  to  correspond  with  the 
first  forty-nine  tests,  all  of  which  were  made  prior  to  the  careful  scal- 
ing of  the  boilers. 
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The  relative  efficiency  of  the  several  coals,  on  coal  (23),  and  on 
combustible  (24)  are  based  upon  the  highest  evaporation  obtained  dur- 
ing the  tests  per  pound  of  coal  or  combustible  from  and  at  212°  Fahr. 
as  standards,  and  the  factors  for  multiplying  the  prices  at  which  several 
coals  may  be  offered  are,  of  course,  the  reciprocals  of  these  efficiencies. 
If  thus,  the  coals  mentioned  in  Table  No.  12  were  offered  at  the  prices 
per  ton  annexed,  then  column  3  contains  the  deduced  prices,  obtained 
in  the  manner  described. 

TABLE  No.  12. 


Kind  of  coal. 


Pittsburg,  Brown,  Second  Pool,  Mine  Run 
Pittsburg,  Catsburg,  Third  Pool,  Mine  Run 
Pittsburg,  Woods,  Fourth  Pool,  Mine  Run 

Pocahontas,  Mine  Run 

New  River,  Mine  Run 

Wellston  Shaft,  Mine  Run 


Dealers'  price 
per  ton. 


$1.50 
1.75 
1.60 
1.75 
1.64 
1.90 


Deduced  price 

for  comparison 

of  bids. 


$1.82 
2.10 
1.83 
1.90 
1.73 
2.41 


Upon  these  prices,  New  River  coal  would  be  offered  at  the  lowest 
cost  to  the  steam  user. 

The  reciprocals  of  the  efficiencies  based  on  coal  also  show  how 
much  more  than  the  standard  will  be  required  of  any  of  the  coals 
tested  to  do  a  given  amount  of  work. 

The  economic  and  capacity  results  of  the  Pennsylvania  coals  are 
shown  in  Table  No.  13. 

The  relative  values  of  the  grades  of  Second  Pool  coal  noted  in  the 
table,  from  the  dealers'  point  of  view,  are  about  as  follows: 

Lump 100 

Barge  Run 90-95 

Mine  Run 80-90 

Nut  and  Slack 70-80 

The  grades  of  coal  show  differences  in  value  to  the  buyer  or  steam 
user  as  follows: 

Lump 100.00 

Barge  Run 100.67 

Mine  Run 93 .56 

Nut  and  Slack 93.72 
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TABLE   No.    13. — Economic  and   Capacity   Besui/ts  with   Pennsyl- 
vania Coals. 


Steam  from  and 

Steam 

per 
square 
foot  of 
heating 
surface 
per  hour. 

Kind  of  coal. 

AT  212° 

Fahb. 

Coal  per 
square 

s 
£ 

0 
V. 

Per 
pound 
of  coal. 

Per 
pound 
of  com- 
bustible. 

foot  of 

grate 

surface 

per  hour. 

H 

Pounds. 

Pounds. 

Pounds. 

Pounds. 

13.. 

Pittsburg, 

9.004 

9.537 

5.397 

17.408 

15 

" 

"                "             Barge  Run.. 

9.064 

9.642 

5.398 

17.297 

14 

" 

"                "             Mine  Run... 

8.424 

9.251 

5.358 

18.484 

1fi 

" 

"                "             Nut       and 

Slack 

K.43!) 

9.241 

5.413 

18.666 

ft.. 

Pittsburg, 

9.227 

9.868 

5.317 

16.783 

H.  . 

" 

"                    "           Barge  Run 

8.790 

9.459 

5.419 

17.960 

7,, 

" 

"                    "           Mine  Run. 

8.521 

9.364 

5.391 

18.426 

8., 

" 

"                    "           Nut    and 

Slack 

8.227 

9.143 

5.334 

18.839 

17.. 

Pittsburg, 

Cincinnati,  Third  Pool,  Mine  Run 

8.673 

9.237 

5.362 

17.990 

18.. 

" 

"                    "           Nut     and 

Slack 

8.672 

9.344 

5.391 

18.061 

9 

Pittsburg, 

Woods,  Fourth  Pool,  Lump 

8.735 

9.648 

5.375 

17.875 

10.. 

" 

"                  "           Barge  Run. 

8.519 

9.426 

5.398 

18.432 

11.. 

" 

"                  "'           Mine  Run. . 

8.933 

9.903 

5.407 

17.593 

18.. 

" 

"                  "           Nut      and 

Slack.... 

8.452 

9.426 

5.377 

18.468 

With  this  coal  it  appeared  that  there  was  no  superiority  of  Lump 
over  Barge  Bun  coal,  while  Mine  Bun  and  Nut  and  Slack  were  less  than 
6.^'q  inferior  in  economy  to  Lump  coal;  and  Nut  and  Slack  coal  for 
steam  purposes,  at  the  prices  usually  asked,  was  superior  to  Lump  coal 
by  26.20%;  or  while  one  dollar's  worth  of  Second  Pool,  Lump  coal  fur- 
nished 10  290  lbs.  of  steam,  one  dollar's  worth  of  Nut  and  Slack  coal 
furnished  12  983  lbs.  of  steam,  and  one  dollar's  worth  of  Mine  Bun  coal 
furnished  11  232  lbs.  of  steam. 

The  Third  Pool  coals,  for  the  different  grades,  have  the  following 
relative  mean  values: 

Lump 100.00 

Barge  Bun 92.35 

Mine  Bun 93. 17 

Nut  and  Slack 92.12 

The  Fourth  Pool  coals  have  the  following  values  for  the  different 
grades : 

Lump 100.00 

Barge  Bun 97 .53 

Mine  Bun 102 .  27 

Nut  and  Slack 96.76 
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TABLE  No.  14. — Economic  and  Capacity  Results  with  West 
Yikginia  Coals. 


Test 
No. 


Kind  of  coal. 


Steam  from  and 
at  212°  Fahr. 


Per  Per 

pound  of   Pound  of 

coal        I  comblls- 

coaL  tible. 

Pounds.     Pounds. 


Steam 

per 
square 
foot  of 
heating 
surface 
per  hour. 

Pounds. 


Coal  per 

square 

foot 

of  grate 
surface 

per  hour. 

Pounds. 


35. 

49. 

1. 

31. 

27. 
20. 
21. 
26. 
22. 

2. 

3., 
32., 
33., 
31.. 
23.. 
24.. 
25.. 
37.. 
28.. 
50.. 
30.. 
42.. 
46.. 
29.. 
19.. 


51.. 
52.. 
53.. 
54.. 
55.. 
38.. 
39.. 


New  Ri vei ,  Lump 

"  Lump 

"  Mine  Run 

"  Mine  Run 

Loup  Creek,  Lump* 

"  Mine  Runt 

Slack* 

Pocahontas,  Lump 

"  Mine  Run 

Kanawha,  Steam  Lump 

^         Gas  Lump 

Acme,  Mine  Run 

"      Nut  and  Slack 

Keystone,  Mine  Run 

Wmif rede,  Lump 

"  Mine  Run 

"  Nut  and  Slack 

Thacker,  Lump 

"  Mine  Run 

"  Mine  Run 

"  Nut  and  Slack , 

Logan  Consolidated,  Thacker,  Mine  Run. , 

Maritime,  Thacker,  Mine  Run 

Campbell's  Creek,  Mine  Run 

"  "  Nut  and  Slack 

Monongah,  Mine  Run 

Eagle,  Mine  Run 

Cedar  Grove,  Mine  Run 

Mount  Carbon.  Mine  Run 

Chesapeake,  Mine  Run 

Coalburg,  Mine  Run 

Belmont" Splint,  Mine  Run 

"  "        Nut  and  Slack 


9.186 
9.707 
9.N34 
9.572 
10.215 
8.759 
8.776 
9.958 
9.423 
9.280 
8.620 
9.566 
9.066 
8.818 
9.211 
8.591 
8.341 
9.464 
9.392 
9.521 
9.040 
9.158 
9.264 
8.924 
7.899 
8.939 
9.044 
9.365 
8.920 
8.816 
8.742 
8.730 
8.152 


9.879 

10.143 

10.771 

10.005 

10.633 

9.130 

9.216 

10.603 

10.133 

9.943 

9.854 

10.185 

9.935 

9.688 

9.908 

9.110 

9.583 

10.011 

10.132 

10.129 

10.124 

9.804 

9.679 

9.659 

8.689 

9.582 

9.874 

9.841 

9.576 

9.326 

9.406 

9.485 

9.273 


5.400 
5.333 
5.319 
5.477 
5.567 
5.434 
5.216 
5.353 
5.262 
5.335 
5.340 
5.454 
5.499 
5.472 
5.398 
5.369 
5.486 
5.441 
5.599 
5.482 
5.460 
5.341 
5.453 
5.466 
5.364 
5.423 
5.202 
5.177 
5.152 
5.122 
5.062 
5.488 
5.438 


17.149 
15.590 
15.794 
16.811 
15.837 
18.048 
17.272 
15.645 
16.247 
16.914 
18.262 
16.613 
17.623 
18.118 
17.041 
18.181 
19.144 
10.756 
17.329 
16.677 
17.533 
16.944 
17.137 
17.812 
19.744 
17.679 
16.667 
16.052 
16.802 
16.942 
16.839 
18.278 
19.437 


*  From  the  MacDonald  Mine. 
t  From  the  Dunn  Loup  Mine. 


An  examination  of  these  figures  shows  two  things: 
First. — That  the  opinion  hitherto  generally  accepted  as  to  Second 
Pool,  Monongahela  River  coal  being  markedly  superior  to  the  coals 
obtained  from  the  newer  Pittsburg  mines  farther  up  the  river,  is  not 
sustained  by  the  results  of  these  tests. 

Second.  —  That  the  prices  usually  asked  for  the  higher  grades  of 
these  coals  are  not  warranted  for  steam  purposes;  that  Mine  Run  and 
Nut  and  Slack  coals  are  by  far  the  most  economical  coals,  and  that  they 
can  be  sold  upon  narrower  discounts  from  Lump  coal  prices  and  still 
be  the  most  profitable  to  buyers  of  steam  coals. 
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Referring  briefly  to  the  economic  results  per  pound  of  combustible, 
it  will  be  noticed  that  there  is  greater  uniformity  among  all  these  coals 
in  the  steam  per  pound  of  combustible,  without  regard  to  the  mines  or 
grades,  than  in  the  steam  per  pound  of  coal,  and  this  naturally  is 
due  to  the  fact  that  the  lower  grades  contain  just  as  good  coal  as  Lump, 
but  carry  more  waste  matter  from  the  slate  and  stone  loosened  in  min- 
ing from  the  roof  and  floor  of  the  galleries,  which  in  Lump  coal  is  pre- 
sumed to  be  removed  when  it  is  run  over  the  screen  at  the  mouth  of  the 
mine,  and  by  the  use  of  finer  screens  often  goes  into  the  cargoes  of 
low-grade  coals,  and  is  purchased  as  so  much  coal  by  the  buyer. 
Assuming  no  more  non-combustible  matter  in  the  Mine  Run  than  in 
the  Lump  coal,  such  coal  for  steam  purposes  should  always  be  equal 
to  Lump,  provided  the  grates  upon  which  it  is  burned  are  suitable  to 
retain  the  smaller  and  finer  particles  until  coking  occurs,  or  in  the 
non-coking  coals,  until  combustion  is  completed. 

A  review  of  the  Pittsburg  coals  indicates  that  they  should  be  rated 
as  of  equal  quality,  whether  obtained  from  the  older  mines  in  the 
Second  Pool  or  from  the  newer  mines  in  the  Fourth  Pool. 

The  economic  and  capacity  results  of  the  West  Virginia  coals  are 
shown  in  Table  No.  14. 

The  economic  and  capacity  results  of  the  Ohio,  Kentucky  and 
Tennessee  coals  are  shown  in  Table  No.  15. 

TABLE  No.  15. — Economic  and  Capacity  Results  with  Ohio,  Ken- 
tucky and  Tennessee  Coals. 


Test 
No. 


Kind  of  coal. 


Steam  from  and  at 
212°  Fahr. 


Per  pound 
of  coal. 

Pounds. 


Per  pound 
of  combus- 
tible. 
Pounds. 


Steam  per 
square  toot 
of  heating 


Coal  per 

square  foot 

of  grate 


or  neating       or  grate 
surface  per  surface  per 

hnnr  hnlir 


hour 


Pounds.     I     Pounds. 


41  Luhrig,  Washed  Egg 

43  Luhrig,  Washed  Slack 

1 1  WVUston  Shaft,  Mine  Run 

45  Wellston  Shaft,  Nut  and  Slack . 


Ohio  Coals. 

7.820 
7.275 
8.053 
7.570 


47    IJellico,  Mine  Run 

40    |  Jellico,  Nut  and  Slack . 


48    IJellico,  Mine  Run. 


Kentucky  Coals. 
....I        9  115        I 
....|        7.779        | 

Tennessee  Coal. 
....I        8.719        I 


8.404 
7.667 
8.301 
7.943 


9.431 
8.695 


5.373 
5.304 
5.321 
5.274 


5.485 
5.340 


5.484 


20.037 
21.186 
19.209 

20.265 


17.509 
19.991 


18.255 
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A  hasty  glance  at  the  table  of  economic  results  obtained  with  the 
West  Virginia  coals  will  show  that  nearly  all  the  samples  should  be 
ranked  higher  than  the  Pittsburg  coals.  Thus  the  average  weight  of 
steam  per  pound  of  coal  for  all  the  Pittsburg  coals  was  8.69  lbs.,  an 
economy  which  is  reached  or  excelled  by  all  except  five  samples  of 
"West  Virginia  coals.  Heretofore,  in  the  western  river  markets,  Pitts- 
burg coal  from  the  Second  Pool  has  been  the  accepted  standard,  and 
for  years  prices  and  guarantees  have  been  based  on  this  coal. 

Considering  Pittsburg  coal  as  the  standard  for  steam  purposes  in 
the  western  river  markets,  all  but  five  of  the  West  Virginia  coals  ex- 
ceed the  average  of  the  Pittsburg  coals  in  steam  per  pound  of  coal  and 
per  pound  of  combustible.  Belmont  Splint,  Winifrede,  Campbell's 
Creek,  Kanawha  Gas,  and  the  Loup  Creek  low-grade  coals  are  the  only 
kinds  or  grades  that  fall  below  the  Pittsburg  coals.  Of  the  West  Vir- 
ginia coals,  several,  like  New  River,  Pocahontas,  Loup  Creek  (from  the 
MacDonald  Mine),  Acme,  Thacker,  Cedar  Grove  and  Kanawha  Steam, 
are  peculiarly  of  good  quality. 

Grouping  the  West  Virginia  coals  in  two  classes,  of  which  the 
first  contains  coals  distinctly  superior  to  Pittsburg,  and  the  second  all 
other  coals  tested,  the  average  performance  for  the  coals  of  each  of 
these  classes  is  shown  in  Table  No.  16. 

TABLE  No.  16. 


Steam  from  and  at  212°  Fahr. 

Samples  of  coals. 

Per  pound  of  coal. 
Pounds. 

Per  pound  of  com- 
bustible.    Pounds. 

8.69 
9.51 

8.76 

9  46 

First-class,  West  Virginia  coals: 
New    River.     Loup    Creek    (MacDonald 
Mine),    Pocahontas,    Kanawha    Steam, 
Acme,  Thacker.  and  Cedar  Grove  coals 

10.16 

Second-class,  West  Virginia  coals: 
Loup  Creek  (Dunn  Loup  Mine),  Kanawha 
Gas,  Keystone,  Winifrede,  Logan  Con- 
solidated   Thacker,   Maritime  Thacker, 
Campbell's    Creek,    Monongah,    Eagle, 
Mt.  Carbon,  Chesapeake.  Coalburg  and 

9.49 

By  referring  to  the  proximate  analyses  and  calorific  tests  of  the 
seven  coals  grouped  in  the  first  class,  it  will  be  noticed  that  the  com- 
position of  the  combustible  matter  varies  widely,  while  the  heating 
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Pennsylvania  Coals. 
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powers  of  combustible  and  practical  performance  are  sufficiently  near 
together  to  suggest  coals  of  like  character. 

TABLE  'No.  17. 


Sample  of  coal. 

B.  T.  U. 
per  pound  of 
combustible. 

Steam  per  pound 

of  combustible 

(averages). 

15  757 
15  336 
15  456 
15  653 
15  589 
15  554 
15  422 

10.20 

10.63 

10.37 

9.94 

10.06 

10.10 

9.84 

From  the  proximate  analyses  of  these  coals,  the  averages  of  fixed 
carbon  and  volatile  matter  are  as  follows: 


Sample  of  coal. 

Fixed  carbon. 

Volatile  matter. 

78.77 
61.72 
60.26 

18.85 

31.37 

35.35 

Referring  to  the  Ohio,  Kentucky  and  Tennessee  coals  tested,  it  is 
apparent  that  for  steam  purposes  these  coals  are  not  equal  to  the 
"West  Virginia  and  Pittsburg  coals.  (An  exception  should  be  made  of 
the  Jellico,  Ky.,  coal,  wdiich  compares  favorably  with  the  second- 
class,  West  Virginia  coals. ) 

The  diagrams  (Figs.  3  to  6,  inclusive)  show  the  relation  of  the  dif- 
ferent coals  of  each  group  and  grade.  The  vertical  scale  represents 
pounds,  and  the  horizontal  scale  the  different  coals.  The  solid  circles 
connected  by  lines  at  the  top  of  the  diagrams  indicate  (to  scale)  the 
average  weights  of  coal  samples  burned  per  square  foot  of  grate  sur- 
face per  hour.  The  second  series  of  circles  connected  by  lines  indi- 
cates the  steam  per  pound  of  combustible;  and  the  third  series  of 
circles  connected  by  lines  indicates  the  steam  per  pound  of  coal, 
both  from  and  at  212°  Fahr.  The  lower  solid  circles  and  lines  indi- 
cate the  steam  in  pounds  per  square  foot  of  heating  surface  per  hour. 
The  reasonable  uniformity  of  the  work  done  during  each  test  by  all 
coals  will  be  noticed  upon  reference  to  the  several  diagrams. 

It  is  quite  possible  that  the  boilers  used  in  these  tests  were  not  the 
best  for  all  the  coals  tested,  and  that  some  kinds  and  grades  of  coal 
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suffered  accordingly;  but  that  is  a  condition  which  perhaps  will 
always  be  found  true,  for  no  form  of  boiler  and  furnace  can  be  equally 
well  adapted  to  every  variety  of  bituminous  coal,  nor  could  changes 
be  made  in  the  boiler  and  furnace,  and  in  the  mode  of  firing,  for  dif- 
ferent kinds  of  coal,  without  raising  a  suspicion  in  the  investigator's 
mind  that  by  so  doing  he  would  be  favoring  one  coal  at  the  expense 
of  another. 

The  Galloway  boilers  have  elsewhere  been  reported  upon  very 
favorably  when  worked  with  bituminous  coal,  results  being  attributed 
to  them  with  what  the  author  finds  to  be  inferior  coals,  which  con- 
siderably exceed  the  performance  of  any  coal  tested  during  this  in- 
vestigation, but  doubtless  such  results  were  obtained  under  conditions 
which  cannot  be  had  in  the  daily  operation  of  steam  boilers  with  ordi- 
nary firemen. 

These  boilers  were  originally  set  with  960  sq.  ft.  of  heating  surface 
and  199  sq.  ft.  of  super-heating  surface,  a  total  combined  heating  and 
super-heating  surface  of  1  159  sq.  ft.  for  each  boiler.  The  grate  sur- 
face, of  course,  was  the  same  as  during  the  author's  trials,  but  the 
chimney  was  originally  150  ft.  high  and  of  the  same  section  as  during 
the  later  tests.  The  report  of  the  contract  trial  upon  which  the 
boilers  were  accepted  by  the  city  contains  the  following  data: 

Date  of  trial May,  1889. 

Duration  of  trial 10  hrs. 

Steam  pressure,  by  gauge 92.80  lbs. 

Temperature  of  feed  water 193. 70°  Fahr. 

Temperature   of    waste   gases  in    flue   leading  to 

chimney* 700°  +  Fahr. 

Dry  coal  consumed 6  911. 00  lbs. 

Super-heat,   expressed  as  percentage  gain  of  heat  units 

above  saturated  steam  (no  data  given) 11.03% 

Total  steam  from  and  at  212°  Fahr 76  377.00  lbs. 

Steam  per  pound  of  dry  coal  from  and  at  212°  Fahr. .  .11.05  lbs. 

The  coal  for  the  contract  trial  is  stated  as  Pittsburg  Nut,  contain- 
ing 10.3%  of  ash,  etc.,  and  over  2>\%  of  moisture.     These  percentages  . 
are  much  larger  than   found  by  the  author  for  any  kind  or  grade  of 
Pittsburg  coal.     The  coal  was  burned  at  the  rate  of  19.05  lbs.  per  square 
*  Obtained  by  melting  zinc. 
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foot  of  grate  surface  per  hour,  and  steam  was  made  at  the  rate  of  8.03 
lbs.  from  and  at  212°  Fahr.  per  square  foot  of  water-heating  surface 
per  hour.  The  jjrincipal  differences  between  the  conditions  for  the 
contract  trial,  and  those  for  the  coal  tests  by  the  author,  were  in  the 
setting  of  the  boilers  and  in  the  height  of  the  chimney,  with  the  com- 
plete loss  of  super-heating  surface  for  the  later  trials,  which  appar- 
ently alone  made  the  efficiency  of  the  steam  11. 73%  better  for  this 
earlier  trial. 

The  author  has  no  record  of  the  methods  pursued,  and  no  means  of 
checking  the  results  of  the  contract  trial,  but  it  would  be  interesting 
to  know  how  the  very  high  percentage  of  super-heat  was  obtained  with 
a  boiler  setting  which  within  his  experience  has  seldom  shown  above  a 
few  degrees  of  super-heat,  and  generally  is  expected  by  the  builders 
only  to  secure  dry  steam,  and  further  how  the  largely  increased  capacity 
was  obtained.  During  the  author's  tests  the  boilers  were  supposed  to 
be  doing  the  best  possible  work,  with  an  economic  rate  of  coal  con- 
sumption per  square  foot  of  grate  surface  per  hour.  If  there  was  error 
in  reporting  the  contract  trial,  it  would  seem  to  be  either  in  the  weight 
of  water  credited  to  the  boiler,  or  in  the  quality  of  steam  made,  or  both. 
The  rate  of  coal  consumption  compares  fairly  well  with  the  rates  used 
during  the  author's  coal  tests. 

In  all  instances  the  coals  were  used  with  care,  and  the  furnace 
conditions  were  such  as,  in  the  author's  opinion,  would  give  the  coal 
lander  trial  a  fair  rating.  One  circumstance,  however,  seemed  to 
militate  against  all  coals,  i.  e.,  the  very  high  temperature  of  the 
chimney  gases,  which  suggested  at  times  that  the  coals  were  being 
burned  at  too  high  a  rate  per  unit  of  grate  surface,  or  that  the  ratio  of 
grate  and  heating  surface  was  not  well  proportioned.  The  higher  tem- 
peratures of  hot  gas  were  obtained  during  the  earlier  tests,  and  this 
was  then  thought  to  have  been  due  to  the  fireman's  lack  of  previous  ex- 
perience with  these  boilers,  but  singularly  enough  some  of  the  high 
temperatures  in  the  chimney  were  accompanied  by  better  economies 
than  when  the  same  coals  were  tried  with  lower  temperatures  of  waste 
gases.  By  referring  to  the  abstract  from  the  reported  results  of  the 
contract  trial,  it  seems  that  the  waste  gases  entered  the  chimney  then 
at  a  very  high  temperature,  notwithstanding  the  unusual  economic  re- 
sults obtained. 

During  the  first  22  tests  there  was  no  regulation  of  the  flow  of  air  to 
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West  Virginia  Coals 
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the  ash-pits,  and  comparison  of  coals  of  like  kinds  tried  before  and  after 
the  quantity  of  air  to  the  ash-pits  was  placed  under  control,  indicates 
in  one  example  a  gain,  and  in  the  other  a  slight  loss  by  the  change. 


TABLE  No.  18 — Comparison   of  Coals  tried  before  and  after 
Regulation  of  Air  to  Ashpits. 


Kind  of  coal. 

Steam  from  and  at  212°  Fahr. 

Temperature 

of  waste 

gases. 

Fahr. 

Test 
Number. 

Per  pound  of 

coal. 

Pounds. 

Per  pound  of 

combustible. 

Pounds. 

1 

9.834 
8.759 

9.572 
9.186 

10.215 

10.771 
9.130 

10.005 
9.879 
10.143 

10.633 

631.3 

20 

31 
35 

Loup  Creek.  Mine  Run 

New  River.  Mine  Run 

S18.8 

521.7 
622.6 

49 
27 

606.5 
637.6 

Calorimetric  Determinations  of  Heating  Power  of  Coals. 

Before  preceding  to  this  branch  of  the  investigation,  careful  study 
was  made  of  several  modern  forms  of  coal  calorimeter,  and,  after 
weighing  the  advantages  and  disadvantages  of  each,  the  author  de- 
cided to  use  the  instrument  devised  by  Professor  B.  C.  Carpenter,  of 
Cornell  University,  the  accuracy  of  which,  after  observing  due  pre- 
cautions in  its  use.  depends  upon,  the  assumption  that  ecpial  incre- 
ments of  heat  produce  corresponding  dilatations  of  the  water  in  the 
instrument,  and  that  the  heat  value  for  pure  carbon  has  been  de- 
termined. The  instrument  was  accompanied  by  a  diagram,  which 
gave  the  manufacturer's  calibration  and  value  for  each  inch  of  rise  on 
the  scale. 

By  burning  in  the  instrument  successive  weights  of  pure  carbon, 
obtained  by  coking  recrystallized  sugar,  the  value  in  heat  units  of 
1  in.  on  the  scale  of  the  water  column  was  obtained,  and  by  multiply- 
ing this  by  the  rise  in  inches  and  dividing  by  the  weight  of  fuel 
burned  in  fraction  of  a  pound,  the  heat  units  per  pound  of  coal  or 
coke  sample  were  obtained.  The  construction  and  use  of  this  form 
of  coal  calorimeter  is  fully  described  in  a  paper  by  Professor  Car- 
penter.* 

*  Transactions,  A.  S.  M.  E.,  Vol.  xvi,  1895. 
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The  value  of  pure  carbon  burning  without  a  residue,  as  determined 
by  Berthelot,  is  14  652  B.  T.  U.  per  pound,*  while  two  samples  of 
pure  carbon,  burning  without  a  residue  in  the  crucible,  gave  during 
the  author's  tests  a  mean  of  14  646  when  measured  on  the  heat  scale 
supplied  with  the  Carpenter  instrument. 

The  preliminary  tests  with  coke  from  sugar  were  carefully  repeated 
with  trifling  variations  in  the  results,  and,  accepting  the  value  of  pure 
carbon  as  determined  by  Berthelot.  then  1  in.  rise  of  the  water  column 
equals  7.15  B.  T.  U. :  i.  e.,  this  amount  of  heat  added  to  the  water  in 
the  instrument  caused  the  column  in  the  glass  tube  to  rise  1  in. 
Generally,  1.5  grams  of  coal  were  burned  in  the  calorimeter,  but  as  a 
check  on  the  work  1  gram  and  2  grams  were  sometimes  used. 

The  sample  of  coal  for  the  calorimeter  was  weighed  on  an  analyti- 
cal balance,  turning  to  to  mgr.,  in  thin  asbestos  crucibles  about 
|  in.  in  diameter  and  f  in.  deep.  These  crucibles  were  subjected  to 
prolonged  heat  over  a  Bunsen  burner  to  remove  any  combustible 
matter,  and  cooled  to  room  temperature  in  a  desiccator  before  each 
determination. 

Sample  determinations  with  this  calorimeter  are  given  below: 

Pure  Carbon  from  Sugar. — 1.5  grams.     Scale  reading  6.74  ins. 

Harvey  Foundry  (Joke. — 1.411  grams.     Scale  reading  6.15  ins. 
New  Rirer,  Mine  Run,  Coal. — 1.5  grams.     Scale  reading  7.02  ins. 

BT-u=L^iL5  =  15163 

The  Carpenter  instrument,  which  is  an  improved  form  of  the  earlier 
Thompson  Gas  Calorimeter,  is  really  a  very  large  thermometer:  the 
fuel  being  burned  in  the  bulb,  and  all  heat  being  absorbed  by  the 
fluid  or  lost  by  radiation.  Combustion  takes  place  in  the  presence  of 
pure  oxygen  under  a  pressure  of  9  ins.  of  water.  The  heat  absorbed 
is  accounted  for  by  the  expansion  of  the  fluid  in  the  vertical  glass  tube, 
while  that  lost  by  radiation  is  measured  by  the  contraction  of  the 
column  of  fluid  during  an  interval  of  time  equal  to  the  time  required 
for  the  combustion  of  the  coal  sample.  The  expansion  and  contrac- 
tion are  measured  in  inches  on  a  vertical  scale  placed  behind  the  glass 

*Stillman*s  ••Engineering  Chemistry."  1SUT.  p.  120.  Poole's  "Calorific  Power  of 
Fuels."  1898,  p.  13. 
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tube.  The  bulb  of  the  instrument  contained  slightly  less  than  5  lbs. 
of  water  at  60-  Fahr. 

The  precautions  to  be  observed  in  the  use  of  this  calorimeter  are 
few  and  easily  complied  with: 

First. — Distilled  water,  absolutely  free  from  air,  should  be  used. 
This  the  author  obtained  by  first  gently  boiling  the  water  in  a  separate 
vessel  placed  over  a  Bunsen  gas-burner,  and  then  introducing  it  at 
high  temperature  into  the  calorimeter  bulb.  While  cooling  to  nearly 
room  temperature  the  bulb  was  so  held  as  to  cause  any  air  which  may 
have  been  trapped  while  filling,  to  seek  the  stuffing-box  as  an  outlet. 
To  prevent  reabsorption  of  air  from  the  atmosphere  while  working  with 
the  calorimeter,  a  column  of  coal  oil  1-j  ins.  high  was  run  into  the  glass 
tube  on  top  of  the  water. 

Second. — At  the  beginning  of  each  experiment,  the  temperature  of 
the  calorimeter  and  water  must  be  sensibly  higher  than  room  tempera- 
ture to  avoid  transfer  of  heat  from  the  atmosphere  to  the  water,  and  the 
instrument  must  be  rigidly  protected  from  all  drafts  in  the  room  while 
the  experiment  is  being  conducted. 

Third. — The  exit  orifice  for  the  waste  gases  must  be  kept  clear  of 
all  residual  matters  which  may  come  over  and  be  deposited  from  them. 
With  perfect  combustion  there  should  be  no  residuals  in  the  waste 
gases;  but  it  is  essential  to  good  work  with  this  instrument  that  the  gas 
orifice  be  frequently  opened  with  a  fine  brass  wire,  for  with  continued 
use  in  some  manner  this  very  small  opening  (about  the  size  of  a  fine 
cambric  needle)  becomes  clogged.  (It  is  possible  that  the  sulphuric 
acid  in  the  waste  gases  may  have  a  corrosive  effect  on  the  metal  sur- 
rounding the  exit  orifice,  with  formation  of  sulphate  of  copper.) 

Fourth. — The  time  required  to  burn  the  sample  of  coal  should  be 
noted  to  seconds,  and  the  same  length  of  time  allowed  for  loss  of  heat 
by  radiation  after  combustion. 

Many  preliminary  tests  with  this  instrument  on  foundry  coke  and 
pure  carbon  indicated  an  accuracy  of  measurement  which  in  the  com 
parative  determination  of  the  heat  values  of  these  coals  should  be  all 
sufficient. 

In  Table  No.  19  are  given  the  averages  of  several  determinations  of 
the  calorific  values  in  B.  T.  U.  of  the  different  coals  subjected  to 
jmysical  tests,  together  with  a  comparison  of  the  ash  by  calorimeter, 
and  by  chemical  analysis: 
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TABLE  No.  19. — Heating    Power    of    Coals   in   British    Thermal 

Units. 


Test 
numbers. 


Kind  of  coal. 


Heat  units'        .   ,  , 
P*CTdca=X. 


Ash  by 

analysis. 


Pennsylvania  (Pittsburg)  Coals. 


13-14-15-16. 

5-6-7-8 

17-18 

9-10-11-12.. 


5-31-35-40.. 
1-31-35-49.. 
10-21-27.... 
20-21-27.... 

22-26 

22-26 

2 

2 

32-33 

34 

33-24-25. . . . 
28-30-37-50. 

22 

46 

49-29 

16 


Pittsburg:,  Brown,  Second  Pool  — 

Catisburg,  Third  Pool.. 

"         Cincinnati.  Third  Pool. 

"         Woods,  Fourth  Pool... 


West  Virginia  Coals 


31 ... . 
52.... 
53.... 
54.... 
55.... 
38-39. 


New  River  (old  sample) 

"  (new  sample) 

Loup  Creek  (old  sample) 

(new  sample) 

Pocahontas  (old  sample 

"  (new  sample) 

Kanawha,  Steam 

"         Gas 

Acme 

Keystone 

Wiiiifrede 

Thacker 

Logan  Consolidated  Thacker. 

Maritime  Thacker 

Campbell's  Creek 

Monongah  

Eagle 

Cedar  Grove 

Mt   Carbon 

Chesapeake 

Coalburg 

Belmont  Splint 


Ohio  Coals. 


41-43 [Luhrig,  Washed . 

44-45 Wellstou  Shaft. . 


Kentucky  Coals. 


40-47 jJellico. 

48 IJellico  . 


Tennessee  Coal. 


13  383 

5.77 

3.75 

13  44f. 

5.46 

5.50 

13  247 

4.64 

4.05 

13  316 

5.66 

5.60 

,s. 
14  742 

1.40 

1.45 

15  163 

2.87 

2.40 

14  137 

4.17 

2.15 

14  975 

1.20 

0.95 

14  048 

4.23 

4.00 

15  133 

1.57 

1.25 

15  163 

2.33 

2.10 

1 :,  i  ISS 

1.33 

3.75 

15  184 

1.60 

2.10 

13  824 

9.73 

8.30 

14111 

2.91 

2.85 

14  526 

5.88 

5.00 

14  245 

4.13 

3.85 

14  126 

5.20 

4.60 

14  180 

3.17 

2.90 

14  245 

3.04 

3.30 

14  040 

3.00 

2.60 

14  668 

3.97 

3.47 

13  964 

4.67 

4.33 

13  370 

3.93 

3.27 

13  781 

5.26 

4.93 

12  949 

1.08 

1.20 

12  960 

6.86 

6.90 

12  506 

7.80 

7.30 

14  472   ; 

1.06 

0.85 

13  846   1 

1.37 

1.10 

The  ash,  both  by  calorimeter  and  analysis,  is  a  mean  of  several  de- 
terminations, and,  when,  by  the  two  methods  of  examination,  the 
percentages  of  ash  fail  to  agree,  it  must  be  charged  to  lack  of  uni- 
formity in  the  samples.  This  variation  in  percentage  of  ash  in  coals 
from  the  same  source  is  well  known,*  and  indicates,  as  might  be  sup- 
posed, that  Nature  in  forming  the  coal  did  not  follow  exact  synthesis. 
Some  writers  have  recently  stated  the  thermal  values  of  certain 
coals  on  the  net  combustible,  leaving  out  of  consideration  the  ash  and 
moisture,  which  are  constant  constituents  of  all  coals  as  purchased  for 
use.  The  propriety  of  this,  excepting  for  comparison  of  effects  of 
different  combinations  of  carbon,  hydrogen  and  oxygen  in  the  coal, 
*  "  The  Calorific  Value  of  Certain  Coals,"  etc.,  by  Lord  and  Haas,  Loc.  cit.,  pp.  8  and  9. 
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may  be  questioned.  Thus,  when  the  constituents  of  the  combustible  are 
alike,  or  nearly  alike,  in  two  or  more  coals,  and  the  B.  T.  IT.  are  sub- 
stantially different,  such  a  comparison  furnishes  very  interesting 
information ;  but  when  the  thermal  values  agree  very  well  for  different 
coals  of  like  composition,  it  is  a  mistake  to  neglect  properties  which 
are  certain  to  be  found  in  all  coals  of  every  nature.  Neither  does  it 
furnish  information  of  value  to  the  consumer  of  coal,  who  is  compelled 
to  make  his  purchases  and  estimate  economy  with  the  ash  and  moisture 
included. 

In  connection  with  the  heat  values  of  the  coals  tested  by  the 
author,  Table  No.  20,  comparing  some  of  these  with  results  obtained 
by  other  investigators  on  the  same  coals,  may  be  of  interest.  In  this 
table  the  data  attributed  to  Professor  Carpenter  were  obtained  with 
an  instrument  of  the  same  kind  as  that  used  by  the  author.*  The 
data  credited  to  Mr.  Barrus  were  obtained  from  an  improved  form 
and  mode  of  using  the  Thompson  calorimeter,  f  The  data  credited 
to  Professors  Lord  and  Haas  were  obtained  with  a  Mahler  bomb 
calorimeter,  X  while  those  credited  to  Messrs.  Hale  and  Williams  were 
obtained  with  a  bomb  calorimeter  of  the  Bert  helot  type.g 

With  reference  to  the  samples  of  coal  tested  for  calorific  power  by 
the  author,  it  is  proper  to  state  that  all  the  samples  were  in  the  office 
for  from  two  weeks  to  eight  months  previous  to  making  the  calorimetric 
determinations,  and  although  excluded  from  dust,  the  packages  were 
open  to  free  access  of  air,  and  some  of  the  volatile  matter  may  have  been 
lost  under  the  influence  of  room  temperature.  To  ascertain  the  probable 
effect  of  keeping  the  coals  under  this  condition,  tests  of  old  and  new 
samples  of  New  River,  Loup  Creek  and  Pocahontas  coals  were  made, 
with  the  result  in  each  instance,  of  a  higher  calorific  power  in  the  new 
when  compared  with  the  old  samples.  Upon  the  contrary,  the  recent 
experiments  of  Messrs.  Hale  and  Williams,  Boston,  indicate  that  two 
of  the  coals  mentioned  (New  River  and  Pocahontas)  were  not  im- 
paired  in  heating  power  by  exposure  or  weathering.  With  this  differ- 
ence, however,  that  exposure  in  the  author's  tests  was  limited  to  the 
air  circulating  in  a  room,  while  in  Messrs.  Hale  and  Williams'  ex- 
periments the  samples  of  coal  were  really  exposed  to  the  weather  for 
-eleven  months.       

*  Transactions,  A.  S.  M.  E.,  Vol.  xvi,  1895. 
t  Transactions,  A.  S.  M.  E.,  Vol.  xiv,  1893. 
X  Transactions,  \m.  Inst.  Mining  Engrs.,  1897. 
|  Transactions,  A.  S.  M.  E.,  Vol.  xx,  1899. 
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More  than  20  years  ago  the  author  made  some  experiments  under 
steam  boilers  with  weathered  and  freshly  mined  Pittsburg  coal,  with 
the  result  that  the  freshly  mined  coal  gave  the  higher  amount  of 
steam  per  pound  of  coal.  The  data  of  these  early  trials  not  having 
been  permanently  recorded,  the  percentage  gain  of  the  freshly  mined 
over-weathered  coal  cannot  now  be  stated,  but  the  difference  was  quite 
material. 

TABLE  No.  20. — Comparison  of  Heat  Determinations. 


Kind  of  coal. 

Heat  units 

per  pound  of 

coal. 

Mode 

of 

Determination. 

Authority. 

(     14  742  (old)  ) 
X     15  163(new)  j 
|     13  858             i 
\     14  455             f 
(     14  713             1 
\     15  222             ( 
t      14  048  (old)  1 
1     15  133(new)  J 

15  094 
f     14  512             ) 
\     14  906             J 
(     13  608             ) 
J     14  603             ] 

14  975 

14  526 
(     13  955             ) 
[     14  020             J 
[      13  247             ) 

13  316 

13  383 

13  446 
(     13  237             ) 
\     13  977             S 

12  941 

f     13  414             1 

13  657 

13  963              | 
[     14  006 

13  960 

13  506 
f     11  885             \ 
\     12  388             J 

Calorimeter. 

Analysis. 
Calorimeter. 

Analysis. 
Calorimeter. 

Analysis. 
Calorimeter. 

lt 

R.  C.  Carpenter. 

11 

1( 

u 

Author. 

Lord  and  Haas. 
G.  H.  Barrus. 

Hale  and  Williams. 

u 

Author. 

" 

Lord  and  Haas. 

Professor  Johnson  attempted  to  deduce  the  calorific  values  of  the 
coals  which  came  under  his  observation  from  the  formulas  of  Des- 
pretz  and  Dulong*  (the  then  prevailing  expressions  for  the  total  heat- 
ing power  of  coal),  and  also  to  relate  the  total  heat  value  to  that  of 
pure  carbon  by  the  method  of  Berthier,  which  consists  in  reducing  the 
lead  from  litharge  by  combustion  of  a  known  weight  of  coal  in  a  cru- 
cible in  the  presence  of  an  excess  of  the  oxide  of  lead.     The  amount 

*  Report  to  the  Navy  Department  of  the  United  States,  on  American  Coals,  by  Pro- 
fessor Walter  R.  Johnson,  1843,  p.  500. 
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TABLE  No.  21.—  Calorimeter  Experiments  with  Harvey  Coke,  Gas 
('(ike,  and  Pure  Carbon  from  Becrystaulized  Sugar. 


Sample 

Weight  in 
grams. 

B.  T.  U. 
Per  pound 
of  com- 
bustible. 

1.885 
1.411 

1.418 
1.413 

0.943 
1.885 
0.944 

1.500 

1.500 
1.500 

18  641 

13  800 

11 

14  026 

it 

13  987 

u 

13  600 

.. 

14  327 

.. 

13  461 

13  000 

14  560 

14  732 

of  metallic  lead  found,  after  combustion,  as  a  button  in  tlie  crucible, 
being  weighed  and  related  to  the  weight  of  coal  consumed,  and  the 
total  calorific  power  of  the  combustible  obtained  by  proportion  from 
the  amounts  of  lead  reduced  by  the  given  combustible,  and  by  pure 
carbon. 

According  to  Berthier  pure  carbon  was  capable  of  reducing  thirty- 
four  times  its  weight  of  lead*,  and  by  multiplying  the  weight  of  lead 
reduced  by  the  calorific  value  of  pure  carbon  divided  by  34,  the  ther- 
mal value  of  the  combustible  matter  in  any  given  coal  may  be  de- 
termined. Professor  Johnson  used  20  grains  (about  1J  grams)  of 
powdered  coal  sample  for  his  litharge  tests.  Mr.  Emery  has  suggested 
that  this  test  of  Berthier  for  determination  of  the  heating  power  of 
coals  by  reason  of  its  simplicity  and  readiness  of  application  might  be 
revived  to  advantage.! 

Professor  Johnson  made  many  deductions  from  his  chemical  notes 

to  show  that  the  percentage  of  fixed  carbon  in  the  combustible  was  a 

direct  measure  of  the  heal  ing  power,  and  that,  as  the  ratio  of  carbon  to 

volatile  matter  diminished,  the  calorific  power  of  the  coal  also  dimin- 

ished.     While  this  is  generally  true,  it  is  now  well  known  that  the 

anthracite  coals,  high  in  fixed  carbon  and  low  in  volatile  matter,  are 

not  possessed  <>f  the  highest  heating  powers,  nor  have  they  shown  the 

high  efficiency  of  the  smokeless   AVest  Virginia    or  the  Cumberland 

coals  when  submitted  to  physical  tests. 

*ll>id.,  p.  106. 
iLoc.  of.,  p.  30. 
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Source. 


George's  Creek. 


B.  T.  U. 

per  pound 
of  com- 
bustible. 


How  determined. 


Authority. 


■  maximum) 
i  minimum  V 

N.  Y.  &  M.  Mining  Co 

'•  Coal  m  Store  "  i  .Mine  > 

Atkinson  and  Templeman. 

Kasby  and  Smith 

John  Neff 

D.  .v  s.  Coal  Co 


16  048 

15  ;>.->s 
15  799 
15  141 
14  085 

is  on 

14  089 
18  954 
13  021 
13  837 

13  395 


Bomb  Calorimeter Hale  and  William-     ' 


Analysis 

Thompson  Calorimeter.  Barrus.  1893. 


Litharge  Test. 


Johnson.  1843. 


Upon  the  other  hand,  by  the  litharge  test,  Professor  Johnson  found 
for  Lackawanna  anthracite  coals  14  432  B.  T.  U.  per  pound  of  combusti- 
ble, which  is  much  nearer  some  of  the  late  determinations  than  the  re- 
sults obtained  by  this  method  for  the  Cumberland  coals.  For  thirteen 
samples  of  anthracite  coal  tested  by  Professor  Carpenter*,  he  found 
with  his  calorimeter  for  Drifton  coal  14  480  B.  T.  U.  per  pound  of  com- 
bustible, and  from  eleven  samples  of  anthracite  coal  tested  by  Mr.  Bar- 
rus, |  he  found  for  an  unnamed  coal  14  50SB.  T.  U.  per  pound  of  com- 
bustible, results  quite  near  that  obtained  for  Lackawanna  coal  by  the 
Berthier  test  fifty-six  years  ago  by  Professor  Johuson.  Parallel  coals 
not  having  been  tested  during  the  earlier  and  later  trials,  better  com- 
parisons canuot  be  made,  but  from  the  limited  data  which  are  at  all 
comparable,  the  suggestion  arises  that  the  Berthier  method  may  be 
defective  when  applied  to  coals  high  in  volatile  matter,  possibly  by 
reason  of  incomplete  or  imperfect  combustion  of  the  hydro-carbons. 
When  applied  to  carbons,  and  coals  high  in  carbon,  it  seems  that  the 
method  may  give  reliable  results. 

Physical  Efficiencies  of  the  Coals. 

The  relation  of  the  heat  accounted  for  in  the  steam  to  the  total 
heating  powers  of  the  several  coals  tested  is  given  in  Tabic  No.  _:i. 
The  difference  between  this  fraction  and  unity,  represents  the  losses  of 
heat  by  chimney  draft,  evaporation  of  moisture  in  the  atmosphere 
and  coal,  rendered  latent   in  the  gases  of  combustion  and  the  heat 


*  Loc.  cit.,  p.  17. 
t  Loc.  cit..  p.  7. 
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losses  by  radiation  and  conduction.  Notes  sufficient  to  divide  up 
the  gross  loss  into  the  detailed  losses  were  not  taken,  nor  with  the 
object  which  these  test-  had  in  view  was  it  necessary,  because  the 
boiler,  furnace  and  chimney  conditions  were  alike  for  all  coals.  Excep- 
tions should  be  made  of  the  moisture  in  the  atmosphere,  for  which 
neither  coal  nor  boilers  should  be  held  responsible  ;  but  this  in  the 
author's  previous  experience  has  never  exceeded  \\%  of  the  total  heat 
of  combustion. 

Pboxxmate  Analyses  of   Coals. 

The  notes  on  the  proximate  analyses  of  these  coals  i  Table  No.  24 
are  means  of  three  to  five  determinations  for  each  sample.  In  these 
tests  the  sample  of  powdered  coal  was  carefully  dried  at  105"  Cent,  for 
one  hour,  and  then  re-weighed  for  loss  by  moisture.  The  first  few 
samples  were  then  returned  to  the  gas  oven  for  fifteen  or  twenty  min- 
utes to  ascertain  if  the  additional  exposure  to  the  dry  heat  produced 
further  loss  of  weight  due  to  moisture.  The  early  tests  demon- 
strated that  one  hour  was  sufficient  to  expel  the  moisture  from  the 
samples,  and  all  the  after  determinations  were  made  upon  this  time 
of  exposure  to  dry  heat.  The  sample  in  the  covered  porcelain  crucible 
was  then  exposed  to  the  naked  flame  of  a  Bunsen  burner  until  it 
ceased  to  give  off  gas  at  the  edge  of  the  cover.  The  crucible,  without 
cooblng,  was  then  held  over  a  blast  lamp  at  white  heat  for  three  min- 
to  expel  the  small  amount  of  volatile  matter  which  remained 
after  the  gas  flame  was  extinguished.  The  crucible  and  contents  were 
then  cooled  in  a  desiccator  and  weighed  for  the  loss  of  weight  of 
sample  by  volatile  matter.  The  fixed  carbon  remaining  in  the  cruci- 
ble was  then  burned  to  constant  weight  in  a  current  of  oxygen  over  a 
Bunsen  burner,  after  which  operation  the  crucible  was  again  cooled  in 
the  desiccator  and  weighed  for  loss  due  to  the  fixed  carbon.  The 
difference  between  the  last  weighing  and  weight  of  crucible  repre- 
sented the  ash  or  non-combustible  in  the  sample.  No  determinations 
for  sulphur  in  the  combustible  or  phosphorus  in  the  ash  were  made, 
partly  because  of  lack  of  significance  of  these  elements  in  steam  coals, 
and  partly  for  lack  of  time,  the  city  officials  desiring  the  resume  of  the 
work  at  an  early  date  to  use  in  connection  with  the  annual  contract 
for  r-ity  COals. 

The  samples  for  proximate  analysis  and  for  the  calorimetric  deter- 
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initiations  were  obtained  by  the  customary  method  of  quartering  from 
several  pounds  to  the  small  weights  finally  used.  It  was  believed  that 
all  the  samples  excepting  the  fresh  samples  of  New  River  (1),  Pocahontas 
(26),  Loup  Creek  (27),  Eagle  (51),  Cedar  Grove  (52),  Mt.  Carbon  (53), 
Chesapeake  (54)  and  Coalburg  (55),  had  lost  in  volatile  matter  during 
the  interval  of  time  which  elapsed  between  the  collection  of  the  sample 
from  the  lot  of  test  coal  fired  under  the  boilers,  and  the  tests  for  mois- 
ture and  combustible  matter,  and  for  heating  power;  but  careful  con- 
sideration of  the  proximate  analyses  of  the  old  and  new  samples  of  New- 
River,  Loup  Creek  and  Pocahontas  coals,  suggest  that  this  may  not 
generally  have  been  true. 

TABLE  No.  24. —Proximate  Analyses  of  Coals  Tested  at  the  Hunt 
Street  Pumping  Station. 


Sample  of  coal. 


Specific 
gravity. 


Moisture. 


Volatile 
matter. 


Fixed 
carbon. 


Ash. 


Pittsburg,  Brown,  Second  Pool . . . 

"  Catsburg,  Third  Pool. . 

"  Cincinnati,  Third  Pool 

Woods,  Fourth  Pool . . . 


Pennsylvania  Coals. 

1.317 

1.891 

1.295 

1.292 


New  River  (old  sample) 

"  (new  sample) 

Loup  Creek  (old  sample) 

"  (new  sample; 

Pocahontas  (old  sample) 

"  (new  sample) 

Kanawha,  Steam 

"         Gas.., 

Acme 

Keystone 

Winifrede 

Thacker 

Logan  Consolidated  Thacker 

Maritime  Thacker 

Campbell's  Creek 

Monongah 

Eagle 

Cedar  Grove 

Mt.  Carbon 

Chesapeake 

Coalburg 

Belmont  Splint 


1.17 
0.76 
0.98 
0.65 


West  Virginia  Coals. 

1.270  0.50 

1.270  0.90 

1.275  0.55 

1.275  1.15 

1.277  0.45 

1.277  0.52 

1.277  0.80 
1.261  0.95 

1.273  1.00 
1.306  0.78 
1.297  1.05 
1.324  0.73 
1.309  0.70 
1.301  0.68 

1.278  0.95 
1.282  1.05 
1.268  1.00 
1.308  0.92 
1.266  0.73 

1.274  1.15 
1.289  0.90 

.!       1.269  1.28 


Luhrig,  Washed. 

YWIIston,  Shaft.. 


Jellieo. 


Ohio  Coals. 

I      1.306 

1.293 


Jellieo 


Kentucky  Coal. 

|       1.273     | 

Tennessee  Coal. 
, I      1.275     I 


2.87 
3.38 


1.68 


1.80 


26.93 

68.15 

33.04 

60.70 

33.37 

61.60 

31.95 

61.80 

17.85 

80.20 

18.60 

78.10 

19.25 

78.05 

19.15 

78.75 

14.95 

80.60 

18.80 

79.43 

31.28 

65.82 

37.35 

57.95 

31.50 

65.40 

28.92 

62.00 

32.40 

63.70 

31.32 

62.95 

32.60 

62.85 

31.67 

63.05 

38.00 

58.15 

33.15 

62.50 

30.53 

65.87 

35.35 

60.26 

31.87 

63.07 

34.28 

61.30 

38.17 

56.00 

34.22 

63.30 

33.47 

34.07 


36.62 
36.10 


3.75 
5.50 
4.05 
5.60 


1.45 
2.40 
2.15 
0.95 
4.00 
1.25 
2.10 
3.75 
2.10 
8.30 
2.85 
5.00 
3.85 
4.60 
2.90 
3.30 
2.60 
3.47 
4.33 
3.27 
4.93 
1.20 


56.76  I     6.90 
55.25       7.30 


60.85  |     0.85 
61.00  I     1.10 


(The  above  determinations  were  made  by  Mr.  Henry  C.  Hill.) 
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British  Thermal  Units, 

pen  pound  of  net  combustible. 
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Kent's  Estimate  of  Total  Heat  of  Coals  from  Proximate 
Analysis. 

Mr.  William  Kent  has  given  a  table  of  the  proximate  heating 
values  of  coals  deduced  from  Mahler's  experimental  data.*  In  this 
table  he  attempts  to  show  within  limits  of  error  of  3%  the  B.  T.  U- 
of  coals,  having  previously  determined  percentages  of  fixed  carbon  of 
the  net  combustible.  The  figures  in  this  table  have  been  plotted  as 
co-ordinates  on  the  diagram  (Fig.  7)  and  connected  by  a  smooth 
curve.  Upon  the  diagram  the  heat  values  obtained  by  the  author 
with  the  Carpenter  calorimeter,  together  with  the  results  of  tests  by 
Professor  Carpenter,  Lord  and  Haas,  and  Hale  and  Williams,  have  also 
been  plotted  for  comparison  with  Mr.  Kent's  curve.  An  examination 
of  this  diagram  indicates  a  wide  difference  between  the  heating  values 
of  certain  coals  as  given  by  the  curve  and  from  calorimetric  tests, 
and  this  doubtless  is  due  to  the  variable  nature  of  the  volatile  matter. 

From  any  series  of  experiments  on  bituminous  coals  like  those  by 
Mahler,  curves  can  be  obtained  which  will  approximately  fit  the  pres- 
ent conditions,  but  not  be  generally  applicable  to  another  series  of 
tests  of  coals  from  other  localities.  By  reference  to  Table  No.  25  it 
will  be  seen  that  four  of  the  best  coals  calorimetrically  tested,  viz: 
Thacker,  Acme,  Kanawha  Steam  and  Kanawha  Gas  coals,  having  heat- 
ing powers  of  15  554,  15  589,  15  653  and  15  440  B.  T.  TJ.  per  pound  of 
net  combustible,  contained  scarcely  two-thirds  of  fixed  carbon,  and 
by  the  Kent  method  should  have  rated  in  heating  power  considerably 
lower  than  the  smokeless  coals  ;  when,  in  fact,  by  the  calorimetric 
method  these  coals  were  not  inferior  to  the  coals  giving  the  highest 
heating  powers  and  evaporative  results. 

Referring  again  to  the  table  it  will  be  noticed,  that  as  a  rule,  the 
actual  heating  power  of  the  net  combustiblef  was  considerably  under 
the  value  which  would  be  assigned  to  it  by  the  Kent  curve.  It  is 
scarcely  probable  that  the  heats  obtained  by  the  author  were  too  low, 
because  combustion  must  have  been  perfect  in  the  presence  of  pure 
oxygen  under  pressure,  and  as  shown  by  the  absence  of  smoke  and  soot 
in  the  combustion  chamber,  and  at  the  orifice  of  exit  for  the  waste  gases; 
and  was  complete  as  shown  by  the  fair  agreement  of"the  ash  by  calori- 
metric method  and  proximate  analysis. 

*  Kent's  "  Mechanical  Engineers'  Pocketbook,*'  First  Edition,  p.  634. 
+  Coal— (ash  -4-  moisture). 
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TABLE  No.  25. — Heating  "Values  of  Net  Combustible. 


Coal. 


Percentage   of 
fixed  carbon 

in  net 
combustible. 


B.  T. 


U.  Per  Pound  of  Net 
Combustible. 


By 

calorimeter. 


By 

Kent's  curve. 


Pittsburg,  Brown,  Second  Pool 

"  Catsburg,  Third  Pool. . 

"  Cincinnati,     "         "     .. 

"  Woods,  Fourth       "     . . 


Pennsylvania  Coals 

71.ro 

64.75 
64.86 
65.93 


West  Virginia  Coals. 


New  River  (old  sample) 

"  (new  sample) 

Loup  Creek  (old  sample) 

•'  (new  sample) . . . 
Pocahontas   (old  sample) 

"  (new  sample). . . 

Kanawha  Steam 

Gas 

Acme 

Keystone 

Winif  rede 

Thacker 

Logan  Consolidated  Thacker. 

Maritime  Thacker 

Campbell's  Creek 

Monongah 

Eagle 

Cedar  Grove 

Mount  Carbon 

Chesapeake 

Coalburg 

Belmont  Splint 


Luhrig,  Washed. 
Wellston  Shaft.. 


Jellico. 


Ohio  Coals. 
.1  62.92 

.|  61.86 

Kentucky  Coal. 
.1  62.43 


Jellico. 


Tennessee  Coal. 

.1     62.82 


14  381 
14  317 
14  036 
14  213 


81.80 

15  028 

80.77 

15  757 

80.22 

14  837 

80.44 

15  336 

84.35 

14  738 

80.86 

15  456 

67.79 

15  653 

60.81 

15  440 

67.49 

15  589 

68.19 

15  448 

66.29 

14  693 

66.78 

15  554 

65.85 

14  968 

66.56 

15  008 

60.48 

14  789 

65.34 

15  022 

68.33 

14  625 

63.03 

15  422 

66.43 

14  761 

64.13 

14  086 

59.47 

14  686 

64.91 

13  262 

14  357 

14  080 


14  880 


14  299 


15  670 
15  260 
15  270 
15  350 


15  815 
15  840 
15  850 
15  845 
15  770 
15  840 
15  470 

14  780 

15  460 
15  490 
15  375 
15  400 
15  345 
15  380 

14  690 

15  300 
15  500 
15  120 
15  380 
15  210 

14  510 

15  275 


15  105 
14  960 


15  030 


15  100 


One  serious  objection  to  the  general  application  of  Mr.  Kent's 
curve  is  the  variable  nature  of  the  volatile  matter  in  bituminous  coals, 
which  may  have  an  effect  on  the  calorific  power.  Thus,  with  constant 
fixed  carbon,  when  the  hydrogen  is  relatively  high  and  the  oxygen 
relatively  low,  the  heating  power  of  the  volatile  matter  will  be  high, 
and  when  the  hydrogen  is  relatively  low  and  the  oxygen  relatively 
high,  the  heating  power  of  the  volatile  matter  will  be  low.  (Varying 
amounts  of  sulphur  in  the  coal  will  have  the  effect  of  slightly  modi- 
fying this. ) 
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Table  No.  26,  from  analyses  by  Professors  Lord  and  Haas,*  will 
show  the  influence  of  varying  relative  amounts  of  hydrogen  and 
oxygen  on  the  heating  power  of  coals : 

TABLE   No.    26.— Relation    of    Hydrogen,    Oxygen    and    Heating 

POWEK    OF   COALS. 


Coal. 

Percentages. 

Heateng  Power. 

Test 
No. 

Ash. 

Fixed 
carbon. 

Hydrogen. 

OxygeD. 

By 

calorimeter. 
Calories,  t 

By 

analysis. 
Calories. t 

24 

9.17 
9.10 

7.95 
9.05 

8.70 
8.80 

5.83 
9.67 

6.50 
6.05 

5.63 
4.80 

73.15 
71.40 

76.56 
73.91 

72.78 

72.82 

69.43 
66.50 

78.90 
78.40 

85.46 
85.40 

4.98 
4.62 

5.22 
5.15 

4.93 
5.25 

5.35 
5.16 

5.14 
5.19 

4.25 
4.39 

7.41 
10.68 

7.00 
8.89 

10.57 
8.55 

16.27 
15.57 

6.88 
7.56 

3.24 
3.94 

7  464 
7113 

7  630 
7354 

7245 
7  304 

6  882 

6  494 

7  768 

7  867 

8185 

8  280 

7  393 

30 

6  970 

16 

34 

32 
33 

6 
8 

11 

Pittsburg 

Hocking  Valley. 

7  719 
7  404 

7  173 
7  395 

6  790 

6  520 

7  876 

14 

7  831 

3 
5 

Pocahontas 

8  246 
8258 

t  Pound  calories  X  1.8  =  B.  T.  U. 


Considering  the  Freeport,  Pittsburg  and  Darlington  coals,  the  rela- 
tion of  hydrogen  and  oxygen  varies  sufficiently  to  overcome  the  modi- 
fying influence  of  the  differences  in  percentages  of  fixed  carbon. 
With  the  Hocking  Valley  coal  the  relation  of  the  hydrogen  and  oxygen 
is  fairly  constant,  but  the  combustible  varies  in  heating  power  by 
reason  of  the  variable  proportion  of  fixed  carbon,  while  with  the 
Thacker  and  Pocahontas  coals  all  conditions  of  the  combustible  are 
fairly  constant,  and  the  heating  powers  likewise  are  constant. 

The  data  in  Table  No.  27,  from  ten  samples  of  bituminous  coals, 
are  taken  from  Professor  Carpenter's  paper,  descriptive  of  his  form  of 
coal  calorimeter, X  and  compared  on  the  heating  power  of  the  net  com- 
bustible with  the  heats  obtained  for  the  given  percentages  of  free 
carbon  by  Mr.  Kent's  curve. 

*  Loc.  cit. 

J  Lor.  rit. 
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Source  of  coal. 

Percentage  of 
free  carbon. 

B.  T.  U.  Per  Pound 

3F  Net  Combustible. 

By  calorimeter. 

By  Kenfs  curve. 

67.93 
66.27 
65.19 
73.93 
68.78 
63.47 
74.73 
78.87 
81.47 
58.65 

16  093 

15  964 

14  601 

16  000 
16  315 

15  106 

14  753 

15  396 
15  872 
12  435 

15  370 

15  290 

15  750 

it 

15  510 

u 

15  160 

n 

15  780 

ii 

15  835 

West  Virginia 

15  820 

14  400 

Specific  Gravity  of  the  Coais. 

The  specific  gravity  given  in  the  table  of  analyses  of  each  kind  of 
coal — a  mean  of  five  or  six  determinations — will  be  found  of  value  in 
estimating  the  stowage  for  marine,  railway  and  factory  uses  where  the 
coal  storage  space  is  limited.  Thus  a  coal  of  given  specific  gravity 
and  heating  power  will  occupy  less  bulk  for  a  given  steam  effect  than 
will  another  coal  lower  in  specific  gravity  and  of  ecpial  heating  power. 
The  relative  values  where  stowage  is  a  consideration  will  be  approxi- 
mately represented  by  the  products  of  the  heating  powers  and  specific 
gravities  of  the  several  coals,  and  to  illustrate  the  effect  of  this,  the 
following  comparisons  of  a  few  coals  have  been  made: 

TABLE  No.  28. 


Coal  sample. 


Product,  heating 

power  (B.  T.  U.),  and 

specific  gravity. 


Pittsburg  (average) 

New  River 

Loup  Creek 

Pocahontas 

Acme 

Thacker 

Eagle 

Cedar  Grove  

Luhrig.  Washed 

Wellston  Shaft 


Relative  stowage 
value. 


17  339 

19  257 
19  093 
19  325 

19  329 
19  232 
17  8113 
19  186 

16  926 
16  170 


89.70 

99.63 
98.78 
100.00 
100.00 
99.50 
92.10 
99.26 

87.57 
83.66 


Considering    that  the  New  Kiver,  Loup  Creek,   Pocahontas    and 
Thacker  coals,  in  addition  to  their  other  good  qualities,  are  all  so- 
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called  smokeless  coals,  the  importance  of  these  for  naval  and  railway- 
purposes  is  quite  apparent. 

It  should  be  matter  for  congratulation  by  the  people  of  the  United 
States  residing  east  of  the  Mississippi  Eiver,  that  Nature  has  been  so 
bountiful  iu  locating  such  vast  tracts  of  high-grade  steam  coals  as 
are  found  in  the  States  of  Pennsylvania,  West  Virginia  and  Kentucky, 
especially  as  these  coals  are  easily  mined  and  cheaply  transported  to 
the  seaboard,  or  to  points  of  consumption  inland.  Some  of  these 
coals,  like  Pocahontas,  New  River,  and  Acme,  are  not  surpassed  for 
steam  use  by  any  known  coals  in  the  world,  and  when  boilers  and 
furnaces  have  been  devised  to  obtain  the  highest  practical  efficiencies, 
then  these  coals  will  be  made  to  contribute  in  a  higher  degree  to  the 
commercial  prosperity  of  the  country. 

Reference  to  the  physical  efficiencies  of  these  coals  (Table  No.  23), 
indicates  that  none  of  the  coals  was  giving  very  high  results,  and 
some,  undoubtedly,  were  worked  at  a  disadvantage,  although  the  evi- 
dences of  this  were  not  apparent  at  the  time;  but  high  efficiency  of 
the  low-grade  coals  cannot  always  be  attained  except  in  furnaces 
especially  adapted  for  them.  All  the  losses  of  heat  by  chimney  draft, 
etc.,  should  be  limited  to  30%  of  the  ultimate  heat  value  of  the  coal; 
and  in  designing  boilers  and  furnaces,  due  regard  should  be  had  for 
the  work  to  be  performed  and  the  coal  to  be  used.  But  variations 
in  any  large  degree  in  the  amount  of  work,  and  the  kind  and  grade  of 
coal  burned,  will  in  most  instances  be  attended  with  reduced  efficiency 
of  the  fuel. 
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THE  ARTIFICIAL  PRESERVATION   OF  RAILROAD 
TIES  BY  THE  USE  OF  ZINC  CHLORIDE. 


By  Walter  W.  Curtis,  M.  Am.  Soc.  C.  E. 
To  be  Presented  May  17th,  1899. 


Over  a  year  ago  the  author  became  interested  in  the  question  of 
the  present  commercial  value  of  the  zinc-chloride  process  for  preserv- 
ing timber,  and  particularly  ties;  with  the  result  that  he  began  an 
investigation  to  determine  for  himself  the  value  of  the  treatment  and 
the  occasion  for  it  in  the  United  States. 

Since  the  report  made  to  the  Society  by  its  Committee*  in  1885, 
there  has  been  but  little  published  on  the  subject,  and  that  has  been 
in  pamphlet  form,  making  it  extremely  difficult,  if  indeed  possible, 
to  secure  recent  and  accurate  data  on  the  subject.  Probably  many 
will  be  surpi"ised  to  learn  that  during  the  last  12  years  something 
like  10  000  000  cross-ties  have  been  thus  treated,  and  that  during  the 
present  year  there  will  probably  be  1  500  000  ties  treated. 

It  is  hoped  that  this  paper  may  to  some  extent  add  to  the  knowl- 
edge on  the  subject  and  place  in  accessible  form  that  which  has 
already  existed  for  those  who  knew  where  to  find  it. 

Note.— These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published  in  a 
subsequent  number  of  Proceedings,  and,  when  finally  closed,  the  papers  with  discussion 
in  full  will  be  published  in  Transactions. 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xiv,  p.  247. 
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Ties  in  General. 

Any  investigation  of  the  timber  resources  of  the  country  is  bound 
to  be  exceedingly  disappointing,  on  account  of  the  impossibility  of 
securing  any  complete,  or  even  correct  partial  data. 

The  Government,  through  the  Department  of  Forestry,  has  in- 
vestigated the  subject,  and  has  collected  much  information  as  to  the 
supply,  the  consumption,  the  characteristics  of  the  material  and  the 
best  methods  of  using  and  economizing  American  timbers.  With 
reference  to  the  special  subject  of  railroad  ties,  the  Department,  in 
1882  and  1883,  by  means  of  circulars,  collected  data  from  283  dif- 
ferent corporations,  representing  over  70  000  miles  of  track.  This 
data  covered  the  size  and  number  of  ties  used  per  mile,  the  kinds  of 
timber  used,  its  durability  and  cost,  with  general  information  as  to 
the  sources  of  supply,  etc.  In  1886  inquiries  covering  somewhat 
similar  ground,  resulted  in  replies  from  35  representative  corpora- 
tions operating  46  000  miles  of  track.  The  first  indicated  the  average 
life  of  ties  to  be  as  follows:  "White  and  burr  oak  7  years,  cypress  9 
years,  redwood  and  cedar  11  years,  and  for  other  woods  generally  5 
vears.     In  the  later  report  it  is  stated : 

"  While  no  general  rule  can  be  laid  down  as  to  the  lasting  quality 
of  timber  imbedded  under  the  track  and  used  in  bridges  and  trestle 
work,  subject,  as  it  is,  to  the  endless  varieties  of  conditions  of  soil 
and  climate  in  different  sections  of  the  country,  nevertheless,  it  may 
be  safely  assumed  that  7  years  is  the  limit  of  the  average  usefulness 
of  ties  of  the  best  kinds  of  hard  wood,  and  4  years  for  the  soft  woods." 

The  46  000  miles  of  road  covered  by  the  1886  report,  used  in  re- 
newals, the  preceding  year,  16  700  000  ties,  at  an  average  cost  of 
35.6  cents  each.  "  The  average  number  of  new  ties  required  annually 
for  each  mile,  to  replace  decayed  ones,  is  365;  the  average  duration  of 
ties,  7.2  years." 

In  the  report  on  metal  ties  and  the  preservative  processes  for 
wooden  ties,  prepared  by  E.  E.  R.  Tratman,  Assoc.  M.  Am.  Soc. 
C.  E.,  under  the  direction  of  Mr.  B.  E.  Fernow,  Chief  of  the  Division 
of  Forestry,  and  issued  in  1894  as  Bulletin  No.  9,  the  situation  is 
summarized  thus: 

"Briefly  recapitulating  statistics  as  given  in  the  previous  bul- 
letins, it  may  be  stated,  that  with  an  average  of  2  500  ties  per  mile, 
the  230  000  miles  of  track,  including  second,  third,  fourth  and  side 
tracks,  represent  575  000  000  ties  in  service.      Renewals  require  an- 
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nually  upwards  of  75  000  000  ties  "  (corresponding  to  7-f  years  of  life) 
"new  construction  13  000  000  ties,  or  the  total  annual  consumption 
in  round  numbers  of  90  000  000  ties,  equal  to  450  000  000  cu.  ft.  of 
forest-grown  material,  to  which  some  60  000  000  cu.  ft.  for  bridges  and 
trestle  work  must  be  added,  making  the  total  consumption  for  railway 
purposes  exceed  500  000  000  cu.  ft.  This  requires  the  annual  culling 
of  the  best  timber  from  probably  more  than  1  000  000  acres,  and  the 
annual  product  of  at  least  50  000  000  acres  in  good  condition,  or  more 
than  10%"  of  the  present  forest  area  of  the  United  States  reserved  for 
this  one  use  alone." 

Benjamin  Reece,  M.  Am.  Soc.  C.  E. ,  demonstrates*  conclusively  the 
very  largely  increased  relative  importance  of  tie  renewals  as  compared 
with  rail  renewals;  the  expenditure  for  ties  on  various  roads  having  in- 
creased relatively  to  rails  in  the  years  1880  and  1890  nearly  300  per- 
cent. Most  of  this  remarkable  increase  was  undoubtedly  due  to  the 
decreased  cost  of  rails  per  ton;  and  the  data  are  lacking  in  Mr.  Reece's 
paper  to  determine  how  much,  if  any,  is  pro2)erly  attributable  to  in- 
creased cost  per  tie  or  to  decreased  life.  The  increased  importance  to 
the  railroads  of  the  expense  of  tie  renewals,  however,  is  not  affected, 
whatever  the  reason;  and  the  evidence  of  the  urgent  need  of  study  and 
effort  to  reduce  the  cost  of  such  renewals  is  sufficient. 

It  is  difficult  to  learn  much  about  the  history  of  the  ties  on  many 
American  roads.  A  rail  carries  with  it  the  name  of  its  maker,  the  year 
made  and  a  guaranteed  life.  The  tie  is  simply  a  stick,  looking  much 
like  any  other,  with  no  marks  on  it  and  no  record  anywhere.  The 
officials  know  that  the  first  ties  were  originally  laid  during  a  certain 
year;  that  perhaps  these  were  largely  replaced  when  new  rails  were  put 
down  at  a  later  date;  that  some  have  been  renewed  each  year  since;  and 
generally  that  is  all  that  can  be  accurately  stated.  Some  roads  can  do 
more,  and  can  tell  how  many  ties  have  been  replaced  on  each  section 
each  year;  but  if  an  attempt  is  made  to  ascertain  the  average  life  of  a 
certain  kind  of  tie,  or  of  all  kinds  in  the  main  track,  it  will  almost  in- 
variably result  in  disappointment.  In  certain  instances  there  may  be 
particular  stretches  of  road  where  for  special  reasons  the  roadmaster 
remembers  more  definitely  how  many  ties  have  been  removed.  This  is 
generally  where  the  ties  have  been  remarkably  durable,  or  else  short- 
lived, and,  based  on  that  recollection,  the  life  of  that  particular  kind  of 
tie  is  apt  to  be  given  as  longer  or  shorter  than  a  general  average  would 
justify.  

*  "The  Increasing  Cost  of  Railway  Tie  Renewals."     Transactions,  Am.  Soc.  C.  E. 
Vol.  xxvii,  p.  640. 
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The  trouble  is  that  there  has  never  been,  nor  is  there  now,  any  gen- 
erally accepted  method  of  marking  ties ;  and  indeed  there  is  no  particular 
advantage  in  knowing  just  how  long  any  single  untreated  tie  has  been 
in  place/  Presumably  the  best  obtainable  of  the  kind  are  bought,  and 
when  they  are  destroyed  more  must  be  purchased.  The  kind  selected 
has  usually  been  the  best  obtainable  from  the  adjacent  land. 

It  is  hoped  that  the  discussion  of  this  paper  will  bring  out  the 
records  of  careful  determinations  of  the  life  of  various  woods  used  as 
ties. 

It  may  be  concluded  that  at  present  the  only  information  regarding 
the  probable  life  of  ties,  free  from  the  very  large  element  of  personal 
opinion,  to  be  secured  from  American  roads  generally,  is  to  be  obtained 
by  taking  the  total  tie  renewals  per  mile  of  road  per  year,  averaged 
over,  say,  5-year  periods.  This  will  indicate  the  average  number  of 
annual  renewals  per  mile,  and  whether  the  average  life  of  the  ties  is 
varying.  Covering  sidings  as  well  as  main  tracks,  however,  such  in- 
formation is  misleading,  as  regards  the  life  of  a  tie  in  the  main  line  ; 
must  be  carefully  interpreted  in  the  light  of  the  particular  conditions 
for  each  road,  and  can  be  considered  as  indicative  only.  To  compare 
one  road  with  another,  the  conditions  must  be  alike;  about  the  same 
relative  proportion  of  siding  and  main  track  ;  of  hard  and  soft  wood, 
and  of  tie  plates  used  ;  and  the  same  climatic  conditions  must  ob- 
tain. As  indicative  of  the  latter,  J.  F.  Wallace,  M.  Am.  Soc.  C.  E., 
Assistant  Second  Vice-President  of  the  Illinois  Central  Railroad,  states 
that  white  oak  ties  on  his  lines  south  of  the  Ohio  River  have  an  aver- 
age life  of  from  4  to  6  years,  depending  upon  the  height  of  the  land 
where  the  timber  was  grown,  the  season  when  cut  and  the  kind  of 
ballast. 

North  of  the  Ohio,  in  central  and  southern  Illinois,  the  average  is 
from  7  to  9  years,  and  in  northern  Illinois  and  Iowa  it  is  from  9  to  12 
years. 

Through  the  kindness  of  the  officers  of  some  roads  and  from  an 
examination  of  the  annual  reports  of  others,  the  author  has  secured 
certain  data  on  renewals,  which  are  of  sufficient  interest  to  warrant 
preservation.     Mr.  Wallace  states: 

"  The  average  number  of  ties  used  each  year  on  the  Illinois  Cen- 
tral Railroad  for  the  past  18  years  has  been,  approximately,  300  to  the 
mile.     The  annual  number  used  per  mile,  however,  has  varied  from 
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as  low  as  221  to  as  high  as  434.  I  estimate  it  will  require  an  average 
of  350  ties  per  mile  per  annum,  taking  our  line  as  a  whole,  to  keep  up 
normal  repairs,  on  the  basis  of  3  000  ties  per  mile  of  track." 

Generally  speaking,  white  oak  ties  are  used  north  of  Memphis,  and 
cypress  ties  south  thereof. 

E.  A.  Handy,*  M.  Am.  Soc.  C.  E.,  has  given  the  annual  renewals 
per  mile  for  his  road  for  the  past  15  years,  showing  a  variation  from 
174  to  359  per  mile.  The  average  per  year  for  the  5  years  from  1883  to 
1887  is  310;  for  the  5  years  from  1888  to  1892,  317;  from  1893  to  1897, 
209.  The  only  explanation  obtainable  for  this  very  remarkable  de- 
crease is  the  reported  construction  of  a  large  amount  of  second  track 
in  1892,  1893  and  1894,  resulting  in  increased  mileage  without  in- 
creased tie  renewals.  However,  as  the  total  trackage  of  all  kinds  in 
1891  was  2  512  miles,  and  in  1897  was  2  651  miles  (an  increase  between 
these  years  of  less  than  6%),  the  one-third  decrease  in  renewals  is 
hardly  accounted  for.  The  extensive  preparations  made  prior  to  1893 
for  the  demands  of  traffic  during  the  Exposition  at  Chicago  may  have 
had  something  to  do  with  it.  As  evidence  that  it  was  not  due  solely 
to  extreme  economy  during  the  poor  years  just  past  it  may  be  stated 
that  the  renewals  for  1897,  while  in  excess  of  the  four  previous  years, 
were  only  245  per  mile.     White  oak  ties  are  used  principally. 

The  annual  reports  of  the  Chicago  and  Northwestern  Eailroad 
give  the  average  annual  renewals  for  the  years  1883  to  1887  as  206  (not 
exact,  as  the  length  of  side-tracks  for  4  years  was  estimated),  1888  to 
1892,  216;  1893  to  1897,  207.  During  these  years  the  track  mileage 
increased  from  4  100  to  7  057,  the  increases  being  made  by  yearly 
additions  of  reasonable  uniformity.  So  far  as  an  indication  of  the 
real  average  life  of  ties  is  concerned,  the  figures  are  deceptive. 

An  average  renewal  of  210  ties  corresponds  to  a  life  of  13A  years, 
assuming  2  800  ties  to  the  mile,  and,  on  the  mileage  of  1897,  to  a  total 
number  of  ties  renewed  of  1  481  970.  If  the  13  years  in  fact  repre- 
sented the  average  life,  and  no  allowance  was  necessary  for  the  ties 
destroyed  earlier  on  the  extensions  before  the  average  life  had 
been  reached,  this  number  of  renewals  should  correspond  approxi- 
mately to  that  on  the  mileage  in  1884,  which  was  about  4  400.  As 
this  gives  a  renewal  per  mile  of  337  ties  instead  of  the  actual  210,  it  is 
evident  that  this  latter  figure  is  deceptive  and  is  due  to  the  rapid  in- 
crease in  the  length  of  the  road.       ____ 

*  Chief  Engineer  of  the  Lake  Shore  and  Michigan  Southern  Railroad. 
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Further  trial  computations  indicate  to  the  author  that  the  probable 
average  life  is  about  10  years,  corresponding  to  an  average  renewal 
rate  of  about  280  ties  per  year. 

Mr.  J.  E.  Blunt,  Chief  Engineer,  states  that  the  ties  in  all  their 
principal  main  lines  are  white  oak,  now  of  a  decidedly  poorer  quality 
than  formerly  used,  from  which  they  get  8  to  9  years'  life.  The  bal- 
ance of  their  ties  are  cedar,  giving  12  to  14  years'  service.  The  ties, 
per  mile,  average  about  2  700. 

E.  Montfort,  M.  Am.  Soc.  O.  E.,  has  kindly  furnished  statistics  for 
the  Louisville  and  Nashville  Eailroad,  from  which  the  following 
results  have  been  deduced: 

Average  renewals  per  mile  for  15  years  prior  to  1898 360 

"  «<  «         "      10     "  "         "   342 

u  'i  "         "        7     "  "         "   334 

for  the  year  1896-97 398 

"  "  "  "  "      1897-98  as  recommended.  375 

Noting  that  the  figures  for  the  renewals  for  the  10  and  15-year 
periods  include  only  those  divisions  which  have  been  built  that  length 
of  time,  on  which  the  amount  of  new  track  laid  is  presumably  quite 
small,  it  is  fair  to  assume  the  average  life  of  ties  on  this  road  to  be 
about  8  years. 

On  the  Chicago,  Milwaukee  and  St.  Paul  Eailroad  the  record,  prior 
to  1889,  was  not  readily  obtainable.  Beginning  with  that  year's  an- 
nual report  the  renewals  each  year  to  1897  were,  280,  210,  204,  228, 
245,  245,  266,  262  and  242.  The  average  of  these  is  243,  corresponding 
to  a  life  of  about  11  years,  the  average  ties  in  use  per  mile  of  all  tracks 
being  about  2  700.  During  these  years  the  mileage  increased  from 
6  810  to  7  747,  an  amount  probably  not  sufficient  to  greatly  affect  the 
apparent  life  of  the  ties.  At  present  about  50%  of  new  ties  purchased 
are  white  oak,  and  about  45"^"  white  cedar.  In  past  years  a  consider- 
ably larger  percentage  has  been  white  oak. 

Through  Thomas  Eodd,  M.  Am.  Soc.  C.  E.,  the  statistics  for  the 
Pennsylvania  Eailroad,  West  of  Pittsburg,  have  been  furnished  by  Mr. 
Charles  Watts,  General  Superintendent.  The  average  life  of  various 
woods  used  for  ties  is: 

Oak,  9.2  years;  hackberry,  4  years;  tamarack,  5  years;  cedar,  wild 
cherry,  honey  locust  and  black  walnut,  8  years. 
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The  method  of  determining  these  periods  is  not  stated.  The  tie 
renewals  since  1883  have  varied  from  168  to  363.  The  average  by 
5-year  intervals  is:  1883  to  1887,  236;  1888  to  1892,  289;  1893  to  1897, 
212.  During  these  years  the  cost  of  ties  has  increased  about  10%> 
and  the  quality  has  deteriorated.  The  length  of  haul  in  the  woods 
has  increased  an  average  of  6  miles  for  the  system,  indicating  the 
exhaustion  of  the  nearer  lands. 

Mr.  J.  B.  Berry  furnished  data  for  the  Fremont,  Elkhorn  and 
Missouri  Valley  Railroad,  of  which  road  he  was  Chief  Engineer  until 
quite  recently. 

The  figures  do  not  extend  back  beyond  1893,  but  they  are  remark- 
able, both  for  their  extreme  smallness  and  the  excellent  system  indi- 
cated. The  entire  renewals  for  1  344  miles  of  main  track,  none  built 
later  than  1888,  and  some  in  1868,  were  470  per  mile  for  the  years  1893 
to  1898,  inclusive,  or  less  than  80  per  mile  per  year.  The  renewals 
figured  for  1898  were  those  recommended  to  be  used.  This  very  small 
number  is  due  to  various  causes  :  The  location  of  the  line  in  an  ex- 
tremely dry  section,  the  rigid  economy  required  during  the  period  of 
commercial  dej:>ression,  the  light  traffic  and  the  use  of  large  numbers 
of  cedar  ties  under  their  most  favorable  conditions.  A  considerable 
part,  however,  is  undoubtedly  due  to  Mr.  Berry's  systematic  and  con- 
stant inspection  of  the  ties,  as  requisitioned  for  and  when  removed 
from  the  track  as  destroyed.  Each  year  tables  similar  to  those  shown 
in  Forms  A  and  B  have  been  prepared,  giving  the  data  for  every  por- 
tion of  the  road. 

Form  A. 


Location. 


Miles  of 
main 
track. 

Year 
road 
built. 

Average  num- 
ber of  ties  per 
mile  of  main 
track. 


Assumed  aver- 
age life  of  ties 
in  years. 


Making  aver- 
age per  mile 
per  year  for 
main  track. 


Number  ties 
requested 

per  mile  for 

1898  main 

track. 


Form  B. 


Location. 

Miles  of 
main 
track. 

Year 
road 
built. 

Renewals  peh 

Mile. 

1893. 

1894. 

1895. 

1896. 

1897. 

Proposed  for 
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All  ties  removed  during  the  year  are  piled  up  and  not  destroyed 
until  inspected  by  the  Chief  Engineer,  and  to  this  post  mortem  Mr. 
Berry  attributes  most  of  the  credit.  Presumably  he  claims  no  origin- 
ality for  either  the  method  of  tabulating  the  facts  or  the  final  in- 
spection. Mr.  Keece,  in  the  paper  previously  referred  to,*  states  that 
he  inaugurated  the  same  system  on  the  Lake  Shore  and  Michigan 
Southern  Railroad  with  great  benefit;  but  as  the  author  has  found 
sufficient  evidence  of  the  need  of  such  systematic  care,  he  feels  justified 
in  presenting  Mr.  Berry's  method  to  the  Society. 

None  of  the  roads  mentioned  has  used  treated  ties  more  than  ex- 
perimentally, if  at  all.  The  figures  given  for  renewals,  excepting  in 
the  last  instance,  are  per  mile  of  all  tracks,  both  maiu  and  sidings,  and 
consequently  correspond  to  a  longer  life  than  is  obtained  in  the  main 
track.  This  accounts  for  the  discrepancy  between  the  life  of  ties  given 
by  the  average  renewals,  and  that  previously  stated  by  the  various 
roads,  as  the  actual  life  of  particular  woods  in  the  main  track  service. 
The  average  annual  renewals  for  the  past  15  years,  indicating  very 
clearly  the  climatic  effect,  are: 

Pennsylvania  Railroad,  West  of  Pittsburg 245; 

Lake  Shore  and  Michigan  Southern 280; 

Chicago  and  North  Western 280    (corrected  for  ex- 
tensions); 

Chicago,  Milwaukee  and  St.  Paul 243   (for  9  years  only). 

Illinois  Central 300    (350    on    basis    of 

3  000    ties    per 

mile); 
Louisville  and  Nashville 360. 

Ties  perish  by  the  mechanical  destruction  of  the  fibers  under  the 
rail;  splitting  by  seasoning  and  cutting  out  of  fiber  by  respiking; 
and  by  natural  decay.  In  its  normal  condition,  to  resist  these  three 
influences,  a  timber  is  required  which  shall  have  sufficient  hardness  to 
resist  the  mechanical  injury;  a  high  degree  of  coherence  between 
fibers  ;  and  a  sap  of  such  chemical  composition  as  will  offer  the  least 
encouragement  to  the  development  of  the  fungoid  life  which  destroys 
the  fiber. 

The  destruction  of  the  fibers  under  the  rail  is  generally  attributed 
to  the  cutting  and  abrading  action  due  to  the  deflection  of  the  rail  and 
*  Transactions,  Am.  Soe.  C.  E.,  Vol.  xxvii,  p.  640. 
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tie  and  the  longitudinal  movement  of  the  rail  as  the  load  passes  over 
it;  and  the  direct  compression  of  the  timber  is  considered  as  too  small 
to  affect  it.  If  a  60-lb.  rail  has  a  bearing  on  the  tie  of  4]  x  8  ins. ,  or  34 
sq.  ins. ,  an  engine  with  30  000  lbs.  on  an  axle  would  cause  a  pressure  of 
441  lbs.  per  square  inch  on  the  tie,  making  no  allowance  for  distribu- 
tion by  the  rail.  According  to  investigations  of  the  Forestry  Depart- 
ment of  the  Government,  the  pines  and  cedars,  when  saturated  with 
water,  as  the  surface  of  a  tie  is  likely  to  be  at  times,  have  a  resistance 
to  a  3%  penetration  across  the  grain,  of  from  400  to  500  lbs.,  corre- 
sponding to  the  assumed  working  limit  of  compression.  As  the  con- 
dition of  a  full  bearing  on  a  new  tie  is  decidedly  improbable,  it  is  by 
no  means  impossible  that  in  such  woods,  the  initial  cutting  under  the 
rail  may  be  due  largely  to  the  direct  compression. 

The  injury  by  splitting  from  seasoning  can  be  reduced  by  covering 
with  ballast  a  larger  part  of  the  ties  subject  to  such  action,  and  that 
from  respiking  by  carefully  plugging  all  spike  holes.  As  to  the  gen- 
eral practice  regarding  plugging,  the  author  is  not  qualified  to  speak. 
He  understands  that  it  is  generally  neglected,  but  he  knows  of  one 
road  which  supplies  the  section  men  with  turned  plugs  of  seasoned 
elm;  and  the  instructions  are  that  every  hole  shall  be  carefully 
plugged,  whether  the  spike  is  redriven  into  it  or  not,  unless  the  tie  is 
so  decayed  as  to  necessitate  removal  within  a  year.  The  results  are 
reported  as  being  very  satisfactory  and  the  slight  expense  of  providing 
the  proper  material  for  such  use  fully  justified. 

To  secure  the  best  results  with  any  tie,  it  is  necessary  that  the  tree 
be  cut  at  the  proper  time,  the  wood  seasoned  before  being  placed  in 
the  track,  and  the  roadbed  well  drained.  The  necessity  for  cutting  at 
a  particular  time  has  been  attributed  to  various  causes  :  The  greater 
amount  of  sap,  the  greater  activity  of  the  sap,  the  change  of  position 
of  the  sap  in  the  tree  and  the  change  in  the  character  of  the  sap  at  cer- 
tain seasons,  which  were  consequently  to  be  avoided  for  cutting.  The 
latest  dictum  on  the  subject,  as  contained  in  the  10th  Bulletin  of  the 
United  States  Forestry  Division,  and  reprinted  in  Professor  J.  B.  John- 
son's "  Materials  of  Construction,"  is: 

"Wood  cut  in  the  fall  is  more  durable  than  that  cut  in  summer, 
only  because  the  low  temperature  of  the  winter  season  prevents  the 
attack  of  the  fungi,  and  the  wood  is  thus  given  a  fail"  chance  to  dry. 
Usually,    summer-felled   wood,    on   account  of    the    prevalent   high 
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temperature  and  exposure  to  sun,  checks  more  than  winter-felled 
wood:  and  since  all  smson-checks  favor  the  entrance  of  both  moisture 
and  fungus,  they  facilitate  destruction." 

Whatever  the  reason,  there  seems  to  be  no  question  but  that  in  the 
northern  part  of  the  United  States,  timber  should  be  cut  in  the  late 
fall  and  winter.  The  value  of  seasoning  seems  also  to  be  undisputed, 
but  the  record  of  experience  on  the  subject  is  small.  That  the  road- 
bed should  be  well  drained,  to  prevent  the  decay  of  the  ties  is  evident; 
and  that  the  ballast  should  not  cover  the  ends  of  the  ties  so  as  to 
prevent  the  ready  escape  of  water  and  the  circulation  of  air  around 
them,  is  good  practice  which  is  frequently  ignored. 

The  immediate  cause  of  the  removal  of  the  average  tie  is  dependent 
upon  the  character  of  the  timber  used,  the  climatic  conditions,  the 
severity  of  tie  inspection,  both  when  purchased  and  after  service  in 
the  track,  the  character  of  the  roadbed  and  the  amount  of  traffic.  It 
may  be  decay  or  the  mechanical  destruction  under  the  rail.  If  it  is 
decay,  it  may  be  the  general  failure  of  the  stick,  or  local  rot  under  the 
rail.  In  any  case,  it  may  be  concluded  that  anything  which  will  post- 
pone the  decay  of  the  wood,  will  add  to  the  life  of  the  tie,  for  where 
the  fibers  are  injured,  rot  will  find  favorable  conditions  for  develop- 
ment, and  where  the  rot  has  begun,  the  fibers  are  reduced  in  strength 
and  quickly  destroyed.  With  certain  woods  durability  can  be  secured 
by  mechanical  means  for  preventing  the  breaking  down  of  the  fibers 
under  the  rail,  as  by  tie  plates.  This  is  especially  true  of  cedar, 
cypress  and  redwood.  Woods  which  are  of  such  texture  that  they 
resist  decay  and  mechanical  injury  equally  well  for  considerable 
periods,  and  have  consequently  been  the  most  satisfactory  timber  for 
ties,  are  unfortunately  few  ;  being  the  white,  burr,  chestnut,  post  and 
lock  oaks.  With  most  of  the  American  woods,  however,  nothing  will 
materially  prolong  the  life  of  the  tie  which  does  not  essentially 
change  the  condition  of  the  sap.  Such  change  may  in  itself  be  suffi- 
cient to  make  a  timber  perfectly  adapted  for  use  as  a  tie,  or  it  may 
still  be  necessary  to  protect  it  from  mechanical  injury  ;  the  deter- 
mining factors  being  the  character  of  the  timber  operated  on  or  the 
process  used. 

The  oaks  which  have  been  in  the  past  and  still  are  in  some  local- 
ities the  principal  source  of  the  best  ties  are  rapidly  being  exhausted. 
It  is  an  especially  favored  road  that  can  to-day  secure  any  considerable 
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supply  of  good  white  or  burr  oak  from  its  own  territory,  and  even  then 
it  is  the  policy  to  use  the  oak  for  but  a  part  of  the  supply,  supple- 
menting it  with  other  and  less  desirable  materials.  The  report  of  one 
of  the  committees  of  the  Roadmasters'  Association,  made  to  the  annual 
meeting  held  in  Denver  in  September,  1898,  may  be  quoted  as  indicat- 
ing the  general  conviction  that  the  day  of  the  hardwood  tie  is  nearing 
its  close.     This  report  recommended: 

"  That  tie  plates  with  soft  ties  be  used  in  preference  to  hard  ties 
without  any  plate,  when  the  natural  life  of  the  soft  tie  is  equal  to  or 
greater  than  the  natural  life  of  the  hard  tie,  cost  being  equal." 

The  cedar  is  being  more  largely  used  with  and  without  tie  plates, 
but  any  largely  increased  demand  for  cedar,  due  to  its  adoption  gen- 
erally, would  probably  cause  a  rapid  increase  in  cost.  It  is  not  a  wood 
that  is  generally  or  uniformly  distributed  throughout  the  country; 
and  even  in  Chicago,  closely  adjacent  to  the  cedar  supplies,  the  in- 
creased demand  of  the  last  3  years  has  advanced  the  price  from  25 
cents  to  38  cents. 

The  future  supply  of  ties  must  undoubtedly  come  from  what  are 
now  considered  the  second-class  or  even  waste  woods.  These,  after 
chemical  treatment,  will  resist  decay  for  from  10  to  12  years  and  will 
generally  cost  less  than  the  white  or  burr  oaks. 

One  of  the  causes  which  has  prevented  the  more  general  adoption 
of  preservative  methods,  has  been  the  low  cost  of  timber,  even  of  the 
best  quality.  Notwithstanding  the  generally  admitted  fact  that  the 
supply  of  such  timber  is  materially  less  than  it  was  10  years  ago,  in 
many  localities  the  cost  is  no  greater  than  it  was  then;  and  in  some 
cases  it  is  even  less.  One  of  the  Western  roads  which  10  years  ago 
paid  50  cents  each  for  the  white  oak  ties  purchased  along  its  own  lines, 
is  now  paying  for  the  same  tie  45  cents;  and  owing  to  stricter  and  more 
thorough  inspection,  it  is  getting  better  timber.  However,  although 
this  road  runs  through  a  magnificent  timber  country,  and  purchases 
all  the  oak  offered  for  sale  on  the  line,  it  has  been  found  necessary  to 
supplement  the  supply  by  importations  from  the  South  at  higher 
prices,  and  by  the  increased  use  of  soft  woods.  This  year  a  larger  per- 
centage of  soft  woods  will  be  used  than  has  been  the  custom. 

One  explanation  of  this  shortening  of  the  supply  without  a  corre- 
sponding increase  in  cost  may  perhaps  be  that  given  in  one  of  the  Gov- 
ernment reports  on  the  subject: 
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"  The  agencies  employed  in  supplying  the  enormous  quantities  of 
ties  required  by  the  railway  system  may  determine,  to  a  great  extent, 
the  amount  and  price  of  material  offered  in  the  market.  In  many  parts 
of  the  country  the  cutting  and  hauling  of  ties  to  railway  stations  is 
performed  mostly  by  farmers  to  whom  this  labor  is  a  source  of  ready 
cash  and  employment  of  spare  time.  Owing  to  this  mode  of  supply, 
an  abundance  of  material  is  steadily  offered,  giving  railways  full  con- 
trol in  the  selection  of  the  best  quality  and  in  the  price  paid;  while  by 
a  regulation  of  the  rates  of  freight  they  can  prevent  an  undue  export 
to  the  treeless  sections  of  the  country,  or  check  materially  the  lumber 
industry  of  certain  localities.  In  this  way  prices  are  kept  down  and  a 
show  of  seeming  abundance  is  maintained  which  does  not  in  the  least 
prove  the  supply  to  be  adequate,  but  merely  shows  that  the  great  num- 
ber of  people  engaged  in  this  industry  are  willing  to  haul  ties  to  the  rail- 
way over  distances  steadily  increasing  as  the  timber  nearest  the  lines  is 
cut  off.  Immense  quantities  of  tie-timber  are  thus  cut  down  and  de- 
livered to  the  railways  at  prices  below  its  real  value.  At  the  time  the 
leading  lines  west  of  the  Missouri  River  were  constructed,  extensive 
tracts  of  w7hite  oak  timber  were  laid  waste  in  the  Western  States.  And 
the  same  process  is  going  on  throughout  the  white  cedar  regions  of  the 
North,  from  which  immense  quantities  of  ties  are  thrown  on  the  timber 
market.  These  channels  of  supply,  based  solely  on  considerations  of 
monetary  profit,  will  continue  to  bring  to  market  the  forest  wealth 
of  many  sections  of  the  land,  but  in  many  instances  and  at  a  time  not 
far  distant  Nature's  bountiful  supply  will  be  exhausted,  and  the 
reckless  system  of  forest  clearing  will  of  necessity  be  a  thing  of  the 
past. " 

This  was  written  12  years  ago  and  the  truth  of  it  is  evidenced  by 
the  greater  scarcity,  and,  so  far  as  many  roads  are  concerned,  practical 
exhaustion,  of  the  white  oak  supplies  in  the  northern  part  of  the 
country. 

The  constant  extensions  of  railroads  into  new  territory,  opening  up 
forests  before  inaccessible,  has  had  even  more  to  do  with  the  stationary 
prices.     A  recent  number  of  a  trade  publication*  says: 

"  Ho  long  as  railroad  rails  rest  on  wood,  so  long  the  white  oak  tie 
will  be  wanted  above  any  other  available  wood.  A  large  proportion  of 
the  mileage  of  western  roads  has  for  many  years  been  laid  with  this 
tie  and  on  ties  brought  from  the  woods  of  the  three  white  pine  States. 
But  the  time  has  now  come  when  this  source  of  supply  is  failing 
rapidly. 

"  The  States  of  Michigan,  Wisconsin  and  Minnesota  to-day  furnish 
probably  one  white  oak  tie  where  5  years  ago  they  furnished  five. 
With  the  present  rate  of  cutting  these  ties  in  these  States,  the  supply  5 
*  The  Mississippi  Valley  Lumberman. 
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years  hence  promises  to  be  insignificant.  Four-fifths  of  the  white  oak 
ties  now  being  bought  by  the  roads  running  through  these  States  are 
brought  from  the  South.  In  time  the  supply  will  be  almost  wholly 
from  the  South. 

';  Though  the  supply  of  white  oak  suitable  for  ties  has  grown  so 
small  in  the  North,  the  market  value  of  this  tie  has  remained  almost 
stationary  because  of  the  recent  influx  of  the  Southern  tie.  The 
Omaha,  the  Soo,  the  Wisconsin  Central  and  the  Milwaukee  lines  have 
this  year  drawn  the  bulk  of  their  white  oak  from  the  South.  A  reduc- 
tion in  freight  rates  is  in  j^art  responsible  for  this." 

Experience  with  Southern  oaks  when  brought  north  seems  to  be 
somewhat  contradictory,  but  is  probably  unsatisfactory,  while  the  cost 
is  high.  As  a  consequence,  it  is  believed  that  the  supply  of  ties  gen- 
erally and  very  shortly  will  have  to  come  from  the  inferior  grades 
of  timber,  with  a  corresponding  large  increase  in  the  number  of 
annual  tie  renewals,  unless  it  is  possible  to  so  treat  them  at  a  low  cost 
as  to  give  them  a  life  equal  or  superior  to  that  now  secured  from 
the  oaks. 

Resume  of  Repokt  of  1885. 

In  1885  a  Committee  of  this  Society,  consisting  of  nine  members, 
presented  an  exhaustive  report  on  the  subject  of  the  preservation  of 
timber  ;  which,  with  the  discussion  thereon,  participated  in  by  six- 
teen other  members,  still  stands  as  the  authoritative  statement  on  the 
subject;  and  many  of  the  general  conclusions  of  the  Committee  remain 
uncontroverted  to-day.  Very  naturally,  however,  during  the  past  12 
years  much  has  been  learned,  some  of  the  ideas  formerly  held  have 
been  modified  and  confirmatory  evidence  produced  as  to  others. 

The  conchisions  in  the  report  on  the  preservation  of  ties  were: 

"  If  the  exposure  is  to  be  that  of  a  railroad  tie,  creosoting  is,  doubt- 
less, the  most  perfect  process  to  use,  but  in  view  of  the  expense,  it 
may  be  preferable  to  use  a  cheaper  process,  dependent  somewhat  upon 
the  location. 

"With  our  present  knowledge,  and  as  a  result  of  this  investigation, 
we  believe  Burnettizing  (the  zinc  chloride  process)  is  the  advisable 
process  to  use  for  ties  at  present  in  this  country." 

The  facts  upon  which  the  conclusion  as  to  the  sufficiency  of  Bur- 
nettizing was  based  were  the  following: 

A  street  railway  in  Cambridge,  Mass.,  was  laid  with  spruce 
stringers  and  sleepers  in  1855.     In  1883,  28  years  later,  the  stringers 
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were  all  worn  out,  but  the  president  reported  that    "many,  and,   I 
think,  the  majority  of  the  sleepers  are  in  good  condition  to-day." 

On  the  Vermont  Central  Kailroad  ties  were  treated  in  1856  to  1860, 
at  which  time  the  plant  was  abandoned  and  the  entire  matter  lost  sight 
of  until  1879,  ' '  when  an  old  side  track  was  removed,  which  had  not 
been  in  use  for  several  years,  and  which  was  nearly  covered  with  earth 
and  grass;  still  the  hemlock  ties  were  then  found  to  be  nearly  sound  " 
after  over  20  years. 

"The  reasons  for  abandoning  the  Burnettizing  works  upon  this 
road  would  seem  to  be  that  the  officers  in  charge  at  that  time  lost 
faith  in  the  theory,  and,  as  it  was  an  experiment,  they  did  not  learn 
of  its  value  until  recently  discovered  in  the  manner  referred  to." 

In  a  wharf  and  in  a  street  railway  in  Boston,  Mass.,  spruce  plank 
and  track  stringers  which  were  Burnettized  in  1857  were  sound  in  1872, 
or  15  years  afterward. 

On  the  Chicago,  Bock  Island  and  Pacific  Bailroad  eight  spans  of 
Howe-truss  bridges  built  in  1860  were  still  in  use  and  in  fair  condition 
in  1882.  On  this  road  2  000  ties  of  hemlock,  pine,  tamarack  and  cedar 
were  laid  in  1866.  In  1882  about  75.%"  of  the  hemlock  was  still  in  the 
track  and  good  for  several  years  longer;  the  pine  and  cedar  ties  had 
all  been  removed  sometime  during  the  15  years — the  tamarack  lasting 
about  as  long  as  the  hemlock. 

On  the  Boston  and  Albany  Bailroad  a  100-ft.  bridge,  built  in  Bos- 
ton by  the  late  E.  S.  Phil  brick,  M.  Am.  Soc.  C.  E.,  was  provided  with 
green  spruce  Burnettized  ties  in  1860  which  lasted  9  years.  They  were 
replaced  by  untreated  pine,  lasting  6  years,  and  these  were  replaced 
by  untreated  chestnut,  lasting  7  years. 

Untreated  spruce  is  stated  by  Mr.  Philbrick  to  have  a  life  of  4  to  5 
years. 

On  the  Lehigh  and  Susquehanna  Bailroad,  L.  L.  Buck,  M.  Am.  Soc. 
C.  E. ,  reported  in  1883  that  he  had  examined  Bxirnettized  maple, 
beech  and  hemlock  ties  laid  in  1867-68  which  had  "  resisted  decay  al- 
most perfectly.  Most  of  the  treated  ties  appeared  good  for  7  or  8  years 
longer." 

This  represents  the  American  experience  in  1885  favorable  to  zinc 
chloride  as  a  tie  preservative.  There  were,  in  addition,  the  results  of 
30  years  of  German  experience,  which  can  be  summarized  from  Council- 
lor Funk's  paper  in  the  report  as  follows:  In  1880,  out  of  60  000  000 
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ties  laid  on  the  German  and  Austro-Hungariau  railroads,  about 
25  000  000  were  impregnated,  the  majority  with  zinc. 

"As  the  experience  of  those  railroads  that  have  for  from  25  to  20 
years  impregnated  their  ties  with  chloride  of  zinc  under  pressure,  after 
steaming  and  abstracting  the  sap,  has  been  very  satisfactory,  and  as 
this  system  costs  only  one-half  to  one-third  as  much  as  impregnation 
with  creosote  or  corrosive  sublimate,  the  majority  of  roads  have 
adopted  the  chloride  of  zinc  process. 

' '  The  average  life  of  ties  impregnated  in  a  rational  manner  with 
creosote  or  chloride  of  zinc  under  a  powerful  pressure  reaches: 

' '  For  oak  ties 19. 5  years. 

"     fir  ties 14  to  16  years. 

"     pine  ties 8  "  10     " 

"     beech  ties 15  "  18     " 

"  The  results  of  impregnation  of  chloride  of  zinc  and  creosote  are 
about  equal.  But,  as  the  impregnation  with  creosote  costs  about  three 
times  as  much  as  with  chloride  of  zinc,  a  majority  of  the  German 
railroads  have  gone  over  to  the  latter. " 

In  addition  to  this  favorable  evidence,  there  was  some  which  was 
unfavorable.  In  1861  the  Erie  Railroad  built  a  plant  at  Owego,  N.  Y., 
in  which  plank  and  bridge  timbers,  as  well  as  a  few  experimental  ties, 
were  treated.  The  results  were  unsatisfactory,  the  large  timbers  in  8 
or  9  years  having  decayed  at  the  center,  leaving  a  hard  crust  on  the 
outside.  In  the  opinion  of  the  Committee,  the  reasons  for  the  un- 
favorable results  were :  The  original  imperfections  in  the  "  Bethel  pro- 
cess," it  being  attempted  to  extract  the  moisture  (before  injection)  by 
the  vacuum  alone,  without  preliminary  steaming;  the  selection  of  bridge 
timbers  which  are  less  adapted  to  the  treatment  than  ties;  operating 
on  entirely  unseasoned  timber,  and,  perhaps,  the  use  of  insufficient 
pressure.     Referring  to  the  use  of  green  timber: 

"As  a  confirmation  of  this  view,  it  may  be  mentioned  that,  while 
the  bridge  timber  did  not  last  well,  several  sets  of  switch  ties, 
which  had  been  cut  about  eight  months  and  seasoned,  were  Burnett- 
ized  at  Owego  for  the  road  department  of  the  Erie  Railway,  and  laid 
in  its  tracks,  with  the  result  that  9  years  afterward  they  did  not  show 
a  particle  of  decay.  These  ties  have  been  lost  sight  of  since,  but  your 
committee  has  in  its  possession  an  oak  tie,  one  of  a  lot  of  two  car  loads, 
seasoned  and  Burnettized  at  Owego,  which  lay  in  the  track  at  Susque- 
hanna Station  for  17  years,  and  is  almost  perfectly  sound  to-day." 

The  Philadelphia,  Wilmington  and  Baltimore  Railroad  and  the 
Philadelphia  and  Reading  Railroad  built  works  in  1863  and  1867.     The 
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results  were  satisfactory  as  regards  decay,  but  the  strength  of  the 
timber  was  so  injured  that  the  ties  broke  in  the  track. 

"  The  explanation  is  that  the  solution  was  too  strong,  and  the  sur- 
plus zinc  probably  crystallized  in  the  sap  ducts  of  the  timber,  burst 
some  of  them  asunder,  and  so  made  the  wood  brittle.  On  the  Phila- 
delphia, "Wilmington  and  Baltimore  Railroad  a  solution  was  used 
probably  5  or  6%  strong,  and  on  the  Philadelphia  and  Reading  Rail- 
road the  solution  was  d}%  strong,  while  experience  in  Germany  has 
thoroughly  established  the  fact  that  for  railroad  ties  the  solution 
should  not  be  over  2%  strong,  and  1.91%  is  considered  the  standard." 

The  present  German  practice,  as  to  strength  of  solution,  will  be 
given  later.  There  is  no  evidence  known  to  the  author  to  confirm  the 
supposition  that  the  surplus  zinc  contained  in  solutions  of  the  strength 
mentioned  has  ever  crystallized  in  the  ducts  and  injured  the  fiber.  It 
is  probably  simply  a  conclusion  based  upon  an  idea. 

In  the  consideration  of  this  record  in  the  United  States  it  is  ne- 
cessary to  remember  that  while  the  use  of  zinc  chloride  as  a  preserva- 
tive of  wood  was  patented  in  1838;  the  Bethel  process  of  securing  the 
saturation  of  the  timber  by  pressure  preceeded  by  partial  vacuum  was 
invented  in  1840;  and  an  attempt  to  apply  the  treatment  was  made  here 
as  early  as  1850;  the  work  for  the  next  20  years  was  largely  experi- 
mental. Everything  had  to  be  learned  as  to  the  proper  methods  of 
treatment,  the  process  perfected,  and  the  best  materials  to  work 
upon  ascertained.  Timber  was  then  so  cheap  and  plentiful  in 
the  United  States  as  to  leave  but  small  incentive  to  devise  means  of 
economizing  it.  That  the  results  of  treatment  were  so  largely  favor- 
able and  the  probable  causes  of  failure  so  evident,  is  remarkable.  The 
record  of  the  hemlock  and  tamarack  ties  on  the  Rock  Island  road  is 
difficult  to  account  for,  in  the  light  of  later  experience.  After  15  years' 
service,  75"q  were  reported  as  still  in  the  track.  As  will  be  seen  later, 
the  more  recent  hemlock  ties  on  this  road  show  a  shorter  average  life, 
and  it  must  be  that  the  previous  statement  was  in  error,  or  the  treat- 
ment the  ties  received  before  and  after  they  were  put  into  the  track 
was  more  favorable  than  that  of  later  years. 

An  endeavor  has  been  made  to  learn  the  facts  as  to  the  method  of 
treatment  followed  with  these  ties,  but  the  only  person  accessible  who 
had  personal  relations  with  the  work  in  1866  disclaims  all  recollection 
of  the  details  and  no  written  recoi'ds  were  kept.  The  author  has  been 
told,  however,  that  these  ties  were  cut  in  December,  cross-piled  to 
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season  until  the  following  October,  then  treated  and  allowed  to  dry 
before  they  were  placed  in  the  track.  If  this  is  true,  their  record  is 
probably  fully  accounted  for  and  can  be  duplicated  if  the  same  condi- 
tions are  supplied. 

Councillor  Funk's  statement  that  the  results  of  impregnation  with 
creosote  and  with  chloride  of  zinc  were  about  equal,  is  evidently  in 
error.  In  the  "  Organ  of  the  Progress  of  Railroads,"  series  1897,  pub- 
lished in  Wiesbaden,  there  is  a  table  in  which  the  average  duration  of 
various  ties  on  the  German  railroads  is  given  for  the  zinc  treatment 
and  also  with  tar  oil  (creosoted).     These  are: 

Oak  ties,  treated  with  zinc  chloride,  15  years;  with  tar  oil  21  years. 
Beech  "  "  9  "  "       30      " 

Pine  "  "  12  "  "       20      " 

Progress  Since  1885. 
At  the  time  of  the  report  to  the  Society,  three  plants  treating  timber 
with  zinc  chloride  were  in  operation  in  the  United  States,  each  work- 
ing with  a  different  process;  the  difference  being  in  the  methods 
adopted  to  prevent  the  impairment  of  the  preservative  treatment  by 
the  washing  out  of  the  zinc  salt,  which  is  quite  soluble  in  water.  This 
solubility  of  the  chloride  is  the  only  objection  to  its  use,  but  the  exact 
value  of  this  point  is  not  determined  to  the  author's  satisfaction.  The 
evidence  already  adduced  relates  to  the  Burnettizing  process  proper, 
in  which  the  zinc  chloride  alone  is  injected,  with  no  attempt  at  any 
artificial  method  of  preventing  its  being  washed  out.  However, 
various  methods  have  been  devised  to  eliminate  any  objection  on  this 
score,  and  each  of  the  plants  in  operation  in  1885  was  working  on 
patented  ideas,  with  this  object  in  view. 

The  Thllmany  Process. 

The  Thilmany  process  consisted  of  the  injection  of  sulphate  of  zinc 
or  copper,  followed  by  a  second  injection  of  chloride  of  barium,  when 
a  chemical  change  was  supposed  to  take  place  in  the  wood  ducts,  the 
chloride  of  barium  being  changed  into  an  insoluble  salt,  sulphate  of 
baryta;  its  chlorine  forming  chloride  of  zinc  or  copper.  The  insoluble 
salt  was  to  prevent  the  soluble  one  from  being  washed  out.  Timber 
was  treated  in  this  way  at  plants  in  Defiance,  Ohio,  and  Milwaukee, 
Wis. ,  and  some  favorable  results  were  reported.     Ties  had  been  treated 
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for  the  Chicago  and  Alton  Railroad  in  1880,  and  for  the  Erie  Railroad 
in  1882.  The  Government  report  of  Forestry  (1881)  states  that 
200  000  soft  wood  ties  treated  by  this  process  had  been  put  into  the 
tracks  of  the  Lake  Shore  and  Michigan  Southern  Railroad.  Some 
were  also  treated  for  the  Wabash  Railroad. 

Correct  records  of  the  ties  on  none  of  these  roads  are  obtainable. 
Mr.  H.  C.  Draper,  Chief  Engineer  of  the  Chicago  and  Alton  Railroad, 
recollects  having  made  an  examination  of  the  results  on  his  road 
which  was  unfavorable  to  the  ties.  Those  treated  had  been  of  various 
soft  woods  growing  along  the  line,  and  the  experiments  were  not 
considered  successful.  No  definite  information  as  to  the  life  of  these 
ties  can  be  secured. 

On  the  Erie  and  the  Wabash  railroads  the  results  were  unsatisfac- 
tory, as  evidenced  by  letters  of  Mr.  Charles  Latimer  and  Mr.  W.  S. 
Lincoln,  M.  Am.  Soc.  C.  E.,  the  Chief  Engineers  of  these  roads.  It 
is  supposed  that  the  failures  were,  in  part,  due  to  the  expected  chem- 
ical action  not  taking  place  when  the  substances  were  confined  to  such 
small  spaces  as  the  ducts  of  timber. 

The  Zinc-Gipstjm  Process. 
The  zinc-gypsum  process  consisted  of  one  injection  of  a  solution  of 
chloride  of  zinc  and  gypsum.  It  was  claimed  that  the  gypsum  crys- 
tallized in  the  ducts  of  the  wood,  thus  stopping  them  up  and  pre- 
venting the  zinc  from  being  washed  out.  As  the  process  was  then 
new,  no  evidence  was  submitted  in  the  report,  except  statements 
of  chemists  showing  the  apparent  impossibility  of  washing  the  zinc 
out  in  laboratory  tests.  A  plant  was  operated  at  St.  Louis  for  several 
years,  but  was  not  a  success  financially;  it  was  dismantled,  and  efforts 
to  secure  any  facts  as  to  the  value  of  the  work  done  have  been  unsuc- 
cessful. 

The  Wellhouse  or  Zinc- Tannest  Process. 

The  Wellhouse  or  zinc-tannin  process  consisted  of  the  injection  of 
a  solution  of  zinc  chloride  containing  a  small  amount  of  glue,  followed 
by  another  injection  of  a  solution  of  tannin,  the  effect  of  the  tannin, 
it  was  claimed,  being  to  form  with  the  glue  small  particles  of  artifi- 
cial leather,  insoluble  in  water,  which  would  plug  up  the  ducts  and 
retain  the  zinc  chloride.  A  plant  was  in  operation  in  St.  Louis  under 
the  management  of  Mr.  J.  P.  Card.     The  first   timber  treated  was  in 
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TABLE  No.  1. — Examination  of  Ties  on  the  Atchison,  Topeka  and 
Santa  Fe  Eatlkoad. 


At  Topeka. 

July  2d,  1891. 

Kind  of  wood. 

No.  of 
ties. 

Date  laid. 

No.  now 
in  track. 

Destro 
43 

10 
29 

Percent- 
age. 

Years 

in 
crack. 

Colorado  pine 

49 

87 
51 

48 

July  7th,  1881 

ved    by 
49.4 
19.6 
60.4 

Cottonwood 

August  1st,  1882 

8.9 

Sweet  gum 

8.9 

Red  oak 

August  18th,  1882... 

8.8 

At  La  Junta. 

July  6th,  1891. 

May  11th, 

1893. 

March  14th 

,  1897. 

m 

*ji 

* 

. 

tM 

■& 

*M 

£ 

■3 

o  o 

S  ,ri 

oa.S 

&  *; 

te2 

O  a 

Kind  of  wood. 

Date  laid. 

S  eg 

O  Ml 

%2 

a  g 

p  be 

cS  — 

a  g 

O  bL 

o 

£  * 

Oi 

a 

d*2 

<£> 

£ 

fc.a 

P4 

t* 

fc.S 

Pi 

(H 

K3 

PM 

!* 

Black  oak 

49 

May,  1882.. 

49 

100 

9.1 

47 

96 

11 

44 

90 

14.8 

White  cotton- 

wood 

49 

"        " 

47 

96 

9.1 

11 

22.4 

11 

8 

16 

14.8 

Cottonwood. . 

50 

"        " 

46 

92 

9.1 

22 

44 

11 

17 

34 

14.8 

Colorado  pine 

50 

July,  1881.. 

50 

100 

10.0 

20 

40 

11.8 

1879.  In  the  following  years  paving  blocks,  experimental  lots  of  ties 
for  various  railroads  and  miscellaneous  timber  were  treated.  The  ties 
were  laid  in  the  vicinity  of  St.  Louis  and  on  the  Atchison,  Topeka  and 
Santa  Fe  Eailroad.  Kegarding  this  work  O.  Chanute,  M.  Am.  Soc.  C. 
E.,  says: 

"  In  1885  I  went  to  St.  Louis  upon  the  occasion  of  the  repairing  of 
the  St.  Louis  Bridge.  This  had  been  laid  in  1879  with  gum-wood 
blocks  prepared  by  the  Wellhouse  process.  These  blocks,  originally  5 
inches  thick,  had  worn  down  so  thin  as  to  give  trouble,  but  they 
were  sound  after  6  years'  exposure.  Less  than  a  dozen  were  found 
decayed  in  the  whole  length  of  the  bridge.  The  Burnettized  pine 
stringers  were  also  sound,  and  the  local  railroads  reported  ties  treated 
by  the  Wellhouse  process  to  be  a  success,  except  one  lot  laid  in  mine 
screenings  and  'bone'  at  East  St.  Louis." 

Of  the  experimental  ties  put  into  the  tracks  of  the  Atchison, 
Topeka  and  Santa  Fe  Railroad  in  1881  and  1882  examinations  were 
made  by  Mr.  Chanute  in  July,  1891;  of  those  at  La  Junta,  Colo.,  and 
Topeka,  Kans.,  and  in  May,  1893,  and  March,  1897,  at  La  Junta. 
James  Dun,  M.  Am.  Soc.  C.  E.,  kindly  had  examinations  made  in  both 
places  in  December,  1898.  He  found  some  of  the  treated  ties  still  in 
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the  track,  but  the  tin  tags  identifying  each  tie  had  entirely  disap- 
peared, or  had  become  so  badly  scarred  that  no  connt  of  any  value 
could  be  made.  The  records  of  the  previous  examinations  are  given 
in  Table  No.  1  (page  119). 

Atchison,  Topeka  and  Santa  Fe  Railroad  Woeks. 

The  first  road  to  adopt  the  use  of  the  treated  ties,  other  than  as  an 
experiment,  was  the  Atchison,  Topeka  and  Santa  Ft'  Railroad,  of 
which  A.  A.  Robinson,  M.  Am.  Soc.  C.  E.,  was  then  Chief  Engineer. 
This  road,  in  1885,  had  a  plant  built,  under  Mr.  J.  P.  Card's  direction, 
at  Las  Vegas,  N.  Mex. ,  consisting  of  two  retorts  6  ft.  in  diameter 
and  106  ft.  long,  which  operated  on  mountain  pine.  The  Wellhouse 
or  zinc-tannin  process  was  used  except  from  1889  to  1893,  when  the 
Burnettizing  (proper)  method  was  followed.  The  number  of  ties 
treated  was  as  follows : 


1892 187  270 

1893 178  167 

1894 247  566 

1895 256  887 

1896 336  070 

1897 380  523 


1885 111503 

1886 333  298 

1887 189  386 

1888 285  104 

1889 169  174 

1890 105  753 

1891 128  568 

Total 2  909  269 

These  ties  have  been  used  from  Dodge  City,  Kans. ,  to  El  Paso, 
Tex. ,  and  Silver  City,  N.  Mex. ;  and  a  few  in  Eastern  Kansas  and 
Oklahoma  Territory.  The  majority,  however,  have  been  used  in  New 
Mexico.  The  life  of  the  untreated  mountain  pine  is  given  as  not  to 
exceed  4  years.  Complete  records  of  the  treated  ties  are  unobtain- 
able, but  through  the  kindness  of  Mr.  James  Dun,  Chief  Engineer; 
Mr.  H.  U.  Mudge,  General  Superintendent,  and  Mr.  George  W. 
Noyes,  Manager  of  the  Las  Vegas  works,  the  following  facts  have  been 
secured  : 

"  Tbe  New  Mexico  Division  was  built  in  1880,  with  native  untreated 
ties.  We  commenced  renewals  in  1885,  with  native  pine  treated  ties, 
and  since  that  time  no  other  class  of  ties  has  been  used.  The  un- 
treated ties  were,  of  course,  all  removed  prior  to  1893,  so  that  ties 
taken  out  since  that  time  are  evidently  all  treated  ties. 
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"  We  have  assumed  that  after  100%  of  the  original  ties  have  been  re- 
moved, all  ties  taken  out  were  then  treated  ties.  For  the  5  years,  1893 
to  1897,  inclusive,  we  inserted  on  the  New  Mexico  Division,  on  380  miles, 
414  189  treated  ties,  an  average  of  about  217  ties  per  mile  per  year. 
The  renewals  for  this  period  were  about  normal,  the  ties  in  this  track 
being  in  very  good  condition,  therefore,  the  average  life  of  these  ties 
can  be  put  down  as  11  or  12  years. 

"  As  to  peculiarities  in  the  length  of  life  of  ties  due  to  the  character 
of  the  soil,  1  have  to  say  that  in  New  Mexico,  ties  last  much  longer  in 
rock  ballast  than  in  soil,  and  decay  very  much  faster  in  sandy  soil  than 
in  clay.  There  are  still  (July,  1898)  a  great  many  treated  ties  in  track 
branded  1885.  You  will  also  understand  that  a  good  many  of  the  ties 
removed  are  taken  from  sharp  curves  and  were  removed  on  account  of 
being  spike  killed. 

' '  On  the  New  Mexico  Division  we  are  using  treated  native  pine  ties. 
On  other  divisions  we  have  been  using  cedar  and  oak;  usually  oak  in 
main  lines  only.  The  life  of  oak  ties  in  heavy  main  line  service  is  about 
6  years ;  of  cedar  ties  in  light  branch  service,  about  10  years. 

"Relative  to  the  Burnettized  ties  laid  in  1889  to  1893,  we  have  as 
yet  been  unable  to  demonstrate  whether  the  life  of  these  ties  is  less 
than  that  of  the  Wellhouse  process,  as  ties  laid  in  1889  have  not  yet 
shown  signs  of  deterioration." 

Beginning  in  1897,  the  records  of  the  ties  on  the  New  Mexico 
Division  have  been  more  carefully  kept,  and  for  future  years  they  will 
show  the  number  of  removals  and  the  causes.  Mr.  J.  E.  Hurley,  Di- 
vision Superintendent,  has  furnished  a  statement  (Table  No.  2)  cover- 
ing the  years  1897  and  1898. 

TABLE  No.  2. — Tkeatkd  Ties  Removed  on  the  New  Mexico  Division 
of  the  Atchison,  Topeka  and  Santa  Fe  Ratlkoad  in  the  Last  9 
Months  of  1897  and  in  1898. 


-a 

4)  O 

Years  of  Treatment. 

•6 

cc  > 

D 
CS  0) 

1885. 

1886. 

1887. 

1888. 

1889. 

2  459 
5  575 

8  034 

1890. 

2  552 

3  649 

6  201 

1891. 

566 

1  917 

2  483 

1892. 

560 

5  444 

6  004 

1893. 

55 
1  900 

1  955 

1894. 

104 
274 

378 

1895. 

17 
118 

135 

1896. 

10 
49 

59 

> 
< 

1897. . . 
1898. . . 

13  114 

14  580 

17  510 
17  230 

15  527 
24  662 

40  189 

10  327 
18  424 

62  831 

93  822 

lOJyrs. 
10J  " 

27  694  31  77(1 

28  751 

"I  am  not  able  to  give  you  the  exact  number  removed  from  dif- 
ferent causes,  but  would  say  that  1%  of  the  total  will  cover  all  ties 
removed  on  account  of  being  broken  by  wrecks  and  causes  of  a  like 
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nature,  the  balance  being  removed  on  account  of  being  rotten,  worn 
out,"  etc. 

The  average  life  of  the  ties  removed  does  not  quite  equal  that 
estimated  for  them  by  Mr.  Mudge,  but  it  does  not  follow  that  his 
estimate  is  in  error;  although  his  premises  apparently  are.  With  the 
renewal  of  62  831  treated  ties  in  9  months  of  1897,  and  of  93  822  in 
1898  it  is  improbable  that  the  414  189  ties  renewed  in  the  5  years, 
1893  to  1897  inclusive,  could  all  have  been  treated  ties.  It  will  be 
noted  that  the  average  life  of  the  ties  removed  in  1898  was  longer  than 
that  of  those  removed  during  1897;  and  it  is  understood  that  the  1885 
ties  are  not  yet  all  removed.  It  is  natural  to  expect  that  the  life  of 
the  ties  removed  each  year  will  continue  to  increase  for  some  years  to 
come,  certainly  until  all  the  1885  ties  are  removed.  As  the  best  re- 
sults can  hardly  be  expected  from  the  treatment  of  the  first  year,  it 
is  very  probable  that  12  years'  life  will  be  reached  by  these  ties. 

In  the  Las  Vegas  works,  ties  are  steamed  from  2  to  6  hours,  de- 
pending upon  their  condition  when  received,  green  timber  requiring 
longer  time.  They  are  in  a  vacuum  for  h  to  1  hour,  and  under 
pressure  for  2|  to  3  hours.  Prior  to  1890  the  chloride  was  prepared 
at  the  works,  but  since  then  it  has  been  purchased,  in  a  fused  con- 
dition. The  purity  has  varied  from  95  to  97  per  cent.  "  The  amount 
of  zinc  chloride  injected  varies  indifferent  years,  varying  from  0.28 
to  0.47  lbs.  of  chloride  per  cubic  foot  of  timber  treated,  which  in- 
cludes sawn  lumber  of  all  kinds  and  piling."  Seasoned  timber  is 
preferred;  and  after  treatment  ties  are  at  once  shipped  to  their 
destination.  They  are  then  supposed  to  be  unloaded,  piled  up  in 
lots  of  ten,  in  triangular  piles,  so  arranged  that  only  one  end  of  any 
tie  is  on  the  ground;  and  allowed  to  season  for  about  30  days.  In 
point  of  fact,  they  are  generally  put  into  the  ground  immediately, 
full  of  water ;  on  account  of  the  difficulty  in  providing  for  the  de- 
mauds  of  the  road  with  the  present  facilities.  In  Mr.  Noyes'  opinion, 
to  secure  the  best  results,  ties  should  be  seasoned  for  6  months  before 
treatment  and  for  the  same  time  thereafter. 

In  1896  this  plant  was  enlarged  by  the  addition  of  a  third  retort. 
In  1897  a  large  plant,  consisting  of  four  retorts,  was  constructed  by 
private  parties,  at  Somerville,  Tex.,  where  it  is  expected  to  treat 
large  quantities  of  ties  for  the  Santa  Fe  system;  and  this  railroad  has 
just  completed  another  plant  at  Bellemont,  Ariz.,  consisting  of  two 
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retorts,  where  ties  will  be  treated  for  that  part  of  the  system.  The 
officials  of  the  road  express  themselves  as  satisfied  with  the  value  of 
the  treatment,  but  are  discussing  the  relative  values  of  the  zinc- 
tannin  and  the  plain  zinc-chloride  methods.  The  additional  cost  to 
inject  the  glue  and  tannin  amounts  to  several  cents  per  tie;  and  they 
are  in  doubt  from  their  own  experience  whether  the  increased  cost 
results  in  an  increased  life,  and,  if  so,  to  what  extent. 

Union  Pacific  Railroad  Works. 

The  Union  Pacific  Railroad  had  some  experience  with  wood  pre- 
servation in  1867  and  1868  when  works  were  erected  at  Omaha  and 
operated  on  cottonwood  ties  for  1  year,  when  they  were  discontinued 
as  it  was  impracticable  with  the  plant  at  hand  to  prepare  more  than 
one-tenth  of  the  ties  required. 

In  1886  new  works,  consisting  of  two  retorts,  were  erected  at 
Laramie,  Wyo.,  under  Mr.  Chanute's  direction.  They  were  operated 
for  2  years  by  the  railroad,  and  242  000  ties  were  treated,  when  work 
was  suspended  for  reasons  of  temporary  economy.  It  was  also 
reported  to  have  been  because  the  United  States  Government  stopped 
the  cutting  of  ties  on  its  lands,  and  because  of  prejudice  on  the  part 
of  some  one  in  authority.  Whatever  the  reason,  the  works  were  shut 
up,  were  partially  burned  in  1889,  and  were  then  dismantled . 

While  operated,  the  Wellhouse  process  was  used.  According  to 
the  detailed  record  of  the  operation  of  this  plant  from  July  26th  to 
August  21st,  1886,  the  strength  of  the  solution  of  chloride  corre- 
sponded to  1.90  on  the  Beaume  scale,  representing  1.46,%"  of  chloride 
in  the  solution,  and  the  absorption  of  chloride  was  0. 65%"  of  the  weight 
of  the  tie,  or  0.78  lb.  per  tie,  the  timber  (mountain  pine)  weighing 
29.51  lbs.  per  cubic  foot. 

Mr.  Wm.  Ashton,  Division  Engineer  of  the  road,  in  a  letter  to  Mr. 
Chanute,  dated  January  31st,  1898,  speaking  of  the  preserved  ties, 
says  : 

"  This  work  was  done  prior  to  my  assignment  to  this  portion  of 
the  line,  consequently  I  have  not  had  the  opportunity  to  watch  the 
service  given  by  these  ties  fully  as  I  would  have  liked.  For  the  past 
3  or  4  years  I  have  been  observing  what  remained  of  them  and  have 
talked  frequently  with  our  roadmasters,  one  of  whom  I  understand 
has  been  on  the  portion  of  the  line  on  which  these  ties  were  laid  since 
they  were  placed  in  the  track.  From  what  I  know  and  have  been  able 
to  gather  concerning  these  ties  would  state  as  follows: 
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"  Ties  treated  were  native  pine  and  spruce,  Oregon  fir,  elm,  ash, 
maple  and  oak,  by  far  the  larger  number  being  of  native  pine  and 
spruce. 

"  The  native  pine  and  spruce  ties  began  to  fail  in  1893;  those  re- 
moved during  this  year  seemed  to  be  mostly  '  top-cut '  ties.  In  1894 
most  of  the  top-cut  and  middle-cut  ties  were  taken  out,  while  in  1895 
and  1896  practically  all  the  pine  and  spruce  ties  in  the  main  track 
were  removed.  These  ties  were  not  cut  by  the  base  of  the  rail  as 
badly  as  untreated  ties  of  the  same  timber,  and  their  failure  could 
seldom  be  attributed  to  this  cause.  It  was  observed  that  the  heart 
and  bottom  of  these  ties  failed  first,  leaving  a  hard  shell-like  top. 
There  are  still  a  number  of  these  ties  in  sidings. 

"  The  Oregon  fir  ties  were  usually  small,  7x8  ins.,  and  were  found 
to  split  badly  in  spiking.  They  failed  a  year  or  two  sooner  than  the 
native  pine  and  spruce  ties. 

"  The  elm,  ash  and  maple  ties  have  all  been  taken  out  during  the 
past  I  years.  The  service  of  these  ties  would  have  seemed  to  be  about 
the  same  as  those  of  native  pine  and  spruce. 

"  A  few  of  the  oak  ties  are  still  in  the  main  track.  We  find  they 
are  getting  very  brittle  and  are  breaking  badly.  They  will  probably 
all  be  taken  out  during  the  years  1898  and  1899. " 

The  above  report  indicates  an  average  life,  for  the  mountain  pines 

and  spruces  in  the  main  track,  of  about  9  years.     In  January,  1896, 

Mr.  Ashton  read  a  paper  before  the  Denver  Society  of  Civil   Engineers 

on  the  "  Average  Life  of  Cross-Ties  on  Steam  Kailroads  in  Colorado."* 

In  this  paper  he  says  : 

"  Under  ordinary  circumstances  my  experience  on  the  lines  in 
Colorado  has  been  that  ties  of  Colorado  pine,  balsam  and  white  spruce 
will  last  in  track  3i  to  4  years  under  ordinarily  heavy  traffic.  Under 
light  traffic  on  a  well-tied  track,  they  will  probably  average  4  years. 
On  our  main  line  we  usually  take  out  about  half  of  these  ties  after  3 
years'  service,  and  the  balance  the  fourth  year." 

This  would  indicate  the  result  of  treatment  on  these  ties  to  be  an 
unqualified  success,  although  the  life  attained  is.  materially  shorter 
than  that  reported  for  the  Atchison,  Topeka  and  Santa  Ee  Railroad, 
with  practically  the  same  material,  but  perhaps  a  drier  exposure. 

At  the  author's  request,  Mr.  Berry,  the  present  Chief  Engineer,  had 
an  analysis  made  of  the  chloride  of  zinc  remaining  in  one  of  the  moun- 
tain pine  ties  taken  out  of  the  track  in  1898,  after  11  or  12  years'  ser- 
vice. The  analysis  showed  0.146^  by  weight  of  the  chloride,  the 
amount  being  the  same  in  samples  from  the  center  and  from  near 
*  Journal  of  the  Association  of  Engineering  Societies,  Sept.,  1897. 
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the  outside  of  the  tie.  In  the  report  of  Mr.  W.  L.  Eobinson,  chemist 
of  the  road,  he  says:  "The  ties,  when  first  taken  from  the  works, 
seldom  carried  over  0.15%  of  metallic  zinc  "  (or  0.52,%'  of  zinc 
chloride).  "  The  ties  (analyzed)  are  in  a  very  good  state  of  pre- 
servation. " 

Works  at  Chicago,  III. 

This  plant  is  the  successor  of  the  St.  Louis  jolant,  in  which  the 
Wellhouse  process  was  originally  worked  by  Mr.  J.  P.  Card,  and  was 
built  in  1886  by  Mr.  Card  and  Mr.  Chanute,  operating  under  the  name 
of  The  Chicago  Tie  Preserving  Company.  It  consisted  first  of  two 
retorts,  to  which  a  third  was  added  in  1891  and  a  fourth  in  1894,  and 
has  treated,  up  to  December  31st,  1898,  4  007  946  ties  for  the  Chicago, 
Rock  Island  and  Pacific  Railroad,  besides  small  lots  for  other  parties. 
The  usual  methods  of  the  Wellhouse  process  were  followed  until 
1896,  when  a  modification  was  introduced,  consisting  of  the  omission 
of  the  glue  from  the  zinc  chloride  solution  and  the  subsequent  injec- 
tion of  the  glue  separately,  followed  by  a  third  injection  of  the  tannin. 

This  change  was  based  upon  experiments,  and  the  idea  that  the 
admixture  of  glue  with  the  chloride  "solution  lessened  its  fluidity  and 
consequently  increased  the  difficulty  of  securing  the  injection  of  the 
desired  amount  of  the  chloride.  It  might  also  be  argued  that  the 
province  of  the  glue  being  with  the  tannin  simply  to  plug  up  the  ducts 
to  prevent  the  washing  out  of  the  zinc,  the  only  proper  place  for  it  is 
at  the  ends  of  the  ducts  and  medullary  rays;  and  that  it  is  unwise  to 
introduce  into  the  body  of  a  tie  perishable  organic  material,  like  glue, 
to  increase  the  duty  of  the  chloride,  and  where  it  is  practically  im- 
possible to  force  the  tannin  to  it,  by  a  subsequent  injection.  This 
modification,  by  necessitating  three  injections  in  place  of  two,  some- 
what increases  the  expense  of  the  treatment,  and  while  it  is  undoubtedly 
an  improvement,  the  period  of  its  use  has  been  too  short  to  demonstrate 
it,  in  increased  life.  The  best  evidence  of  its  value  is  in  the  increased 
absorption  of  chloride  obtainable. 

The  ties  treated  for  the  Rock  Island  road  have  been  entirely  hem- 
lock and  tamarack.  The  number  by  years  is  given  in  Table  No.  4. 
The  number  of  tamaracks  being  relatively  small,  no  distinction  be- 
tween them  is  made  in  the  following,  except  where  the  tamaracks  are 
specifically  referred  to. 
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It  is  extremely  unfortunate  that  the  records  of  service  of  these  ties 
are  incomplete  and  of  doubtful  value.  It  is  stated  that  practically 
none  of  the  ties  was  removed  from  the  track  until  1892.  At  the  time 
they  began  to  come  out,  instructions  were  issued  by  the  management 
of  the  road,  that  all  treated  ties  removed  should  be  piled  uj)  and  not 
destroyed  until  inspected  by  a  representative  of  the  Tie  Preserving 
Company.  This  was  done  in  1892  and  1893,  except  for  those  re- 
moved from  a  lot  of  39  604  shipped  west  of  the  Missouri  River  in  1886  ; 
the  removals  in  1892  being  2  319  or  2.1%  of  the  ties  laid  6  years  before 
east  of  the  Missouri  River  ;  removals  in  1893,  14  282,  or  3.8%  of  those 
laid  6  and  7  years  before,  in  1886  and  1887,  or  13%  of  those  laid 
in  1886.  The  removals  for  these  2  years,  16  601  ties,  represent  15.3% 
of  those  laid  in  1886  east  of  the  Missouri  River,  so  that  at  this  time 
there  were  still  in  service  84.7%  of  the  ties  laid  7  years  before. 

In  the  years  subsequent  to  1893,  the  ties  removed  were  not 
inspected  and  counted  by  an  agent  of  the  Chicago  Tie  Preserving 
Company,  but  were  reported  by  the  section  foremen  to  the  road- 
masters,  and  by  the  latter  to  the  Superintendent  of  Maintenance  of 
Way,  who  compiled  a  general  statement.  The  removals,  as  given  for 
the  tracks  east  of  the  Missouri  River  for  the  years  1894  to  1897,  are 
shown  in  Table  No.  4.  From  these  statements  of  the  annual  removals 
it  was  computed  by  the  Tie  Preserving  Company  that  the  average  life 
of  the  treated  ties  was  10^  years,  an  increasing  percentage  coming  out 
each  year,  up  to  the  twelfth,  when  all  were  supposed  to  have  been 
removed. 

Within  the  i iast  year  doubt  has  been  thrown  by  some  of  the  railroad 
officials,  upon  the  acciiracy  of  these  yearly  returns,  and  it  has  been 
claimed  that  the  ties  were  averaging  less  than  7  years.  Unfortunately, 
the  ties  were  not  marked  in  any  way  to  indicate  the  year  treated,  until 
quite  recently,  and  there  had  been  very  considerable  changes  in  the 
divisions  of  the  road,  in  the  sections  and  in  the  methods  of  managing 
the  track  system.  The  records  have  become  inextricably  mixed,  so 
that  it  is  impossible  to  determine  when  and  where  the  earlier  treated 
ties  were  laid.  This  reduced  the  question  of  the  average  life  to  a 
matter  of  recollection  and  opinion,  and  while  opinion  had  been  favor- 
able up  to  1894,  it  now  swung  the  other  way.  Finally,  in  July,  1898, 
Mr.  H.  A.  Parker,  Second  Vice-President  and  Chief  Engineer,  ordered 
a  count  by  sections  to  be  made  on  August  1st,  to  determine  how  many 


Papers.]      CURTIS   ON    PRESERVATION    OF    RAILROAD   TIES.  227 

ties  of  each  kind  (oak,  cedar  and  treated  hemlock)  were  then  in  the 
tracks  of  the  road,  each  section  foreman  counting  the  ties  on  his  own 
section. 

The  result  of  this  count  is  shown  in  Table  No.  3. 

TABLE  No.  3. — Ties  in  Tracks  of  Chicago,  Kock  Island  and  Pacific 
Bailroad,  August  1st,  1898. 


Kind  of  tie. 

White 
oak. 

Cedar. 

Treated 
hemlock. 

2  545  240 
345  948 

Pine. 

Treated 
Pine. 

Totals. 

4  541  235 

484  626 

5  025  861 

3  308  675 
877  143 

29  249 
4  586 

93  940 
10  010 

10  518  339 

1  722  313 

4  185  818 

2  891  188 

33  835 

103  950 

12  240  652 

9.7 

21 

12 

13.5 

9.7 

14.1 

The  totals  in  Table  No.  3  represent  averages  of  2  430  ties  per  mile 
in  sidings,  3  050  ties  per  mile  in  main  track  and  2  950  ties  per  mile  in 
all  tracks.  Mr.  Parker  is  satisfied  that  this  total  number  of  all  ties  is 
substantially  correct.  The  treated  pine  ties  shown  in  the  table  were 
treated  at  works  in  Texas. 

It  remains  to  deduce  from  these  figures  the  probable  life  of 
the  treated  ties.  Up  to  the  same  date  (August  1st, 
1898)  there  had  been  treated,   hemlock  and  tamarack 

ties  to  the  number  of 3  860  295 

Less,  shipped  to  the  Bock  Island  and  Peoria  Bailroad  and 

not  in  above  count 72  194 

Total  to  account  for 3  788  101 

"      counted  in  track 2  891  188 

Balance  presumably  renewed  896  913 

The  treated  ties  were  at  that  time  being  shipped  west  of  the 
Missouri  Biver,  a  distance  of  from  500  to  1  000  miles, 
and  many  were  in  transit,  there  having  been  shipped 
from  the  treating  works  during  the  last  ten  days  of 
July,  29  209  ties  ;  and  there  were  also,  certainly,  some 
distributed  but  not  in  track.  Assuming  as  fair  to  de- 
duct for  these  two  items 50  000 

Leaves,  as  the  probable  renewals  846  913 
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This  absorbs  all  the  ties  treated  up  to  9  years  previous,  or  to  the 
close  of  the  treating  season  of  1889,  amounting  to  825  796,  of  which 
21  623  had  been  shipped  to  the  Eock  Island  and  Peoria  Eailroad,  so 
that  the  tracks  under  discussion  received  804  173. 

Leaving,  presumably,  to  come  from  the  ties  treated  in  the  follow- 
ing year,  1890,  42  740. 

This  number  is  17%  of  the  ties  treated  in  1890  and  is  to  be 
deducted  from  the  9  years,  leaving  8.83  years  as  the  probable  average 
life  of  these  treated  ties,  provided  there  was  no  material  error  in  the 
general  count  made  in  August. 

The  author  does  not  consider  this  count  conclusive  as  to  the  life 
of  the  treated  ties  on  this  road.  The  time  thus  determined  is  shorter 
than  indicated  by  the  removals  during  1892  and  1893,  in  the  latter 
year  there  being  still  in  the  track  85%  of  the  ties  laid  7  years  before  ; 
and  as  iudicated  by  ties  laid  on  four  sections  of  the  same  road  west  of 
the  Missouri  River  ;  as  well  as  by  those  tested  on  the  Pennsylvania 
Eailroad  and  the  Duluth  and  Iron  Eange  Eailroad,  as  described  later. 
It  is  extremely  difficult  to  distinguish  the  treated  hemlock  and  tama- 
rack from  cedar,  by  surface  inspection  in  the  track,  if  indeed  it  is  pos- 
sible to  do  so  in  many  cases  without  cutting  the  tie,  and  it  seems  quite 
possible  that  many  treated  ties  may  have  been  reported  as  cedar  ;  but 
in  the  author's  opinion  based  on  personal  experience  with  the  ties,  the 
mistaking  of  cedars  for  hemlocks  and  tamaracks  would  not  be  as  likely 
to  occur.  The  only  reason  given  for  doubting  the  annual  reports 
was  that  they  were  based  on  the  reports  of  the  section  foremen,  and 
had  been  made  in  the  regular  course  of  work,  without  any  especial 
effort  to  secure  accuracy.  Since  the  August  count,  however,  orders 
have  been  issued  to  keep  these  records  accurately,  and  this  paper  has 
been  held  open  until  the  reports  of  the  renewals  for  the  year  1898  be- 
came accessible,  in  order  that  the  probable  value  of  the  previous 
year's  reports  could  be  gauged  by  this  one.  Table  No.  4  gives  this  as 
well  as  all  other  data  that  can  be  secured.  It  will  be  noted  that  the 
total  renewals  on  the  lines  east  of  the  Missouri  Eiver  are  481  947. 
The  total  number  of  treated  ties  put  into  the  same  tracks  for  the 
years  1886,  1887  and  half  of  1888  are  461  765;  so  that,  if  the  annual 
reports  of  ties  removed  are  correct,  all  ties  put  in  since  about 
the  middle  of  1888  are  still  represented  in  service,  and  the  average  life 
of  over  10  years,  as  figured  by  the  Chicago  Tie  Preserving  Company, 
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is  correct.  Since  the  above  was  written  it  has  been  discovered  that 
the  treated  tamaracks  in  the  tracks  west  of  the  river  have  been  con- 
founded with  the  treated  pines  and  reported  as  such — to  what  extent 
is  unknown.  While  the  number  so  omitted  from  the  count  of  the 
"hemlocks  "  cannot  be  very  large,  it  may  be  50  000,  and  the  life  of  the 
treated  ties  would  be  correspondingly  increased. 

All  these  figures,  based  on  removals  without  any  knowledge  of  the 
year  of  treatment  of  the  particular  ties  removed,  are  extremely  un- 
satisfactory and  unscientific ;  but  they  are  the  best  obtainable  and  are 
so  presented. 

Table  No.  4. — Treated  Tie  Record,  Chicago,  Rock  Island  and 
Pacific  Railroad. 


Year. 

No. 
treated. 

Shipped  west 

of  Missouri 

River. 

Shipped  to 
R.  I.  &P.R.R. 

Remainder 
charged  to 

track  east 

of  Missouri 

River. 

Removals 
from  tracks 
east  of  Mis- 
souri River. 

1886....... 

1888 

1889 

1890 

1891 

1892 

1893 

1894 

1896 

1897 

1898 

148  816 
265  377 
201  272 
210  331 
253  245 
339  423 
325  736 
405  267 
430  362 
368  630 
297  252 
425  459 
336  776 

39  604 

981 
15  123 
100  000(50 
110  048 
225  669 
213  613 
324  876 
283  612 

8  048 

3  060 

4  703 

5  812 
27  271 
23  300 

101  164 
262  317 
196  569 
204  519 
225  974 
315  142 
310  613 
305  267 
320  314 
142  961 

83  639 
100  583 

53  164 

2  319 
14  282 
33  344 
62  245 
71  695 
137  708 
160  354 

4  007  946 

1  313  526 

72  194 

2  622  226 

481  947 

In  1886  a  large  number  of  treated  hemlocks  and  untreated  white 
oaks  was  laid  in  the  tracks  on  Sections  1,  2,  5  and  9,  west  of  the 
Missouri  River.  The  renewals  on  these  were  reported  in  the  years 
1891,  1892  and  1893. 

Inquiries  in  1898  showed  that  no  later  separate  accounts  had  been 
kept,  but  the  Roadmaster,  Mr.  J.  D.  Sullivan,  in  September  of  that 
year,  had  a  careful  count  made  to  determine  the  number  then  in  the 
track.  These  various  figures  are  given  in  Table  No.  5.  It  will  be 
noted  that  on  Sections  1  and  2,  28.9,%,  and  on  Sections  5  and  9,  58.8,%, 
of  the  treated  hemlocks  were  still  in  service  after  12  years.  Mr. 
Sullivan  adds  "the  ties  still  iu  the  track  are  in  fair  state  of  preserva- 
tion, and  the  best  will  last  4  years  more."  The  record  of  the  oaks  is 
also  given  in  Table  No.  5. 
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TABLE  No.  5. 


Renewed 

Renewed 

Renewed 

No.  in  Track 

■r. 

in  1891. 

in  1892. 

in  1893. 

Sept..  1898. 

-»i 

= 

=    . 

=   . 

z 

-  - 
g  u 

-  i 

:-  u 

-  -. 

.-  EH 

r    -" 

z 

z 

- 

z  - 

o 

r  = 

0 

jj   - 

Z 

Z 

ft 

Z 

ft 

" 

Ch 

Z 

ft 

Percentage 
removed. 


Treated  Hemlock. 


1.. 

2.. 

5.. 
9.. 

.    8  000 
.    8000 
.    :',  050 
.    2  300 

0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

200 

425 

67 

0 

2.5 
5.3 

2.2 
0 

1  488 
3  137 
1  963 
1  477 

18.6 
39.2 
64.4 
52.7 

81.4i 
60.8  \ 
35.6i 
47.2  ] 

Average,  71 . 1 
Average,  41.2 

21  850 

0 

0 

0 

0 

692 

3.2 

8  065 

36.9 

63.1 

1    ,,, 

10  000 

0 

0 

187 

2,., 

l 0 

418 

4.2 

658 

5 

15  000 

150 

1.0 

576 

9.... 

IS  200 

282 

1.8 

685  | 

50  200 

850 

1.7 

2  406 

Natural  White  Oak. 
4.9       800 
6.6    1  120 
3.8       805 
4.5    1  335 


4.8    4  060 


8.0 
11.2 
5.4 
8.8 

3  184 

1  983 

2  732 

4  979 

31.8 
19.8 
18.2 
32.7 

8.1 

12  878 

25.6 

68.2  i 
B0.2 
81.8* 

67.3  I 


Average.  74 . 1 
Average,  74.5 


74.4 


Mr.  Sullivan  states  tliat  in  2  years  practically  all  the  oaks  will  have 
been  removed. 

On  Sections  1  and  2,  71%"  of  the  hemlocks  and  74%"  of  the  oaks  had 
been  removed  after  12  years  and  on  Sections  5  and  9,  4:1%  of  the  hem- 
locks and  74%  of  the  oaks.  As  to  the  variation  in  the  life  of  the  hem- 
lock on  the  different  sections,  Mr.  Sullivan  says: 

"  The  cause  is  the  difference  in  dirt  and  ballast,  Sections  1  and  2 
being  close  to  the  Missouri  River,  and  dirt,  largely  silt  and  sand,  with 
3  miles  of  rock  ballast  in  the  former.  Sections  5  and  9  are  24  and  48 
miles  west  of  the  river,  and  the  ground  is  largely  black  firm  prairie 
loam.  All  kinds  of  woods,  except  cedar,  are  short-lived  in  river  bottom 
and  bluffs." 

If  the  hemlocks  now  in  the  tracks  last  4  years  longer,  for  the  best, 
as  Mr.  Sullivan  states,  it  is  fair  to  put  the  average  remaining  life  of 
all  the  ties  now  in  at  2  years.  On  this  basis  the  average  life  of  all  the 
treated  ties  would  figure  for 

Section  1 10.27  years. 

2 11.13       " 

5 12.34       " 

9 11.62       " 

or  for  all  four  sections  11  years.      These  averages  are  derived  thus, 
taking  that  for  the  four  sections  as  an  example: 
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Renewed  in  1893.  after  7  years' service    3.16     x         7    =  22.12 
1894,  1895,  1896,  1897  and 

1898  (average  9.}  years.  59.94     X         9^  =  569.43 
Remaining  in  track  now,  good  for  2 

vears  more 36.9     x       14    =  516.60 


100.00  x  11.08  =  1108.15 
Average,     11.08  vears. 


The  life  of  the  treated  ties  on  this  road  has  undoubtedly  been  less 
than  is  readily  obtainable  by  a  more  rational  practice  than  was  the 
custom  prior  to  1895.  Until  then  the  Tie  Preserving  Company  treated 
all  ties  sent  to  it,  regardless  of  their  condition  as  to  moisture  or 
soundness.  Since  1895  this  has  been  changed,  and  the  ties  are  re- 
inspected,  when  received  at  the  works,  by  the  Preserving  Company's 
men.  and  if  not  sound  are  condemned  and  turned  back  to  the  tie  con- 
tractor; and  if  the  ties  are  too  wet  for  treatment,  they  are  piled  up 
until  sufficiently  dry  to  take  the  proper  amount  of  chloride. 

In  1890  the  Chicago  Tie  Preserving  Company  treated  some  experi- 
mental ties  for  the  Duluth  and  Iron  Range  Railroad.  These  consisted 
of  85  white  pines,  85  tamaracks,  and  86  Norway  pines.  They  were  cut 
during  the  winter  of  1889-90,  treated  in  October,  1890,  and  placed  in 
track  very  soon  after,  together  with  10  Norway  pine.  10  white  pine 
and  10  tamarack  untreated  ties,  which  were  cut  at  the  same  time  and 
off  the  same  land  as  those  subjected  to  treatment. 

•'  The  roadbed  in  which  these  ties  were  laid  is  in  glacial  drift  and 
is  what  you  might  call  gravelly  hard-pan.  carrying  some  lime,  and  the 
drainage  is  good;  the  ballast  is  a  fairly  clean  and  reasonably  coarse 
gravel. " 

Mr.  J.  L.  Greatsinger,  President  and  General  Manager,  had  an  ex- 
amination of  these  ties  made  in  February.  1898.  and  wrote  Mr.  Chanute 
as  follows: 

"In  the  winter  of  1895  and  1896.  we  were  obliged  to  tear  up  the 
track  with  dynamite  where  these  ties  were  originally  laid.  In  doing 
so,  very  few  of  them  were  broken,  but  nearly  all  of  them  went  through 
the  ordeal  remarkably  well  and  were  relaid  in  double  track  in  the 
spring  of  1896,  as  the  grade  at  this  point  was  lowered  about  8  ft. 
At  this  time  an  inspection  was  made  of  them,  and  it  was  decided  to  lay 
part  of  them  the  same  side  up  as  before,  while  a  few  of  each  kind  were 
reversed;  and  as  the  same  rails,  80  lbs.,  were  used  in  relaying,  it  did 
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not  necessitate,  except  in  a  few  instances,  making  new  spike  holes,  and 
where  this  was  done  the  old  holes  were  plugged. 

"  While  we  have  but  5  or  6  ins.  of  snow,  yet  it  is  difficult  to  give  as 
close  a  report  on  their  condition  at  this  time  as  it  will  be  next  spring, 
but  I  am  now  able  to  report  as  follows: 

"  White  Pine  (One  Notch). — The  rail  has  cut  into  the  tie  but  very- 
little,  the  greatest  depth  being  |  in.  By  cutting  into  the  top  of  one  of 
the  ties,  the  wood  appeared  apparently  as  good  as  new. 

"  Tamarack  (  Two  Notches). — The  rail  has  cut  into  them  a  little  more 
than  the  white  pine;  about  i  in.  All  sound,  and  otherwise  appear  as 
good  as  new. 

'•  Norway  (Three  Notches). — The  rail  has  cut  into  these  about  the 
same  as  tamarack,  a  \  -in.  cut  in  the  top  of  the  tie.  Found  the  wood 
in  fair  condition,  but  not  as  good  as  either  tamarack  or  white  pine. 

"In  general  terms,  the  process  of  preservation  has  not  only  pre- 
vented decay,  but  has  made  the  wood  much  denser,  thus  materially  re- 
ducing the  cutting  usually  done  by  the  base  of  rail,  and  judging  from 
the  results  already  attained,  these  ties  are  yet  good  for  15  years,  and, 
had  we  used  tie  plates,  for  a  much  longer  time,  as  the  destruction  of 
the  tie  will  be  from  wear  and  not  from  decay. 

"  Next  spring  I  will  take  out  some  of  each  kind  and  send  you  some 
sections  of  them  under  the  rail  bearing  and  through  the  spike  holes, 
which  will  enable  you  to  see  the  effect. 

"I  send  you  by  express,  some  pieces  that  were  cut  from  the  ties  the 
first  of  this  month,  for  your  inspection.  I  consider  this  a  good  show- 
ing, as  our  service  on  ties  is  the  most  severe  of  any  I  know  of  in  this 
country,  as  there  have  been  times  when  we  have  averaged  for  every  day 
in  the  month  over  100  trains  passing  over  them  every  24  hours.  Our 
heaviest  standard  locomotive,  ready  for  service,  weighs  about  120  tons, 
and  our  average  ore  car,  loaded,  carrying  24  gross  tons  in  a  car,  itself 
weighing  about  24  000  lbs. ;  length  over  all,  24  feet." 

In  response  to  an  inquiry  by  the  author,  Mr.  Robert  Angst,  Chief 
Engineer,  under  date  of  June  22d,  1898,  writes: 

"The  untreated  ties  you  inquire  about  have  reached  the  end  of  their 
career,  and  are  now  in  the  ash  heap.  They  were  a  fair  average  of  the 
untreated  ties  on  our  line,  the  effective  life  being  between  7  and  8 
years." 

In  1891,  200  tamarack  and  200  hemlock  ties  were  treated  for,  and 
placed  in,  the  tracks  of  the  Pittsburg,  Fort  Wayne  and  Chicago  Rail- 
way. Thomas  Rodd,  M.  Am.  Soc.  C.  E.,  Chief  Engineer,  says  of  them 
(1898) : 

"After  these  ties  were  put  in  the  track  we  watched  them  pretty 
carefully  aud  for  about  3  years  they  cut  rather  more  than  an  oak  tie. 
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After  that,  however,  they  seemed  to  cut  less  than  an  oak  tie,  and  are 
to-day  in  good  shape  in  our  main  track." 

In  the  spring  of  1898  two  of  these  ties  had  decayed,  and  were  re- 
moved. An  examination  after  removal  satisfied  Mr.  Chanute  that  the 
two  ties  were  from  dead  trees,  and  their  failure  after  7  years'  service  he 
attributes  thereto.  In  1896  and  1897  the  same  road  put  in  track  about 
50  000  hemlock  preserved  ties;  and  during  1898  there  have  been  treated 
for  it  13  000  beech  and  11  000  black  and  red  oaks. 

The  Maintenance  of  "Way  Committee  of  the  Association  of  Trans- 
portation Officers  of  the  Pennsylvania  Lines  made  a  full  report  on  the 
subject  of  ties  2  or  3  years  ago,  in  which  it  was  recommended  that 
100  000  ties,  preserved  with  zinc  chloride,  should  be  laid  each  year  on 
their  lines. 

There  have  been  a  number  of  ties  treated  for  the  Eock  Island  and 
Peoria  Railroad,  a  subsidiary  line  of  the  Chicago,  Rock  Island  and 
Pacific  Railroad,  operated  under  separate  management.  An  effort  was 
made  to  secure  data  from  this  road  as  to  its  experience  with  these  ties, 
but  nothing  but  very  general  statements  could  be  had.  Prom  the 
Chicago,  Rock  Island  and  Pacific  Railroad  it  was  learned  that  the 
number  of  treated  ties  delivered  to  the  road  was  as  follows : 

1886 8  048 

1887 3  060 

1888 4  703 

1889 5  812 

1890 27  271 

1891 23  300 

Total 72  194 

In  response  to  an  inquiry,  Mr.  J.  E.  Breckenridge,  Roadmaster, 
wrote,  under  date  of  June  27th,  1898: 

"Our  ballast  at  that  time"  (when  the  ties  were  put  in)  "was 
mostly  gravel,  and  cinders  in  places  on  top  of  gravel.  On  prairie  soil, 
gravel  ballast,  ties  lasted  about  4  years  ;  on  timber  soil,  gravel  ballast, 
about  7  years;  around  coal  shafts  with  slack  ballast,  about  3  years.  I 
think  those  ties  might  have  done  better  had  they  been  piled  up  for  one 
year  and  got  thoroughly  dry.  The  ties  seemed  to  come  to  us  from 
the  vat,  and  were  generally  put  in  track  very  soon  after  they  were  re- 
ceived." 
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In  reply  to  a  later  inquiry  as  to  the  number  and  location  of  any  ties 
still  in  track,  Mr.  Breckenridge  wrote:  "There  are  none  of  the  ties 
you  speak  of  in  track  now." 

The  author  could  see  no  reason  to  expect  any  such  short  life  for  the 
ties  as  this  indicated,  judging  from  the  experience  of  others  with 
them;  and  as  inquiries  of  the  higher  officials  of  the  road  produced 
similar  views  to  those  of  Mr.  Breckenridge,  it  was  determined  to  test 
by  actual  examination  and  count,  the  statement  as  to  the  ties  being  all 
out;  and  to  determine  the  reason,  if  such  was  the  fact.  Accordingly, 
S.  McM.  Rowe,  M.  Am.  Soc.  C.  E.,  who  was  for  some  time  in  charge  of 
the  Las  Vegas  treating  works,  was  engaged  to  walk  over  the  entire  line 
of  118  miles  and  count  all  the  treated  ties  he  could  find.  Mr.  Rowe 
made  this  examination  in  November  and  December,  1898,  and  in  his  re- 
port practically  gave  the  number  of  ties  on  each  mile  separately,  so 
that  his  count  could  be  readily  verified  or  disproved.  He  absolutely 
identified  20  272  treated  ties  and  estimated  that  there  were  2  000  more 
covered  by  snow  or  surplus  ballast — practically  30%"  still  in  service — 
indicating  how  easy  it  is  to  lose  the  reckoning  of  ties  in  track.  Mr. 
Rowe  states: 

"  The  ballast  consists  about  as  follows:  From  Rock  Island  yard  to 
Milan,  mostly  sand,  quite  fine,  taken  from  local  sand  pit.  The  main 
line  eastward  as  far  as  Toulon  is  mainly  fine  gravel,  some  places  very 
profuse,  covering  the  ties  many  places  so  as  to  prevent  inspection, 
while  much  of  the  distance  the  ballast  is  thin. 

"  Almost  all  of  the  coal  branch,  and  that  portion  of  the  main  line  east 
of  Toulon,  is  ballasted  with  burnt  clay,  a  very  good  material  for  the 
purpose.  The  burnt  clay  ballast  is  in  ample  quantities,  covering  the 
track  entirely  for  considerable  distances  and  banked  against  the  ends 
of  the  ties  so  as  to  materially  retard  drainage. 

"  In  consequence  of  this,  the  track  is  down  and  ties  are  churning 
in  the  softened  track.  To  what  extent  this  has  affected  the  lasting 
qualities  of  the  cross-ties,  I  am  not  prepared  to  say,  but  the  matter  is 
here  noticed  with  reference  to  that  question. 

"  The  identification  of  the  treated  hemlock  ties  was  not  difficult,  as 
the  ^rain  of  the  wood,  the  presence  of  bits  of  the  bark  and  the  well- 
defined  shade  of  the  surface  of  the  timber,  were  all  an  aid  in  this;  but 
the  most  striking  characteristic  of  the  hemlock  was  what  I  would  call 
its  'integrity  ';  that  appearance  of  soundness  of  wood,  and  especially 
the  absence  of  material  wear  under  the  rail.  To  fully  understand 
this,  a  personal  examination  is  necessary,  as  while  the  superiority  of 
these  treated  ties  is  so  marked,  the  actual  condition  is  hard  to  put  into 
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words  to  express  it  fully.  This  is  especially  noticeable  between 
Crampton  and  Orion  on  the  Cable  Branch. 

"  In  regard  to  the  identification  of  the  tamarack  it  was  found  very 
difficult,  as  the  difference  of  the  grain  from  that  of  the  cedar  was  less 
market!,  and  only  the  greater  firmness  of  the  wood  and  the  shade  of 
color  due  to  the  treatment  were  available,  and,  in  consequence,  many 
were  missed  in  checking. 

"  Without  a  more  searching  examination  of  these  ties  yet  in  track, 
it  is  difficult  to  form  an  opinion  as  to  the  time  they  will  serve.  I 
would  judge  that  perhaps  25%  would  be  removed  in  a  relaying  of  the 
track,  and  that  the  service  of  the  other  75%  would  be  from  2  to  5  years 
if  properly  handled.  Very  few  of  the  ties  (hemlock)  were  found  in 
the  waste  piles. 

' '  The  resistance  to  rail  wear  was  remarkable,  and  when  the  hem- 
lock was  laid  with  oak,  the  wear  was  inappreciable.  When  laid  here 
and  there,  interspersed  with  cedar,  the  wear  was  greater,  but  still  in- 
significant compared  to  that  of  the  cedar,  and  this  fact  aided  very 
much  in  finding  them." 

Southern  Pacific  KaujRoad. 
The  profession  and  the  railroads  owe  a  great  debt  to  Mr.  J.  Krutt- 
schnitt,  General  Manager  of  the  Southern  Pacific  Company,  for  the 
very  careful  and  complete  manner  in  which  he  has  had  kept  the  rec- 
ords of  the  ties  treated  and  used  on  his  road.  His  is  the  only  com- 
pany which  can  furnish  complete  data  on  the  subject;  and  when  the 
labor  entailed  is  considered,  especially  after  preliminary  tests  have 
indicated  the  success  of  the  treatment,  so  that  there  is  some  confi- 
dence in  it,  it  is  the  more  remarkable  that  he  has  so  consistently  and 
constantly  devoted  so  much  of  his  own  time  to  it,  as  is  necessary  to 
insure  its  continuance.  There  can  be  no  question  of  the  value  of 
these  records  to  the  railroad,  and  the  slight  expense  is  thoroughly 
justified,  and  would  be,  even  if  much  greater  than  it  is.  One  of  the 
difficulties  in  connection  with  the  treatment  of  ties  in  the  United 
States  in  the  near  future  is  likely  to  be  this  one  of  proper  records. 
Treated  ties,  like  the  untreated  ones,  will  show  great,  and,  to  the 
casual  or  superficial  observer,  entirely  unaccountable,  variations  in 
life;  and,  unless  it  is  possible  to  determine  definitely  by  total  averages 
.  the  life  secured  from  the  ties,  there  are  apt  to  be  periods  when  those 
in  authority  will  conclude — from  impressions,  not  records — that  treat- 
ment is  a  failure  and  a  waste  of  money.  Even  under  favorable  condi- 
tions, ties  will  develop  eccentricities  which  will  demand  investigation 
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and  expert  consideration,  if  the  best  results  are  to  be  obtained.  This 
has  been  the  case  already  in  several  instances  in  the  United  States  and 
abroad,  and  as  more  roads  adopt  the  process  and  attempt  to  let  it 
run  itself,  failures  are  bound  to  occur,  without  the  records  which,  if 
properly  kept,  would  indicate  the  cause  and  permit  the  remedy  to  be 
applied. 

All  the  treated  ties  on  the  Southern  Pacific  Railroad,  except  the 
bridge  ties,  which  are  creosoted,  are  preserved  by  the  old  original 
Burnettizing  method,  viz.,  the  injection  of  chloride  of  zinc  only, 
with  no  other  treatment  to  prevent  the  leaching  out  thereof.  The 
use  of  these  ties  was  commenced  on  the  Texas  and  New  Orleans  road, 
a  part  of  the  Southern  Pacific,  Atlantic  System,  in  1887,  and  until 
1891  they  were  treated  at  the  works  of  the  Houston  and  Texas  Cen- 
tral Railroad,  at  Houston,  Texas;  after  that  date,  at  the  plant  of  the 
Southern  Pacific  road,  erected  near  the  same  place. 

The  operations  on  this  road  are  described  in  a  very  complete  and 
thoughtful  report  made  to  Mr.  Kruttschnitt  by  Mr.  J.  T.  Mahl,  Engi- 
neer of  Maintenance  of  Way  of  the  Atlantic  system,  under  date  of  July 
9th,  1898.  The  following  data  are  from  this  report,  supplemented  by 
information  in  letters  by  Mr.  Kruttschnitt;  the  quotations  are  from 
from  the  report : 

"  The  timber  treated  is  long-leaf  and  short-leaf  yellow  pine  from 
Eastern  Texas  and  Western  Louisiana."  It  is  all  sap  wood,  and,  un- 
treated, has  a  life  of  only  li  to  3  years,  being  the  cheajjest  wood  ob- 
tainable. The  heart  wood  of  the  same  timber,  untreated,  would  have 
a  life  of  from  6  to  9  years. 

"  It  is  felled  at  all  the  seasons  of  the  year,  and  no  attempt  is  made 
to  season  it,  either  before  cutting  into  ties  or  after  receiving  it  at  the 
works,  previous  to  treatment."  However,  "in  treating  the  large 
number  of  ties  we  are  called  on  to  treat  for  this  company  and  its 
affiliated  lines,  some  timber  necessarily  must  be  stored  at  the  works, 
and  this  receives  natural  seasoning  to  some  extent.  When  ties  are 
treated  some  care  is  taken  in  charging  the  cylinders  to  fill  them  as 
nearly  as  possible  with  ties  of  the  same  age,  so  as  to  secure  uniform 
treatment;  for  if  green  ties  and  ties  which  had  been  seasoned  for  3 
to  6  mouths  were  subjected  to  the  same  treatment,  the  percentage  of 
absorption  of  the  seasoned  ties  would  be  much  greater  than  the  ab- 
sorption of  the  green  ties. " 

The  strength  of  the  solution  of  chloride  formerly  used  was  2£°  of 
the  Beaume  scale,  corresponding  to  1.7%  of  chloride;  and  from  0.70  to 
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0. 75%  by  weight  of  the  pure  chloride  was  injected.  As  many  ties 
shattered  and  split  under  traffic,  it  was  concluded  that  the  strength 
and  quantity  of  the  injection  was  too  great,  and  this  has  been  grad- 
ually reduced  until  the  strength  is  now  represented  by  2^°,  and  the 
quantity  is  from  0.50  to  0.55  per  cent.  In  the  author's  opinion,  this 
is  probably  a  mistake.  In  Table  No.  9  it  will  be  noted  that  of  92  206 
ties  removed  from  six  districts  during  2  years  and  4  months,  87,%" 
were  rotten,  and  only  11%  were  removed  because  of  shattering.  Of 
course  the  limiting  line  between  decay  induced  by  shattering  under 
the  rail  and  that  acting  on  the  tie  generally  is  difficult  to  define,  and 
these  figures  may  not  fairly  represent  the  relative  difficulties  from  the 
two  causes.  This  trouble  with  shattering  has  been  found  elsewhere 
with  different  material  and  with  very  much  higher  strengths  and 
larger  quantities  of  the  chloride,  without,  however,  developing  into 
any  very  serious  matter.  The  German  practice  at  some  works  is  to 
use  a  solution  3°  strong,  and  the  specifications  for  treatment  at  the 
J.  Euetgers  Works  require,  in  case  of  green  or  close-grained  wood,  into 
which  it  is  impossible  to  inject  the  required  amount  of  solution  of 
3°  strength,  that  this  strength  shall  be  increased  even  up  to  44°,  so 
as  to  secure  the  presence  of  an  equivalent  amount  of  the  zinc  chloride 
in  all  ties.  The  Chicago  Works  use  at  times  a  3.8°  solution  and  now 
inject  1%  of  chloride;  and  yet,  out  of  4  000  000  ties  treated,  not  one 
broken  tie  has  been  reported.  The  proportion  of  those  shattered  to 
pieces  is  unknown,  but  is  believed  to  be  small. 

The  best  German  expert  advice  is  to  the  effect  that  the  change  in 
strength  from  2i  to  2|°  is  entirely  too  small  to  affect  at  all  the  strength 
of  timber.  If  the  shattering  at  any  time  exceeded  or  nearly  approached 
the  destruction  by  rot,  it  was  more  probably  due  to  the  use  of  excessive 
heat  or  impure  chloride. 

' '  With  few  exceptions  the  treated  ties  have  been  used  exclusively 
in  the  main  line  between  Houston  and  El  Paso,  a  distance  of  about  836 
miles."  Tables  Nos.  6,  7  and  8,  give  very  complete  data  as  to  the  life 
of  ties  on  the  Atlantic  system,  which  includes  the  above. 

To  obtain  the  information  regarding  treated  ties  ' '  it  has  been  the 
practice  of  the  company  to  stamji  the  ends  of  the  ties,  immediately 
after  treatment,  with  a  brass  die  giving  the  month  and  year  of  treat- 
ment. Track  foremen  have  been  required  to  put  the  stamped  ends  of 
all  ties  upon  the  same  side  of  the  track,  that  is  to  say,  on  the  right 
haud  goiug  from  New  Orleans  to  El  Paso.     Foremen  are  provided  with 
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an  especially  prepared  blank  on  which  they  are  required  to  report  at 
the  end  of  each  month,  the  number  of  treated  ties  of  the  same  date, 
removed  by  them;  also  the  causes  of  removals  of  these  ties,  that  is  to 
say,  whether  rotten,  shivered  or  broken,  or  from  miscellaneous  causes. 
These  reports  are  then  forwarded  to  the  office  of  the  Engineer  of  Main- 
tenance of  \Yav.  where  thev  are  consolidated." 


TABLE  No   6. — Classification  of  Ties  in  Track,  Atlantic  System, 
Southern  Pacific  Railroad,  June  30th,  1897. 


Kind. 

Total  number.             Percentage  of  whole. 

Cypress 

3  051  476 

1  019  435 

42  804 

1  704  012 

323  371 

9  214 

49.6 

Untreated  heart  pine 

16.6 

Creosoted  ties,  principally  bridge  ties. 
Burnettized  sap  pine 

0.7 
27.7 

California  red-  wood 

5.3 

Oak 

0.1 

Totals 

6150  312                                    100.0 

TABLE  No.  7. 


-Tie  Renewals,  Atlantic  System,  Southern  Pacific 
Railroad. 


Year. 

Miles  of  track 
including  sidings. 

Number  of  ties 

renewed  of  all 

kinds. 

Percentage  of        Average  per- 
removals  to  total  centage  per  year 
in  use.                 for  5  years. 

1887  . 

1  931.56 
1946.86 

2  018.66 
2  025.22 
2  049.07 
2  063.18 
2  085.32 
2  128.65 
■2  175.97 
2  192.87 
2  198.28 

498  581 
589  969 
508150 
410  153 
497  617 
495  287 
428  053 
365  393 
430  014 
431628 
231460 

9.8 
11.5 
9.5 
7.5 
9.2 
8.8 
7.3 
6.1 
7.0 
7.0 
3.8 

1888 

1889 

1890 

1891 

1892 

1893 

1894 

1895 

9.5 

1896 

1897* 

7.24 

*  For  6  months  only,  from  January  1st,  1897,  to  June  30th,  1897. 


The  figures  for  removals  in  1893  include  the  removals  of  previous 
years,  separate  figures  for  which  were  lost. 

"It  will  be  observed  from  Table  Xo.  8  that  nearly  all  the  1887  ties 
have  been  removed,  whilst  an  unusually  large  number  of  1888  have 
also  been  taken  out.  Our  records  for  these  years  show  that  a  large 
percentage  of  the  removals  was  due  to  the  ties  having  been  shivered 
and  broken." 

This  is  attributed  to  the  fact  that  during  the  first  few  years  the 
timber   was   overheated,   the  temperature  in  the  cylinders  being  at 
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TABLE  Xo.  8. — Treated  Ties  Laid  and  Eenewed,  by  Years.  Atlantic  System, 
Southern  Pacific  Eateroad. 


Year  Treated. 

1887. 
4  144 

1888. 

1889. 

1890. 

1891. 

1892. 

1893. 

1894. 

1895. 

1896. 

1897. 

No.   of    treated 
ties     laid      in 
same  year.  . . . 

118  098 

196  365 

212  677 

180670 

247  1711 

179  229 

190  769 

190  802 

165  783 

86  737 

£  o  i     Year  re- 
~  ■-  -    .  moved. 

-      -  s     1893 

472 

1020 

1  156 

1401 

95 

3  199 
3602 
10  665 
16  883 
9  419 

528 

547 

3  337 

5  545 

3  867 

69 

67 

940 

3  536 

4424 

Total 

removed. 

4  268 

5244 

16  604 

28  961 

19  485 

r~  -  -      1894... 

s   

185          46 
936         33fi 

"269" 
177 
120 

6"::::::: 

18         129 



|£ij  1897^:: 

1035 

444 

79 

1 

1 

Total      number 

4  144 

43  768 

13  824 

9036 

2  164 

826 

566 

103 

130 

1 

74  562 

Number      of 
years    laid    in 
track  on  Julv 

1st    1897 

10 

9 

8 

7 

6 

Percentage    re- 
maining       in 
track  Julv  1st. 
1897. 

0 

63 

93 

96 

98.8 



*  These  figures  are  for  six  months  only,  from  January  1st  to  June  30th.  1^97. 

times  as  high  as  300°  Fahr. ;  and  also  to  the  strength  of  the  solution. 
The  latter  has  already  been  commented  upon.  The  average  life  of 
the  ties  treated  in  1887,  considering  the  472  reported  as  removed  in 
1893  as  actually  coming  out  that  year,  is  8  years,  the  amount  of  error 
from  this  assumption  being  small.  Of  the  later  years  the  average  life 
of  the  ties  treated  cannot  now  be  figured,  as  many  of  them  are  still  in 
service.  Of  the  1888  ties  63%  were  still  in  track  after  9  years'  service; 
of  the  1889  ties,  93%  after  8  years'  service;  of  the  1890  ties,  96 %  after  7 
years'  service. 

It  is  not  claimed  that  the  decrease  in  the  percentage  of  renewals  of 
ties  of  all  kinds  during  the  past  10  years  from  an  average  per  year  of 
9.5%  for  the  years  1887-91,  to  an  average  of  7.24%  for  the  years  1892- 
96,  is  due  solely  to  the  use  of  the  preservative  process;  but.  in  the 
opinion  of  Mr.  Kruttschnitt,  that  is  an  important  factor  in  it.  He 
says: 

"  Many  years  ago  I  became  convinced  that  the  greatest  economies 
that  could  be  effected  in  railroad  operation  would  be  those  effected  by 
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the  treatment  of  timber.  From  the  year  1885  when  I  assumed  charge 
of  the  Atlantic  System,  I  have  been  consistently  working  to  the  policy 
of  using  nothing  but  Burnettized  or  creosoted  ties  or  redwood  and 
Cyprus.  The  California  redwood,  when  protected  against  crushing, 
is  practically  everlasting,  and  our  statistics  show  the  gradual  increase 
in  the  number  of  what  we  might  call  permanent  ties,  and  a  gradual 
decrease  of  untreated  pine  and  oak.  We  hope  within  the  next  3  or  4 
years  to  make  the  latter  disappear  entirely.  The  reduction  in  the 
number  of  ties  renewed  per  mile  is  due  to  three  causes: 

' '  First.  — Treatment  of  timber. 

"Second. — Reduction  in  the  use  of  heart  pine  and  increase  in  the 
use  of  redwood  and  Cyprus. 

<<  Third.— To  tie  plating." 

Quoting  again  from  Mr.  Mahl's  report: 

"  The  objection  to  the  Burnettized  ties,  as  we  have  treated  them,  is 
that  moisture  will  dissolve  the  chloride  around  the  ends  and  outer 
surface  of  the  ties,  thus  leaving  an  outer  shell  unpreserved,  the  tim- 
ber in  the  same  having  resumed  its  natural  condition,  which,  for  the 
class  of  ties  we  use,  is  poor,  indeed.  The  extent  of  this  washing  out 
of  the  zinc  is  dependent  upon  the  annual  rainfall,  the  quality  and 
cross-section  of  the  ballast  used  and  the  efficiency  of  the  drainage." 

The  effects  of  moisture  on  the  ties  in  the  different  sections  being 
merely  conjectural,  beginning  in  1896  the  records  were  so  arranged 
as  to  permit  each  roadmaster's  district  to  be  studied  independently. 
The  results  so  far  obtained  can  be  considered  as  indicative  only,  but 
they  are  interesting. 

The  Glidden  District  has  a  length  of  main  line  of  86  miles,  begin- 
ning at  Houston,  Tex.,  and  extending  west  to  Glidden.  It  runs  through 
a  low  flat  country,  and  is  ballasted  with  coarse  gravel  which  extends 
3  ins.  above  the  ties  at  the  center  of  the  track  and  slopes  so  as  to  leave 
the  ends  of  the  ties  free.  The  ballast  is  8  ins.  thick  under  the  ties. 
The  average  yearly  rainfall  at  Houston  is  49  ins.,  which  is  a  fair  allow- 
ance for  the  entire  division.    A  61^-lb.  rail  with  a  4^-in.  base  is  used. 

The  San  Antonio  District  joins  the  preceding  at  Glidden  and  ends 
at  San  Antonio,  Tex.  It  has  a  length  of  main  line  of  121  miles.  The 
profile  is  undulating,  the  line  crossing  the  drainage  of  the  country. 
A  61^-lb.  rail,  with  a  4J-in.  base,  is  used.  The  ballast  is  the  same  as 
for  the  Glidden  District,  and  the  roadbed  is  well  drained.  The  average 
yearly  rainfall  at  San  Antonio  is  29.5  ins.,  and  30  ins.  can  be  assumed 
as  the  precipitation  for  the  San  Antonio  District. 

The  Del  Rio  District  has  a  length  of  main  line  of  170  miles.     The 
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profile  is  undulating,  and  there  are  some  grades  of  1  per  cent.  The 
roadbed  is  of  standard  cross-section,  well  drained,  and  is  ballasted 
with  coarse  gravel.  A  50-lb.  rail,  with  a  3|-in.  base,  is  used.  The 
rainfall  for  the  District  is  given  by  the  Government  Report  on 
Climate,  for  1896,  as  between  20  and  30  ins. 

The  Sanderson  District  has  138  miles  of  main  line,  and  runs  almost 
entirely  through  mountainous  country,  with  maximum  grades  and 
curves  of  1%  and  10°,  respectively.  The  rail  is  half  60db.  and  half 
50-lb.  There  is  no  ballast,  the  ties  lying  on  the  natural  bed  of  soil 
and  rock.  The  rainfall  is  less  than  for  the  Del  Eio  District,  being 
given  in  the  Government  report  as  from  10  to  20  ins. 

The  Valentine  District  has  154  miles  of  main  line,  through  country 
of  the  same  character  as  the  Sanderson  District.  The  rail  is  about 
half  70-lb.  and  half  50-lb.  The  track  is  ballasted  for  42  miles  with 
fine  gravel,  and  is  of  standard  section.  The  rainfall  given  is  the  same 
as  for  the  Sanderson  District,  but  is  probably  nearer  the  lower  Hmit. 

The  El  Paso  District  has  161  miles  of  main  line  through  country  of 
the  same  character  as  the  two  preceding  sections.  The  rail  is  half 
6H-lb.,  and  half  50-lb.  There  is  no  ballast.  The  rainfall  is  light, 
and  about  55  miles  of  the  line  is  through  arid  country;  probably  8  to 
10  ins.  precipitation  would  be  an  average  for  the  District.  The  re- 
moval of  treated  ties  only,  on  these  various  districts,  for  the  28 
months  ending  April  30th,  1898,  is  given  in  Table  Xo.  9. 

TABLE  Xo.  9. — Removals  of  Burnettized  Ties  and  Causes  thereof 
ox  Six  Divisions,  Atlantic  System,  Southern  Pacific  Railroad, 
from  January,  1896,  to  May,  1898. 


No.  of 

ties 

removed. 

Cause  op  Removal. 

District . 

Rotten. 

Shivered. 
broken. 

Accidental 

and 

miscellaneous. 

Average  life 

of  ties 

removed. 

No.  of. 

Per 
cent. 

No.  of. 

Per 

cent . 

No.  of. 

Per 

cent. 

Glidden 

San  Antonio. . . 
Del  Rio 

6  04S 
41  691 
15  564 

9  lid? 
12  899 
18  397 

5  542 

36  750 

14  247 

1  716 

10  911 

l.i  MIS 

92 
88 
92 
66 
85 
81 

506 
4  691 
1  240 

145 
1  825 
1  596 

8 
11 
8 
5 
14 
12 

0 

250 

77 

746 
163 
903 

0 

1 

29 

1 

6  vrs.    9  mos. 

8*-    a    ■ 

8    ■•    id    ■■ 

Sanderson 

El  Paso 

6  "     8    " 

7  •     0    " 

7     "      6     " 

92  206 

80  064 

87 

10  003 

11 

2  139 

2 

7  yrs.  11  mos. 
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It  should  be  noted  that  the  average  life  given  in  the  table  is  that 
of  the  ties  removed,  and  is  of  little  value  as  indicating  the  probable 
average  life  of  a  lot  of  ties  unless  the  ties  have  been  in  the  track  long 
enough  to  have  covered  the  life  of  the  most  durable:  and  instead 
furnishes  only  a  minimum  life.  To  illustrate  this.  Table  Xo.  10, 
covering  additional  data  for  the  first  two  districts,  is  given.  It  will 
be  noted  that  the  average  life  of  the  ties  removed  is  increasing 
I  Qy.  The  discrepancies  in  the  figures  for  the  average  life  in  the 
two  tables  are  due  to  the  first  covering  28  months,  while  in  the  second 
the  averages  are  for  each  year. 

TABLE  No.  la— Removals  of  BrBXErnzED  Ties  fbom  Two  Districts, 
4tt.\xttp  System.  Socthebx  Pacific  Ratlboad. 


Ties  Removed 

from  Track. 

Average  Life 

of  Tees  Removed. 

Year. 

Glidden  District. 

San  Antonio  District. 

Glidden  District. 

San  Antonio  District. 

-   " 

• 
1897*... 
1898.... 

--- 

- 

-" 
1  750 
3  637 

4  109 

16  904 

8  186 
19  986 

5  vrs.    8  mos. 

6  "      5     - 

5     ••    11     ■• 

:    ••     5     • 

7  •      0    '• 

6  vrs.    2  mos. 
6*"    1 

7  " 

8  "      8     " 

*  6  months. 

In  Table  No.  9  the  average  life  on  the  Sanderson  District  is  much 
lowered  on  account  of  the  large  number  of  removals  due  to  accidents 
and  miscellaneous  causes.  On  the  Valentine  and  El  Paso  Districts  the 
average  is  also  lowered  by  extensive  rail  renewals  during  the  last  3 
years.  Mr.  Maid's  opinion  is  "that  the  relative  difference  in  life 
shown  to  exist  between  the  Glidden,  San  Antonio  and  Del  Rio  dis- 
tricts may  be  reasonably  taken  as  representing  the  relative  life  of 
ties  for  those  districts.'"  Mr.  Mahl  states:  "With  few  exceptions  the 
treated  ties  have  been  used  exclusively  in  the  main  line  between 
Houston  and  El  Paso,"  being  composed  of  the  Divisions  previously 
ribed.  By  comparing  Table-  N  -  and  9,  it  will  be  seen  that  the 
average  life  of  all  the  ties  removed  on  all  the  divisions  in  the  18  months 
ending  July  1st,  1898.  was  7  years  and  11  months  ;  and  that  on  July 
1st,  1897,  of  all  the  ties  laid  8  years  previously,  93%  was  still  in  the 
track. 

' '  The  track  work  on  these  districts  during  the  period  in  question 
consisted  by  far  of  only  ordinary  section  labor  engaged  in  the  repair 
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and  maintenance  of  the    roadbed    and   track.      For  some  years  past, 
otir  repairs  of  roadbed  and  track  over  the  e^_        -     -  -lown 

gratifying  decreases  each  year,  nntil.  for  the  present  year  ending  June 
30th.  1898,  these  repairs  will  not  exceed  $305  per  mile  of  main  line  for 
the  part  west  of  Houston.  This  is  the  lowest  cost  for  repairs  of  roL. 
and  tra:k  that  has  ever  been  obtained,  and  it  is  in  part  attributable  to 
the  increased  percentage  of  treated  ties  in  track." 

The  results  of  Burnettizing  were  so  satisfactory  on  the  Atlantic 
5]  stem  that  a  plant  was  built  in  1S91  for  the  Pacific  system  of  the 
Southern  Pacific  Company,  and.  as  the  timber  supplies  were  widely 
separated,  for  economy  the  entire  works  were  placed  on  wheels,  and 
when  a  change  in  location  is  necessary,  the  plant  forms  a  train  which 

-  -iccessfully  traverse  I  16c  curves  and  3"0'  grades.  It  consista  : 
two  retorts.  6  ft.  in  diameter  and  114  ft.  long,  and  has  a  capacity  of 
.  5  ■  to  3  000  ties  in  21  hours.  The  total  number  of  treated  ties 
in  the  tracks  of  the  Pacific  system,  up  to  the  end  of  18  •".  was  1  41S  315, 
all  but  74  012  of  which  were  placed  subsequent  to  1S94:  coma 
no  information  is  yet  available  as  to  their  life.  This  particular  pi;. 
described  in  a  paper*  by  W.  Gh  Curtis.  M.  Am.  Soc  CL  E..  and  was 
built  under  patents  owned  by  Messrs.  Curtis  and  Isaacs,  both  of  the 
Southern  Pacific  Railroad. 

A  similar  plant  is  now  under  construction  for  Mr.  O.  Channt-.    - 
treat  ties  for  the  Chicago  and  Eastern  Illinois  Railroad. 

StMNlABT    AND    DlSCCSSION    OF    RECENT    AMERICAN"    EXPERIENCE. 

From  the  preceding,  the  experience  of  American  roads  with  treated 
ties  may  be  concluded  to  be  generally  favorable.  The  Atchison.  Topeka 
and  Santa  Ft:  Railroad  officials,  after  12  years"  trial  on  a  large  scale, 
believe  they  are  getting  from  11  to  12  years"  service  from  mountain 
pine,  having  a  natural  life  of  about  1  years  :  while  from  natural  - 
oak  they  get  but  6  years  in  heavy  main  line  seiviee :  and  from  cedar  10 
years  under  light  service. 

The  Tnion  Pacific  Railroad  reports  about  9  years  for  mountain  pine 
and  spruce.  The  Chicago,  Rock  Island  and  Pacific  Railroad  report  of 
the  count  of  ties  now  in  place,  indicates  a  life  of  at  1<  isl  -  ars.  The 
unimpeached  counts  of  removals  prior  to  lSi'4  show  that  in  that  year 
84.7  of  the  ties  laid  7  years  previously  was  still  in  track.  The 
record  of  the  four  sections  just  west  of  the  Missouri  River,  as  here  fig- 
*  Journal  of  the  Association  of  Engineering  Societies.  July.  1*95. 
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urei,  indicates  a  life  of  11  years.  The  experience  of  the  Pittsburg, 
Fort  Wayne  and  Chicago  Railroad  with  hemlock  and  tamarack  ties, 
only  1  %  having  been  removed  after  7  years;  and  of  the  Duluthjand 
Iron  Range  Railroad,  with  white  and  Norway  pine  and  tamarack  which, 
after  Ih  years'  service  and  after  having  been  taken  up  and  relaid  once, 
were  still  in  nearly  perfect  condition;  furnish  conclusive  evidence  that 
the  treatment  is  efficacious,  and  presumptive  evidence  that  a  life  of  11  or 
12  years  may  be  exjpected.  The  discovery  of  about  the  same  number  of 
treated  ties  in  the  tracks  of  the  Rock  Island  and  Peoria  Railroad,  as 
were  laid  in  1891 — at  which  time  the  last  were  laid — demonstrates  how 
entirely  mistaken  were  the  officers  of  that  road  as  to  the  life  to  be 
secured  from  such  ties,  even  under  the  unfavorable  conditions  existing 
as  to  drainage  and  ballast. 

The  Southern  Pacific  Railroad,  operating  on  the  most  perishable 
material,  with  a  life  of  only  3  years  at  the  best,  had  93%"  of  the  ties 
treated  and  laid  in  1889  still  in  the  track  after  8  years.  The  record  for 
the  ties  treated  during  the  2  previous  years  was  not  as  good,  for 
known  reasons;  however,  those  laid  during  1887  gave  10  years'  ser- 
vice, and  of  the  1888  ties,  63%  was  still  in  use  9  years  later. 

The  woods  which  have  been  treated  and  used  for  a  considerable 
time  in  regular  service  are  the  mountain  pines,  firs  and  spruces,  hem- 
lock and  the  sapwood  of  the  yellow  pine.  The  woods  used  experi- 
mentally are  the  cottonwood,  sweet  gum,  red  and  black  oaks,  beech, 
tamarack  and  Norway  and  white  pine.  Of  other  timbers  which  have  not 
been  tested,  it  can  be  expected  that  beneficial  results  will  be  obtained 
from  treating  any  wood  which  will  take  the  treatment  well;  that  is,  into 
which  the  proper  amount  of  chloride  can  be  injected.  This  is  deter- 
mined by  the  physical  characteristics  of  the  timber,  the  size  of  the  sap 
ducts,  the  thickness  of  their  walls  and  the  amount  of  gummy  sub- 
stance contained  in  the  sap.  It  does  not  follow,  however,  that  equally 
good  service  will  be  secured  from  two  materials,  even  if  they  take  treat- 
ment equally  well.  The  table  on  page  217  shows  that  in  the  German 
practice  their  beech  and  pine  are  treated  with  the  same  quantity  of 
chloride,  but  the  pine  has  3  years'  longer  life,  if  both  are  Burnettized. 
Treated  with  tar  oil,  the  beech  is  apparently  the  longer  lived  by  50 
per  cent. 

The  German  practice  is  to  treat  only  thoroughly  seasoned  wood. 
This  is  generally  considered  to  be  desirable  in  America  also,  but  seems 
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to  be  unattainable.  Mr.  W.  G.  Curtis,  however,  in  his  paper  describ- 
ing the  practice  of  the  Southern  Pacific  Railroad,  Pacific  System, 
already  referred  to,  states  that  freshly  cut  ties  take  the  treatment 
much  more  readily  than  those  partly  seasoned;  so  that  if  the  ties  are 
freshly  cut,  they  can  get  six  charges  through  two  cylinders  in  24  hours; 
while  if  partly  seasoned,  they  get  but  five  charges. 

"  We  find  the  time  required  varies  greatly  with  the  kind  of  timber 
and  with  the  time  during  which  the  ties  have  been  seasoning.  Cali- 
fornia mountain  pine,  fir  and  spruce  require  less  time  than  Oregon 
fir,  and  all  timbers  are  more  readily  treated  when  freshly  cut.  An 
Oregon  fir  tie  seasoned  in  the  air  for  2  years  will  take  double  the 
time  for  the  treatment  required  for  one  freshly  cut.  Occasionally  a 
close-grained,  well-seasoned  tie  will  not  receive  the  preservative  at  all, 
the  fluid  penetrating  iuto  the  sides  only  about  j  in." 

While  this  statement  is  probably  correct  for  the  particular  timber 
treated,  it  is  entirely  contrary  to  the  practice  at  other  places,  both  here 
and  abroad.  As  already  quoted  at  the  Houston  works  of  the  Southern 
Pacific  Railroad,  "  if  green  ties  aud  ties  which  have  been  seasoned  for 
3  to  6  months  were  subjected  to  the  same  treatment,  the  percentage  of 
absorption  of  the  seasoned  ties  would  be  much  greater  than  the  ab- 
sorption of  the  green  ties."  The  Chicago  Tie  Preserving  Company 
finds  it  impossible  to  get  satisfactory  work  with  freshly  cut  ties, 
whether  of  hemlock,  beech  or  tamarack.  During  1898  this  company 
ceased  operating  entirely  for  nearly  2  months,  and  piled  up  70  000  ties  in 
the  yard  at  considerable  expense  for  reband ling,  to  permit  them  to  sea- 
son sufficiently  to  take  the  preservative.  These  peculiarities  of  timber, 
however,  are  not  necessarily  dangerous.  It  is  simply  necessary  to  fit 
the  treatment  to  the  material;  and  emphasizes  two  things:  That  such 
a  cost  should  be  allowed  for  treatment  as  to  permit  of  occasional 
exceptional  expense  without  loss,  and  that  persons  entrusted  with  such 
work  should  be  above  sacrificing  the  quality  of  their  work  for  a  small 
immediate  gain. 

The  Chicago  Tie  Preserving  Company  has  very  kindly  given  access 
to  all  its  notes  and  records,  both  pf  routine  and  experimental  work; 
aud  by  request  has  submitted  the  following  statement: 

"  This  company  has  made  hundreds  of  experiments  upon  thousands 
of  ties.  These  were  tried  partly  by  weighing  individual  ties  before  and 
after  treatment  in  the  regular  runs,  to  ascertain  the  absorption;  and 
partly,  since  1894,  by  special  treatments  in  an  experimental  retort, 
holding  three  ties,  wherein  various  methods  could  be  tested  without 
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interfering  with  the  regular  runs.  The  objects  in  the  latter  were  two- 
fold: 

«  First. — To  ascertain  by  what  modification  the  largest  quantity  of 
chloride  of  zinc  could  be  injected  without  making  the  timber  brittle. 
This  has  been  attained,  the  amount  of  antiseptic  absorbed  since  1896 
having  averaged  double  that  injected  in  1886,  with  what  results  re- 
mains to  be  seen,  while  not  a  tie  has  been  reported  as  having  broken 
in  the  track. 

' '  Second.  —To  ascertain  whether  the  ties  were  in  proper  condition 
to  treat,  and  the  idiosyncrasies  of  various  woods. 

"As  regards  the  conditions,  it  has  been  found  that  ties  delivered 
early  in  the  spring  require  to  be  treated  differently  than  those  arriving 
in  the  late  summer.  Sometimes  the  former  are  quite  unfit  and  must 
be  placed  upon  the  ground  to  season.  This  should  preferably  be 
done  in  cribbed  piles  (when  there  is  space  enough)  to  allow  the  air  to 
circulate  between  the  ties.  The  same  has  to  be  sometimes  done  in 
the  autumn,  when  the  ties  have  been  rafted  or  floated  out  to  the 
vessels. 

"  Bsfractory  lots  of  hemlocks  are  piled  upon  the  ground,  and  a  few 
tested  month  by  month  to  ascertain  their  condition,  It  is  found  that 
they  gradually  improve  in  receptivity,  so  that  in  6  months  they  absorb 
two  to  three  times  as  much  as  upon  their  first  arrival.  This  agrees  with 
European  experience,  where  ties  are  seldom  treated  less  than  a  year 
after  being  cut,  but  it  is  the  reverse  of  the  experience  of  Mr.  W.  G. 
Curtis,  on  the  Southern  Pacific  System  in  California  and  Oregon,"  as 
quoted  above.  "  The  same  claim  was  made  by  Mr.  O.  Thilmany,  who 
stated:  '  We  prefer  green  timber;  dry  timber  has  to  be  steamed  longer. 
Only  live  and  sound  timber  can  be  preserved.' 

"  Perhaps  these  puzzling  contradictions  are  due  to  differences  in  the 
character  of  the  woods  treated,  or  in  the  time  of  cutting. 

"  It  is  well  recognized  that  natural  woods  are  more  lasting  if  cut 
when  the  sap  is  down.  Summer-cut  hemlock  ties  tested  repeatedly 
by  the  Chicago  Tie  Preserving  Company  only  absorbed  about  half  as 
much  as  those  winter-cut,  and  it  was  also  found  that  some  gum  and 
pine  ties  cut  in  Virginia,  North  Carolina  and  Georgia  in  September, 
absorbed  from  two  to  eight  times  as  much  as  ties  from  the  same  woods 
cut  in  April. 

"It  is  most  desirable,  before  treating  a  tie,  to  know  when  it  was 
cut,  and  an  ideal  condition  would ,be  to  have  the  ties  identified  as  to 
the  time  of  their  cutting,  and  treated  in  the  same  order. 

"  After  treatment  all  ties  should  be  allowed  to  dry,  as  is  always 
done  in  Europe.  Several  lots  were  treated  twice  in  Chicago,  having 
absorbed  in  the  first  treatment  but  about  14%"  of  their  weight.  All 
of  this  gain  they  lost  in  5  months  of  seasoning,  and  12%  more;  and 
were  then  in  a  proper  condition  for  a  second  treatment. 
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"As  regards  the  idiosyncrasies  of  various  woods,  it  has  been  ascer- 
tained that  hemlock  and  beech  are  much  more  refractory  than  pine, 
principally  early  in  the  season;  that  white  and  burr  oak  should  not  be 
Bumettized,  but  that  black  oak,  red  oak  and  water  oak  take  the  treat- 
ment very  well,  and  will  outlast  Colorado  pine.  Cedar  is  hardened  by 
the  process,  but  not  enough  to  pay  for  the  cost  of  injection.  Tamarack, 
like  spruce,  is  an  uncertain  and  variable  wood.  Some  ties  cut  at  the 
same  time,  from  the  same  forest,  were  found  to  vary  as  2  is  to  1  in 
average  absorption.  This  was  attributed  to  the  varying  amount  of  resin 
in  various  trees,  and  after  many  experiments  it  was  learned  to  distin- 
guish this  difference  by  the  eye,  but,  as  it  was  impracticable  to  sort  the 
trees  before  cutting  them  down,  the  injection  of  tamarack  was  finally 
abandoned  altogether. 

"  There  were  also  great  differences  in  the  absorption  of  individual 
ties  of  the  same  age  and  same  species  of  wood.  In  extreme  cases  some 
will  take  eight  times  as  much  as  their  neighbors,  and  it  becomes  a 
serious  problem  how  to  regulate  the  injection.  It  will  not  do  to  treat 
all  kinds  of  wood  alike,  and,  when  a  new  species  comes  to  the  works, 
many  experiments  have  to  be  tried  before  it  is  known  how  it  is  best  to 
deal  with  it. 

"The  operations  of  the  works  are,  of  course,  controlled  by  an 
elaborate  system  of  measurements  and  accounts,  so  that  it  is  known 
accurately  how  much  of  the  antiseptics  are  absorbed  by  each  run  of, 
say,  400  ties,  but  it  is  not  known  how  much  each  individual  tie  has 
taken,  save  in  special  experiments.  Changes  are  in  contemplation  to 
circumscribe  this  uncertainty,  and  in  this,  as  well  as  in  other  details, 
we  shall  have  to  profit  by  the  experience  of  the  Europeans,  who  have 
been  preserving  ties  for  about  50  years,  and  have  materially  improved 
upon  their  original  methods." 

In  examining  the  records  of  tie  treatments  it  is  necessary  to  rec- 
ognize the  fact  that  the  life  of  the  exceptional  tie,  whether  long  or 
short,  is  of  no  value,  except  as  a  curiosity,  and  as  containing  a  possible 
lesson  in  detail.  As  an  instance,  a  tie  was  exhibited  in  the  Paris  Ex- 
position of  1889  which  had  lasted  46  years  in  the  track  of  one  of  the 
French  railways.  It  had  been  prepared  by  the  sulphate  of  copper 
(Boucherie)  process,  but  nevertheless  this  process  has  been  generally 
abandoned  in  favor  of  others.  So  far  as  the  value  of  a  treatment  itself 
is  concerned,  such  records  of  individual  ties  may  be  worse  than  use- 
less, leading  to  an  expectation  of  length  of  life  which  cannot  be 
attained  by  the  average,  or  discouraging  the  investigator  without 
reason.  The  valuable  thing  is  the  average  durability,  and  by  this  only 
can  anv  results  of  real  value  be  obtained. 
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The  author  has  been  impressed,  -while  reading  the  statements  of  10 
years  ago,  -with  the  fact  that  the  advocates  of  preservative  methods 
claimed  too  much.  The  life  of  treated  ties  was  unhesitatingly  put  at 
15  years,  a  limit  which  the  occasional  tie  has  reached,  and  which  in- 
deed, under  favorable  circumstances,  the  foregoing  records  show  to  have 
been  reached  by  a  considerable  number  of  ties,  and  to  which,  with 
future  treatment,  as  the  operators  become  more  skilful  in  the  selection 
of  material  and  its  application,  perhaps  the  average  life  may  approach. 
The  record  of  commercial  use  in  the  United  States  has  failed  to  reach 
any  such  period,  and  it  is  entirely  unnecessary  that  it  should,  to  make 
the  treatment  desirable  and  economical. 

The  author  believes  his  investigation  has  demonstrated  that  the 
cheaper  woods,  hitherto  unused,  are  made  fully  as  durable  or  more  dur- 
able than  white  and  burr  oak,  by  Burnettizing;  and  this  fact  is  suffi- 
cient to  make  the  adoption  of  the  treatment  desirable  for  many  roads, 
if  indeed  it  may  not  be  said  for  American  roads  generally. 

One  point  this  inquiry  has  not  solved  is  the  relative  advantages  of 
the  zinc-tannin  or  Wellhouse  process,  and  the  old  method  of  Burnet- 
tizing, using  nothing  but  the  zinc  chloride.  This  hinges  upon  two 
points :  The  solubility  of  the  chloride  when  deposited  in  the  wood,  and 
the  efficiency  of  the  chemical  action  between  the  glue  and  the  tannin, 
required  to  form  the  particles  of  leather  which  are  supposed  to  plug 
up  the  ducts.  As  to  the  first,  there  is  general  evidence  that  part  of 
the  chloride  can  be  washed  out  of  the  timber,  although  it  is  not  easily 
done.  Mr.  J.  D.  Isaacs,  of  the  Maintenance  of  Way  Department  of 
the  Southern  Pacific  Company,  in  a  paper*  states: 

"  The  author  thinks  this  objection  is  greatly  exaggerated.  He  has 
attempted  to  leach  this  chloride  out  of  timber  with  running  water, 
but  could  extract  only  an  insignificant  proportion,  even  when  the 
timber  was  in  fine  shavings.  All  the  chloride  could  not  be  taken  out 
of  chips  from  treated  timber  by  boiling  in  repeated  changes  of  water. 
If  leaching  takes  place,  it  is  certainly  very  slowly." 

The  above  applies  to  wood  treated  with  the  chloride  only.  Unfor- 
tunately, this  railroad  was  unable  to  furnish  any  chemical  analyses  of 
treated  timber  which  had  been  in  service  for  a  number  of  years.  That 
the  chloride  is  gradually  ]eached  out  of  material  treated  by  the  zinc- 
tannin  process  is  probably  true.  A  number  of  analyses  of  timber 
alter  years  of  exposure  shows  considerably  smaller  quantities  of  zinc 
*  Thirteenth  Report  of  the  California  Stale  Mineralogist.  1896. 
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than  it  is  believed  they  originally  contained.  One  such  instance  has 
been  given  in  connection  with  the  Union  Pacific  ties,  where  only  about 
one-fourth  as  much  of  the  chloride  was  found  as  was  generally 
injected.  The  evidence  at  hand  would  be  absolutely  conclusive  if  it 
were  possible  to  know  how  much  the  ties  which  were  analyzed  con- 
tained originally;  but  this  is  not  the  case,  as  the  amount  of  absorption 
of  a  retort  full  of  ties  is  as  near  an  individual  record  as  it  is  now  pos- 
sible to  go:  and  it  is  possible  that  the  tie  analyzed  might  have  been  one 
which  was  refractory  and  took  very  little  when  treated.  If  such  had  been 
the  case,  however,  the  tie  would  probably  have  been  of  short  Life:  and 
it  is  sale  to  conclude  that  after  a  certain  number  of  veal's,  depending 
upon  the  rainfall  and  the  efficiency  of  the  track  drainage,  the  amount 
of  chloride  remaining  in  a  tie  will  be  so  reduced  as  to  be  of  no 
further  value,  whether  the  treatment  be  with  zinc  alone  or  in  com- 
bination with  the  glue  and  tannin. 

If  the  claims  for  the  formation  of  the  artificial  leather  by  the 
tannin  treatment  are  correct,  and  it  is  understood  that  this  is  verified  by 
microscopic  examination,  it  is  probable  that  the  leaching  is  delayed. 
That  the  treatment  does  not  prevent  the  passage  of  moisture  into  the 
wood  is  evidenced  by  the  rapidity  with  which  the  treated  timber  sea- 
sons, as  well  as  by  the  loss  of  the  zinc  shown  by  the  analyses.  The 
results  in  future  on  the  Atchison.  Topeka  and  Santa  Fe  Railroad  may 
determine  the  relative  advantages  of  these  two  systems,  as  there  are 
large  numbers  of  ties  now  in  use  there  treated  by  each.  To  insure  the 
greatest  success  by  either,  however,  it  is  believed  that  the  injection  of 
large  amounts  of  chloride  must  be  practiced,  and.  generally,  this  can 
be  done  only  by  using  timber  at  least  partly  seasoned:  and  the  sub- 
sequent partial  seasoning  before  being  placed  in  track. 

Granting  that  certain  woods  may  take  the  antiseptic  in  sufficient 
quantities  even  if  treated  green,  so  that  it  may  not  be  accurate  to  say 
that  it  is  necessary  to  good  work  that  at  least  partly  seasoned  wood 
should  be  treated,  there  are  certain  other  conditions  which  can  be 
said  to  be  essential  to  good  work.  These  are  pure  zinc,  pure  acid, 
the  absence  of  any  free  acid  in  the  chloride  solution,  the  use  of  a  heat 
not  exceeding'250?  in  the  retorts,  and  sound,  live  timber  to  operate 
on.  To  treat  dead  or  dozy  wood  is  to  waste  time  aud  chemicals. 
Chloride  of  zinc  apparently  has  no  power  to  stop  decay  which  has 
already  begun,  and  it  is  doubtful  if  anv   treatment  is  better  in  that 
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respect.  To  these  may  be  added  faithfulness  and  integrity  of  a  high* 
order  on  the  part  of  those  operating  the  works. 

The  output  and  profits  of  a  plant  can  be  very  largely  increased  by 
the  lack  of  the  last,  and  the  results  of  such  lack  -will  not  be  apparent 
until  years  afterward. 

To  make  the  later  identification  of  the  ties  certain,  so  that  the  life 
realized  can  be  determined,  it  is  believed  that  nothing  will  prove  as  satis- 
factory as  the  use  of  dating  nails,  which  are  nails  with  large  heads  in 
which  is  stamped  the  current  year,  and  which  are  driven  in  the  center 
of  the  top  surface  of  the  tie  when  laid.  The  cost  of  such  nails  is  but 
small,  and  they  are  more  accessible  and  certain  than  any  substitute. 

Foreign  Practice. 

The  author  regrets  that  he  cannot  furnish  very  much  on  the  foreign 
practice  of  recent  date.  In  France  and  Great  Britain,  the  creosote 
process  is  used  almost  exclusively.  The  Burnettized  timber  was  ap- 
parently not  satisfactory.  Creosote  is  comparatively  cheap,  and  the 
increased  life  of  ties  so  treated  is  considered  as  worth  the  additional 
cost  over  Burnettized  ones. 

The  roads  in  the  German  Railroad  Union,  however,  use  very  gen- 
erally, either  zinc  chloride  or  a  combination  of  the  chloride  and  creo- 
sote, as  well  as  creosote  alone.  Impregnation  with  the  chloride  alone 
has  decreased  while  that  with  the  mixture  of  chloride  and  creosote  has 
largely  increased.  Beginning  in  1895  all  the  pine  ties  used  on  the 
Prussian  State  railroads  were  treated  by  the  zinc  creosote  process.  This 
consists  of  the  injection  of  the  same  amount  of  zinc  chloride,  with  which 
is  mixed  creosote,  in  the  amount  of  1}  lbs.  to  the  cubic  foot  of  timber; 
the  mixing  being  done  by  a  peculiar  process.  It  is  claimed  that  the 
results  of  this  treatment  are  much  superior  to  those  with  zinc  chloride 
alone.  In  1885,  the  Ruetgers  Works  furnished  one  road  with  1 71  000 
pine  ties  treated  with  zinc  creosote,  on  a  9-year  guarantee.  In  1894, 
at  the  end  of  the  9  years,  only  twenty-nine  had  become  unfit  for  use 
and  none  of  these  was  rotten.  Mr.  Chanute  is  about  to  go  to  Ger- 
many to  investigate  this  process,  and  it  is  hoped  that  he  may  be  able 
to  contribute  the  necessary  data  to  the  discussion  of  this  paper,  so 
that  the  value  of  the  treatment  may  be  determined.  The  additional 
cost  over  the  regular  Burnettizing  process  varies  with  the  price  of 
creosote,  but  is  about  4  cents  per  tie.  The  zinc  tannin  process  has 
never  been  used  outside  of  the  United  States. 


Papers.]      CUETIS    ON    PRESERVATION    OF    RAILROAD    TIES.  251 

The  Ruetgers  Works  treat  ties  by  Burnettizing  on  the  following  speci- 
fications: The  solution  of  zinc  chloride  is  to  be  3°  Beaume  strength 
at  a  temperature  of  14°  Reaumur.  Ties  and  timber  are  to  be  treated 
until  the  absorption  of  seasoned  timber  is  for 

Pine  wood 19  lbs.  per  cubic  foot. 

Oak      "     6J 

Beech'-      19  "  " 

"  If  the  amount  of  liquid  required  cannot  be  injected  in  the  manner 
prescribed  because  the  wood  is  too  green  or  is  exceptionally  dense, 
the  liquid  is  to  be  strengthened  in  such  a  manner  that  the  proper 
amount  of  water-free  chloride  of  zinc  is  taken  up  as  prescribed,  namely, 
that  to  be  contained  in  a  3-  Beaume  liquid. 

"  From  this  it  follows  that  when,  for  instance,  only  200  kilograms 
can  be  introduced  into  1  cu.  m.  of  pine  wood,  the  chloride  of  zinc 
bath  must  be  made  4JC  Beaume." 

The  German  report  on  railroads  previously  referred  to  gives  cer- 
tain tables  from  which  the  following  are  obtained: 

TABLE  No.   11. — Costs  and   Resttlts  of  Wood  Preserving  for  the 
Union  of  German  Railroads  for  1896. 


Cost  of 

crude 

tie. 

Treated  with  Chloride  of 

Zinc. 

Treated  with  Tar  Oil- 
Creosoted. 

Kind 
of  tie. 

9-1    S 

o  e> 

43 

•Jl 

0 

a 

£,  a  ■ 

- 

s  ■}. 

z  — 
3  - 

:  - 

cost. 

■age 

linn. 

•ill's 

3   . 

c  s 

o 

<4~ 

CO  -t3 

1& 

Cts. 

Ots. 

Cts. 

Cts. 

Oak. . . . 

11.49 

24.2 

13 

§1.62 

15 

10.8 

(15.4 
124.3 

21 
29 

§1.70 
1.78 

24 

28 

7.1 
6.3 

Beech. . 

1.01 

34 

15 

1.16 

9 

13.0 

166 
179.2 

50 
59 

1.51 
1.60 

30 
34 

5.0 

4.: 

Piue 

o.ai 

34 

16 

1.00 

12 

8.3 

|50.6 
[79.2 

43 

57 

1.27 
1.41 

20 
23 

6.3 
6.1 

This  is  based  on  a  tie  6 '4  ins.  X  10  ins.  X  8  ft.  10  ins. 


From  Table  No.  12  it  will  be  seen  that  in  1896  about  eO^  of  all  the 
wood  ties  in  the  tracks  was  impregnated  in  some  way;  and  that  all 
of  the  increase  in  number  of  ties  in  track  over  1891  was  in  the  treated 
ties.  Unfortunately,  it  is  impossible  to  determine  the  number  treated 
by  each  process  in  use  by  these  roads,  and  the  figures  are  of  value 
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only  as  indicating  the  general  use  of  treated  timber  in  preference  to 
the  crude. 

As  a  matter  of  interest,   a  line  is  added  showing  the  amount  of 
track  laid  with  metal  ties  or  sleepers.  f 

TABLE  No.  12. — Statistical  Eepoet  oe  the  Railroads  of  the  Union  of  German 
Railroad  Administrations  for  the  Fiscal  Years  1896,  1895,  1894. 


Abstract  of  Wood  Ties,  Laid  in  Track. 


Designation 

of 

railroads. 


German,  State 
and  private 
roads    

Luxe  mburg,  f 
Netherlands  J 
and  other  1 
Union  roads.  I 

Aust  ria,  Hun-  I 
gar  y  and] 
Bosnia  roads  ( 

Totals  of  all 
roads  


Year. 


1896 

1895 
1894 

1896 
1895 
1894 

1890 
1895 
1894 
1896 

1895 

1S91 


Number  of  wood  ties. 


Of  the  ties  there 
are: 


Oak.        Beech.       Larch.         Pine 


28  279  084 

28  635  001 

29  353  375 

8  769  969 
8  281  293 
7  916  896 

31  533  486 

30  192  026 
29  286  099 
68  582  539 
67  108  320 


3  248  882 
3  283  867 
3  132  261 

49  551 
48  392 
39  083 


91  924 
102  936 


5  406  009  4  066  135 
5  437  128 i  3  913  322 
5  797  985  3  581  179 


36  947  827 
34  775  635 
32  241  230 

541  285 
538  330 
552  105 


6  144  072  47  149  702 
6  056  466  45  598  942 
5  778  177  44  443  440 
8  704  442  4  158  720  43  633  184  127  817  448 
S  769  387  4  005  246  41  370  431  123  951  907 
66  556  370  8  969  329  3  684  115  38  571  512  120  473  751 


Total.      \*2££ 


Crude. 


5a 

a  « 
o  £ 

C8  z    ■ 

c,ce 

:    O—     S 

C  H 


68  568  378  59  834  087  8  734  291  22  805 
66  786  427  57  626  304  9  160  123  22  102 
64  829  802  54  041  505  10  788  29?  20  868 


12  099  368 
11  566  538 
11  200  509 


1  718  815  6  730  887  495 
1  597  308  6  360  733'  497 
1  552  809,  6  046  430   495 

18  197  013  28  952  689!  404 
17  755  877  27  843  065!  368 
16  882  687  27  560  753  366 
79  749  915  44  417  867  23  704 
76  979  489  43  363  921  22  967 
72  477  001  44  395  480  21  858 


Cost  of  Treatment. 

It  is  not  proposed  to  enter  into  any  discussion  of  the  economy  of, 
or  the  savings  to  be  effected  by,  the  use  of  treated  ties.  This  is  some- 
thing which  will  vary  with  almost  every  road,  being  governed  by  the 
cost  of  white  oak  ties,  cost  of  the  inferior  tie  to  be  treated  and  location. 
It  has  been  attempted  to  determine  what  can  be  expected  from  the 
treatment  and  with  the  cost  thereof  given  below,  it  can  readily  be  be- 
termined  which  is  the  cheaper — a  white  oak  or  a  treated  tie,  and,  in  the 
author's  judgment,  that  is  what  the  question  resolves  itself  into. 

Apparently  the  evidence  is  conclusive  that  a  treated  tie  is  superior 
to  a  white  oak;  but,  if  only  equal  to  it,  on  the  basis  of  cost  in  most 
locations  the  treated  tie  will  prove  the  more  desirable. 

The  cost  of  Burnettizing  sawed  pine  ties  6  ins.  x  8  ins.  x  8  ft.  on  the 
Southern  Pacific  Railroad  in  1893,  was  about  10(cents  each;  while  in  1897 
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it  was  a  little  over  6  cents.  This  includes  nothing  for  interest  on  the 
investment,  or  depreciation ;  however  it  is  for  a  very  small  tie,  con- 
taining only  2f  cu.  ft. ;  and  for  an  amount  of  zinc  chloride  only  about 
one-half  that  required  by  the  German  practice.  On  the  basis  of  the 
cost  in  1897  (which  amounts  to  2|-  cents  per  cubic  foot),  the  use  of  the 
standard  German  quantity  to  be  injected  and  a  hewn  tie  of  3i  cu.  ft. , 
this  cost  would  be  about  12  cents  per  tie,  or  4f  cents  per  cubic  foot, 
including  nothing  for  interest  or  depreciation. 

On  the  Atchison,  Topeka  and  Santa  Fe  Railroad  the  cost  of  the  zinc 
tannin  treatment,  when  the  works  were  first  built,  was  about  15 
cents;  in  1892  it  was  about  14  cents  and  13  cents  for  Burnettizing  (zinc 
chloride  only).  In  1897  the  cost  (zinc-tannin)  was  reported  as  11.6 
cents;  no  interest  or  depreciation  being  included.  It  is  understood 
that  the  charge  made  by  the  Chicago  Tie  Preserving  Company  is  from 
16  to  20  cents  for  the  zinc-tannin  treatment,  covering,  of  course,  in- 
terest and  depreciation  as  well  as  profit. 

The  contract  prices  in  Germany  for  Burnettizing  are:  For  pine  and 
beech,  5  cents  per  cubic  foot,  and  for  oak,  4  cents;  for  treating  with  zinc- 
creosote,  6  cents  for  beech  and  pine,  and  5  cents  for  oak;  for  creosot- 
ing,  15  cents  for  beech  and  pine,  and  9  cents  for  oak.  In  creosoting, 
the  amount  of  creosote  per  cubic  foot  is  12  lbs.  for  pine,  15  lbs.  for 
beech,  and  4|  lbs.  for  oak.  It  is  understood  that  the  oak  referred  to 
corresponds  to  American  white  oak  and  not  to  the  American  red  and 
black  oaks,  which  will  absorb  as  much  as  either  pine  or  beech. 


Vol.  XXV.  APRIL,  1899.  No.  4. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

INSTITUTED    1852. 


PAPERS  AND  DISCUSSIONS. 

Note. — This  Society  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advanced 
in  any  of  its  publications. 


ON  THE  THEORY  OF  CONCRETE. 


By  Geokge  W.  Raj'tek,  M.  Am.  Soc.  C.  E. 
To  be  Presented  June  7th,  1899. 


While  employed  on  the  original  Genesee  storage  investigation  in 
1893,  the  author  made  a  study  of  the  available  material  for  the  con- 
struction of  a  high  dam  on  the  Genesee  River,  near  Mount  Morris,  N. 
Y. ,  the  study  including  the  fabrication  of  173  blocks  of  concrete  of 
cubes  of  1  ft.  each;  the  cement  used,  including  Cumming's  Natural 
Buffalo  cement,  Newman's  Akron,  Bangs  and  Gaynor's  Fayetteville, 
Norton's  Rosendale,  Millem's  Way  land  Portland  and  Saylor's  Portland. 

Tests  were  made,  at  the  same  time,  of  the  voids  in  the  local  sand 
and  in  the  different  stones  used  as  aggregates,  and  also  of  the  tensile 
strength  of  the  several  cements.  The  results  of  these  tests  may  be 
found  in  Appendix  E  of  the  Annual  Report  of  the  State  Engineer  and 
Surveyor  of  New  York,  for  the  fiscal  year  ending  September  30th,  1894. 

In  lSi)6  further  tests  were  made,  which  included  the  fabrication  of 
544  additional  concrete  foot-cubes,  the  cements  tested  including  Whit- 
more,  Rauber  and  Vicinus'  Genesee  brand,  Millem's  Wayland,  the 
Glens  Falls  Portland  Cement  Company's  Iron-Clad  brand,  the  Empire 
Portland    Cement    Company's   Empire    brand,    the    Silica    Portland 

Note. — These  papers  are  issued  before  (lie  date  set  for  presentation  and  discussion. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published  "in  a 
subsequent  number  of  Proceedings,  and,  when  finally  closed,  the  papers  with  discussion 
in  full  will  be  published  in  the  volumes  of  Transactions. 
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Cement  Company's  Champion  brand,  Cumming's  Buffalo  Portland  and 
Cumming's  Buffalo  Natural.  The  detail  of  this  second  set  of  tests 
may  be  found  in  the  Appendix  to  the  Annual  Report  of  the  State  Engi- 
neer and  Surveyor  of  New  York,  for  the  fiscal  year  ending  September 
30th,  1897,  to  which  reference  may  be  made. 

Tables  Nos.  1  and  2  embody  certain  results  of  the  second  series  of 
tests  made  in  1896,  which,  to  a  large  extent,  are  not  included  in  the 
report  to  the  State  Engineer,  and  which  have  seemed  to  the  author  to 
be  of  possible  interest  to  the  members  of  the  Society.  They  are,  there- 
fore, submitted  for  comment  and  criticism. 

The  following  explanations  are  condensed  from  the  author's  report 
to  the  State  Engineer  on  these  tests. 

The  leading  ideas  of  the  tests  made  in  1896  were:  (1)  To  determine 
the  strength  of  concretes  fabricated  with  either  dry  mortars,  plastic 
mortars  or  mortars  with  an  excess  of  water;  (2)  to  determine  the  effect 
on  concrete  of  exposure  to  the  weather;  and  (3)  to  determine  the  rela- 
tive value  for  use  in  concrete  of  the  Portland  cements  manufactured 
in  the  State  of  New  York.  The  various  qualities  of  mortar  used  are 
designated  by  the  words  "  dry,"  "  plastic  "  and  "  excess."  In  the  dry 
blocks  the  mortar  was  only  a  little  more  moist  than  damp  earth.  In 
the  plastic  blocks  the  mortar  was  of  the  ordinary  consistency  used  by 
masons.  In  the  excess  blocks  the  water  was  so  far  in  excess  that  the 
concrete  quaked  like  liver,  under  moderate  ramming. 

The  serial  number  of  Table  No.  1  represents  a  complete  series  as 
designated  by  the  Arabic  numeral  and  the  letters  "a,"  "  b  "  and  " c  " 
of  Table  No.  1  of  the  concrete  report.*  Thus,  by  way  of  illustration, 
Series  1  of  Table  No.  1  is  a  combination  of  blocks  1,  la,  lb  and  lc  or 
Table  No.  1  of  the  report;  Series  2  of  Table  No.  1  represents  blocks  2, 
2a,  2b  and  2c  of  Table  No.  1  of  the  report,  and  so  on.  The  headings  of 
the  several  columns  of  Table  No.  1  are  self-explanatory.  The  blocks 
were  broken  on  the  large  Government  testing  machine  at  the  Water- 
town  Arsenal. 

*  On  referring  to  Table  No.  1  of  the  report  on  eoncrete  in  the  Annual  Report  of  the 
State  Engineer  and  Surveyor  of  New  York,  for  1897,  it  will  be  observed  that  the  blocks 
were  made  in  series  of  four.  Those  designated  by  the  Arabic  numeral  were  placed  in 
water  when  taken  from  the  molds,  and  allowed  to  remain  until  December  1st,  1896,  when 
they  were  buried  in  sand,  where  they  remained  until  taken  out  for  shipment  January 
10th  and  11th,  1898.  Block?;  marked  with  the  Arabic  numeral  and  the  letter  "a"  stood  in 
a  cool  cellar  from  the  time  of  taking  from  the  molds  until  shipped.  Blocks  marked  with 
the  Arabic  numeral  and  the  letter  "  b"  were  placed  in  open  air  when  taken  from  the 
molds,  and  exposed  to  the  weather  until  shipped.  Blocks  marked  with  the  Arabic 
numeral  and  the  letter  "c"  were  placed  in  open  weather  when  taken  from  the  molds, 
covered  with  burlap  and  wet  with  water  several  times  a  day  until  November  1st,  1890, 
after  which  time  they  took  the  weather  as  it  came,  until  shipped. 
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The  formulas  by  which  the  quantities  in  columns  (14),  (17),  (18)  and 
(19)  have  been  calculated,  are  as  follows: 

FOKMULA   FOR   COLUMN  (14). 


\  Dry  cement  used  ) 
-;  in  batch  of  con-  S- 
(     crete,  j 


Mortar  used  in  , 
batch  of  con- 
crete. 


or,  Column  (14),  :  Column  (11), 


\  Dry  cement  used  I 
I        in  mortar,        t 

Column  (7), 


FORMULA   FOR    COLUMN  (17). 


I  Number  volumes  | 

I     mortar  in  con-  ! 

crete  for  one  of  f 

t     cement,  J 

or,  Column  (17), 


f  Number  volumes 

|      stone    used  in  ! 

concrete.       for  I 

I     one  of  cement,    I 

or,  Column  (18), 


\  One   volume 
I         cement, 


„,) 


\  Mortar       origin-  i 
\        ally  made,        ) 

Column  (9), 


Formula  for  Column  (18). 


t  One   volume 
1         cement. 


of) 


:  1. 


\  Stone  used  in 
<  batch  of  con- 
|     crete, 

Column  (12), 


Number  volumes  1 
|  concrete  made  I 
I  for  one  volume  f 
[     of  cement  used,  J 

or,  Column  (19), 


Formula  for  Column  (19). 


t  One    volume    of  I 
"(         cement,  )" 


\  Concrete      actu- 1 
|       ally  made,        j 

:  :  Column  (13), 


.    t  Cubic     feet     of  | 
■    I    mortar  made:    J 

Column  (9). 


\  Cement  used   in  / 

batch  of   mor-  ,- 

(     tar;  ) 


Column  (7). 


Dry  cement  used  ) 
in  batch  of  con-  '- 
crete;  ) 


Column  (14). 


\  Cement  used  in  i 
-,  batch  of  con-  v 
(     crete;  j 


Column  (14). 


In  reference  to  column  (10)  of  Table  No.  1  the  author  holds  that  an 
erroneous  nomenclature  has  considerably  obscured  the  theory  and 
practice  of  concrete  work,  so  much  so  that  very  few  contractors  and 
engineers  have  other  than  exceedingly  general  ideas  as  to  the  real 
theory  of  what  is  in  effect  a  very  simple  matter,  there  being,  indeed, 
very  little  necessary  except  to  insure  the  rilling  of  the  voids  in  the 
aggregate  material  with  mortar.  In  the  author's  opinion,  therefore, 
the  proper  form  of  expressing  concrete  relations  is  not  by  parts  1,  2, 
5;  1,  3,  7;  etc.,  but  rather  to  express  the  volume  of  mortar  as  a  per- 
centage of  the  volume  of  stone,  the  j>ercentage  figure  used  being  large 
enough  to  reiiresent  a  little  more  than  the  voids  in  the  stone  after 
thorough  ramming.  The  chief  object  of  this  paper,  therefore,  is 
to  point  out:  (1)  The  relation  existing  between  the  old  nomenclature 
and  the  new,  as  proposed  by  the  author,  and,  (2)  to  present  a  brief 
resume  of  the  results  given  in  detail  in  the  report  to  the  State  Engineer 
and  Surveyor. 

In  Table  No.  2  the  series  have  been  arranged  for  the  different  pro- 
portions of  cement  experimented  upon  with  reference  to  the  consistency 
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of  the  mortar,  the  proportion  of  sand  and  cement  and  the  percentage  of 
mortar  actually  used  in  each  series.  Thus,  in  the  first  part  of  Table  No.  2 
we  find  compared  the  Genesee,  Way  land  and  Champion  cements  for  dry 
mortars  with  the  proportion  of  sand  to  cement  1  to  1  and  the  mortar 
33%  0I  the  aggregate.  In  the  second  division  of  Table  No.  2  the  same 
cements  are  compared  with  reference  to  plastic  mortars,  other  con- 
ditions remaining  the  same;  and  in  the  third  division  they  are  com- 
pared with  reference  to  excess  mortars,  other  conditions  remaining  the 
same,  and  so  on,  through  this  table  to  the  summary. 

Column  1  of  Table  No.  2  gives  the  serial  number,  the  figures  there 
appearing  corresponding  not  only  to  Table  No.  1  of  this  paper,  but 
also  to  Table  No.  1  of  the  report  to  the  State  Engineer  and  Surveyor; 
columns  (3),  (17),  (18),  (19)  and  (20)  of  this  table  are  the  same  as  the  corre- 
spondingly numbered  columns  of  Table  No.  1  of  this  paper.  Column 
A  of  Table  No.  2  gives  the  percentage  of  shrinkage  due  to  ramming. 
Thus,  column  (18)  represents  the  actual  quantity  of  stone  used,  and 
column  (19)  the  actual  quantity  of  concrete  obtained  from  mortar 
and  stone  as  per  columns  (17)  and  (18).  In  the  case  of  the  Genesee, 
Wayland  and  Champion  brands,  1  to  1  mortar,  33%  in  the  aggregate 
was  tried;  this  shrinkage  is  found  to  be,  as  a  mean,  9.3%;  for  the  same 
cements  in  plastic  mortar,  other  conditions  the  same,  the  shrinkage  is 
9.1%,  and  for  excess  mortars,  9.2  per  cent.  Broadly,  it  may  be  said, 
therefore,  that  for  1  to  1  mortars,  using  33%  of  the  aggregate,  with 
through  ramming,  about  9%  shrinkage  may  be  expected.  In  the  same 
way  with  1  to  1  mortars,  40%  of  the  aggregate,  about  7%  shrinkage 
may  be  expected.  Similar  relations,  which  may  be  traced  through  the 
entire  series  of  tests,  are  conveniently  summarized  in  Table  No.  3. 

It  will  be  noticed  in  studying  Table  No.  2,  that  a  few  of  the  results 
are  somewhat  irregular.  On  this  point  the  author  can  only  say  that 
very  thorough  precautions  were  taken  to  have  the  results  reasonably 
accurate.  Probably  the  irregular  results  are  largely  due  to  occasional 
variations  in  the  quality  of  the  broken  stone  used  for  these  tests. 
Thei*e  were  also  some  variations  in  the  sand,  the  weight  per  cubic 
foot  varying  from  about  86.5  to  93.5  pounds.  So  far  as  the  author 
can  see,  there  is  no  way  of  avoiding  such  variations  except  by  deter- 
mining the  voids  in  the  aggregate  material  for  every  series  of  blocks 
and  by  actually  drying  the  sand  to  a  uniform  consistency.  It  may 
be   pointed   out,    however,  that    such    procedure   would    defeat   the 
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chief  object  for  which,  these  tests  were  made,  namely,  to  work  out 
methods  of  procedure  which  could  be  conveniently  applied  in  prac- 
tice without  unduly  adding  to  the  cost  of  concrete.  From  this  point  of 
view  the  author  considers  the  tests  here  discussed  as  exceedingly  satis- 
factory. They  are  in  the  fullest  sense  practical  results  which  may  be 
carried  out  on  work  by  anybody  who  will  give  the  theory  of  concrete 
moderate  study. 

It  may  be  further  pointed  out  that  columns  (15)  to  (19)  of  Table 
No.  1  furnish  ready  means  of  computing  the  proportionate  parts  of  the 
ingredients  for  any  given  volume  of  concrete. 

Many  other  details  could  be  given,  but  inasmuch  as  the  object  of 
this  paper  is  to  merely  call  attention  to  the  real  points  at  issue  in 
concrete  fabrication  and  not  to  repeat  statements  already  in  print  in 
the  place  cited,  all  details  other  than  those  actually  necessary  for  an 
understanding  of  the  tables  of  this  paper  have  been  omitted.  The  re- 
sults are,  therefore,  submitted  in  the  hope  that  they  may  finally  lead 
to  more  rational  concrete  practice. 
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.<c<CiOto»-'>-l>-n-tl-t-^'-1>-lt-ti-1 

.  cc  to  --1  o  co  X  -}  cn  cn  *-  co  to  >-^  co  co  x  -}  en  cn  4-  co  to  >-* 


Serial  number. 


2 


Consistency  of  mortar. 


Brand  of  cement. 


Parts  of  cement  by  volume. 


*-O0tO*-ect0)e0tO"OTI*-CC"CnCn*-CO>-'*-0CtO*-COtO 


Parts  of  sand  by  volume. 


«ce*.o-)ooi-'Oi<.ci-''    oip-'00*.!Doo-q-    cn 


MKOQtSOOt-ClilOU.      -)C-}-!Q0»X-!O'      OS        gj 


Water  used,  in  pounds  per 
cubic  foot  of  mortar. 


Cement   actually  used,   in 
cubic  feet. 


tOtOlOtOtOtOtOi-"—  tOtOtO>-'COtOtOtO'—  10  tO  tO  4C-  00  tO      ^ 


Sand     actually     used,    in 
cubic  feet. 


tO  to  tO  tO  Ki  65  tO  "  i-i  to  to  tO  >-»  tO  to  tO  <-l  >-»  to  tO  tO  05  03  tO   ^_ 

"  i  *>_•  Vo  w  o  en i-"  in  in  en  >-»  to '-}  -i  *-  o  to  B  oo  m  '*-  be to  *-      cC 


-J  -3  on  -}  co  x  cn  on  cn  co  4-  o  on  'C:cii«-ioiwoio 


Sic 


Mortar  actually  made  from 
water,  cement  and  sand,  as 
per  columns  (6),  (7)  and  (8). 


4-*-4-4-4-4-coococoocccoo-cciococ:e:i-*-*-ccc 
ooooooSSonanScsoofiMuooocoJ 


Stone:    Ratio    to     mortar. 
Percentage. 


>  tO  JO  tO"l-'> 


00  00  00  00  X  X  CK  CH  On  Cn  Cn  O'  Cn  cn  cn  — .  -  :T.  C   CO  O  On  On  On 


-J  -1  O  -1  -}  <!  O  O  C  -J  -J  -3       — 


Mortar  actually  used  in 
making  the  quantities  of 
concrete  shown  in  column 
(13).    Cubic  feet. 


Cl  in  Cn  On  on  Or  tn  in  on  on  On  in 


Stone  actually  use;!.  Cubic 
feet. 


—  —  — 
U'^Vo 


*-  4 — ^  ~  —  *-  *, *-  *>  _ 

Loin»-ii-LO>-*o*JcncDOobo 
CO  oc  — 


:  to  to  oc  to  x  -}  c  to  oc  cc  ; 


to  to  O  O  O  00       ~ 


Concrete  actually  made 
from  mortar  and  stone  as 
per  columns  (11)  and  (12). 
Cubic  feet. 


©OOOOOOOOOOOOOOOO^OOOOOO 
*-  Cn  OC  *-  CC -}  4-  Cc  CC  OC  OS  4-*  CC  00  00  4-  On  O  Cn  -3  00  *-  Cn  -1 

mqo^c  cc  ~  x  cc  cc  on  4-  —  cc  *.  —  o^~  x  — "-mko 


Dry  cement  actually  used 
in  batch  of  concrete  as  per 
column  (13).    Cubic  feet. 


Cement. 


S  ^ 

S  ?; 

a  o 

—  13 

>  o 

rr.  » 

13  » 

M  O 

w  a: 

S!  »= 

O  a 


*-  00  to  *-  00  to  00  to  <->  en  *-  00 1-1  cn  en  *-  to  ^  *-  00  to  *-  00  to      05 


Sand. 


*-  00  to  *-  00  to  00  to  i-1  en  *-  00  *-  en  *-  *-  to  i-1  *-  00  to  00  00  to     " 

co  to  to  cc  —  on  iO  to  en  o  to  co  -i  en  »o  ©  c-  on  io  to  4-  x  io  *-      *> 

*>»oi*-ca*--JOiaoixiio-!X  cn  o>  on  co  en  o     -_? 


Mortar. 


o  00  en  o  -J  cr.  co  cn  *-  en  to  o  en  cn  4-  to  x  *-  —  x  cn  >-i  co  -J 

co  in  in  co  in  i-  -i  in  co  ic  cc  —  to  in  -5  l^  co  -a  ps ''-'  'i-1  in  bo  '■-' 
o  cc  to  -J  o  '"0  x  to  x  cc  ~  4-  oi  cn  cc  co  cc  *-  cc  to  -jS ©*>■ 


Stone. 


©-ion 


oo  on  cn  co  oo  cn 
co  -3  4^  in  bo  co 

tO  4-  Cc  Cc  i-  CO  ~  ©■  ~i  ©  ©  X  CO  •      ^  X  tO  4-  tO  © 


to  in  co  o  en  '->  -j  ^-j  -i  *.  to  -1  in 

~  on*- 


Concrete. 


>-'toto^totototocoH^totoco-'i-'toco*-totototototo  -rt 

oo  o  co  co  to  to  to  cn  a ■.  x  o  co  en  4s,  cn  o  c  ^  -1  *-  co  *-  cn  oo  o 

to  en  cn  -i  — *  x  on  to  to  o  oo  ^  cn  to  re  o*  cn  cc  cc  to  ~  —  — *  on  >r 

X  *-  tO  tO  CC  X  On  4-.  to  **  DC  M  On  "1  4-  co  on  cn  to  cc  co  on  cn  to  ^^ 


Mean  ultimate  strength  of  each 
series  of  blocks  in  pounds  per 
square  inch. 
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TABLE  No.  2. — Concrete  Blocks  with  Mortar  33%  of  the  Ag- 
gregate tn  Comparison  with  Blocks  in  which  the  Mortar  was 
40%  of  the  Aggregate. 


Mean  ulti- 
mate 

Serial 
number. 

Percentage 

strength  of 

Brand  of  cement. 

Mortar. 

Stone. 

Concrete. 

of 

each  series, 

shrinkage. 

in  pounds 

per  square 

inch. 

(I)    I 


12.. 
84.. 


49. 
107. 


(3) 


Genesee . . . 
Wayland  . . 
Champion. 


Means , 


(17) 


(18)         |         (19)        | 


(*) 


Dry  1  : 1  33°„'  Mortar. 


7 

29 

Champion 

Means 

1.58 

4.71 
4.50 
5.00 

1.50 

4.08 
4.53 

1.64 

1.57 

4.74 

4.30 

9.3 

Plastic  1  : 1  33°;  Mortar. 


1.75 
2.17 
1.58 

5.25 
6.50 
4.79 

4.77 
5.90 
4.35 

1.83 

5.51 

5.01 

9.1 

Excess  1  : 1  33";  Mortar. 


16 

1.66 
1.75 
1.70 

4.98 
5.23 
5.11 

4.54 

39 

Wayland 

4  75 

101 

4.64 

Means 

1.70 

5.11 

4.64 

Dry  1  : 1  40^  Mortar. 


44 

Wayland 

1.72 

104 

1.57 

Means 

Plastic  1  :  1  40V  Mortar. 


Wayland 

1.67 

1.66 

1.66 

4.12 
4.16 

3.86 
3.77 

4.14 

3.82 

Excess  1  : 1  40.V  Mortar. 


25 

1.67 

54 

Wayland 

1.75 

110 

1.68 

1.70 

4.16 
4.37 

4.20 


3.85 

4.(15 
4.00 


1 

Wayland 

59 

77 

96 

4.24  3.97 

Dry  1  :  2  83^  Mortar. 

2.40               7.11  6.90 

2.19                6.62  6.12 

2.64                8.04  7.28 

2.49                7.50  6.80 

2.37                7.14  6.61 


2.42 


7 

11 

6 

62 

8 

04 

7 

50 

7 

14 

7 

29 

9.2 


6.4 


C-40) 


4  130 
4  267 
2  659 


3  505 

4  072 
2  593 


3  622 
3  764 
2  279 


4.30 
3.90 

3.93 
3.70 

3  966 

3  123 

4.10 

3.82 

6.8 

4  123 
2  603 


3  191 
3  256 
2  196 


2  852 

2  888 

2  777 

3  265 
2  289 
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(1)       |  (3)  |        (17)        |        (18)       |  ,19)        |  (A)        |       (30) 

Plastic  1  :  2  33°,,   Mortar. 


35 Waylanci  .. 

62 Ironclad. . . 

80 Empire 

99 Champion. 


Means. 


2.44 

7.39 

2.56 

7.76 

2.39 

6.71 

2.42 

7.25 

2.45 


6.75 
7.04 
6.09 
6.58 

2  777 

2  552 

2  529 

2  146 

6.62 

9.1 

17. 

2.21 
2.04 
2.40 
2.63 

2.48 

6.62 
6.23 
7.25 
7.50 
7.50 

6.06 
5.55 
6.58 
6.80 
6.80 

2  524 

40 

2  817 

65 

2  436 

a3 

2  899 

102. 

P       

1  862 

2.35 

7.02 

6.36 

9.4 

19 

2.58 

45 

2.54 

68 

2.50 

86 

2.52 

105.... 

2.06 

2.44 

Dry  1  : 2  40.V  Mortar. 
6.43 
6.35 
6.25 
6.33 
5.18 


6.11 

Plastic  1  :  2  40.V  Mortar. 


22 

2.25 

50 

2.54 

71  :::;:: 

2.69 

89 

2.56 

108. 

2.44 

113 

Buffalo  Portland. . 

2.54 

2.50 

Excess  1 :  2  40,V  Mortar. 


6.54 

2  988 

5.87 

3  404 

5.78 

3  217 

5.87 

3  413 

4.90 

2  204 

5.79 

5.3 

5.62 
6.43 
6.71 
6.43 
6.08 
6.43 

5.26 
5.96 
6.22 
5.96 
5.62 
5.96 

2  962 

2  960 

2  994 

3  101 

2  037 

1  717 

6.28 

5.83 

7.1 

26 

55 

2.75 

2.58 
2.62 
2.56 
2.48 

74... 

92... 

111... 

2.60 

Dry  1  :  3  33  V  Mortar. 


8 

2.97 
3.12 
3.26 
3.25 
3.17 

8.93 

31 

9.38 

60 

9.78 

78... 

9.78 

97... 

9.59 



3.15 

9.49 

13. 
36. 
63. 
81. 
100. 
2. 


Plastic  1 
3.38 

3.18 

3.31 
S.44 
3.2fi 
3.25 

3.30       ; 

33,Y  Mortar 
10.14 


9.57 

10.00 

10.23 

9.78 

9.80 


9.92 


8.70 
8.62 
9.06 
9.27 

8.87 

8.S2 


6.82 

6.19 
5.96 
6.03 
5.96 
5.71 

2  544 

6.43 

3  168 

6.51 

2  866 

6.43 

2  729 

6.18 

1  711 

6.47 

5.97 

7.1 

8.63 
8.69 
9.06 
8.62 
8.90 

3  065 

2  056 

1  501 

1  992 

1  401 

8.78 

7.5 

2  311 

2  2(17 

1  750 

2  014 

1  337 

2  616 

10.4 
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(1)     I 


(3) 


I        (17)        |        (18)        |  (19,      | 

Excess  1  :  3  33%  Mortar. 


(A-) 


18 Genesee 

41 Wayland 

66 Ironclad 

84 Empire 

103 Champion 


Means 


20 Genesee 

16 Wavland 

69 Ironclad 

87 Empire 

106 Champion 

5 Genesee 


Means 


23 1  Genesee 

51 Wayland 

72 Ironclad 

90 Empire 

109 Champion 

114 Buffalo  Portland 


3  40%  Mortar. 


Means 


3.31 


27. 
56. 
75. 
93. 

112. 


9  .. 

4.00 

32 

61... 

Wavland 

4.24 
4.24 

79 

4.26 

4.18 

Dry  1  :  4  33%  Mortar. 

12.19 

12.86 

12.85 

12.85 


12.69 


9.2 


3 iGenesee. . 

42 WayL.nd. 

67 Ironclad  . 

85 Empire.. . 


Means 


Excess  1  :  4  33?<  Mortar. 
8.88  11.62  9.54 

4.24  12.71  11.70 

5.00  15.00  13.90 

•     4.42  13.24  12.00 


13.14 


11.78 


(30) 


2  255 
1  723 

1    TIN 

1  898 
1  168 

7.22 
7.59 
7.73 
7.43 
7.44 
6.78 

2  213 

2  179 

1  929 

2  376 

1  400 

2  423 

7.36 

8.4 

8.03 
8.29 
8.38 
8.33 
8.18 
8.18 

7.44 
7.68 
7.70 
7.75 
7.58 
7.58 

2  054 

2  027 

1  839 

2  023 

1  193 

958 

8.23 

7.62 

7.3 

Excess  1 
3.50 
3.38 
3.40 
3.44 
3.44 

:  3  40%   Mob 
8.80 
8.34 
8.50 
8.58 
8.65 

TAB. 

8.00 
7.75 
7.86 
8.00 

2  107 

2  016 

2  083 

1  913 

Champion 

1  127 

3.43 

8.57 

7.90 

7.8 

11.79 
11.66 
11.90 
11.65 

2  059 

1  810 

1  412 

1  666 

11.75 

7.4 

14 

Genesee 

Plastic  1 
4.28 
4.24 

4.24 
4.38 

:  4  33%  Mortar. 
12.86              11  70 

2  036 

37.   . 

12.80 
12. S5 
13.24 

11.34 
11.62 
12.00 



1  600 

tV4 

1  434 

82  .. 

1  523 

4.28 

12.94 

11.66 

9.9 

10.0 


2  416 
1  767 
1  594 

1  488 
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TABLE  No.  2.— (Concluded). 


(i)     I 


(3) 


21 ;  Genesee.. 

47 Wayland. 

70 Ironclad  . 

88 Empire... 


Means 


I        (17)        |        (18)        | 


(19) 


Dry 
4.34 

4.24 
4.12 
4.24 


:  4  40^  Mortar. 
10.97 

10.71  9.92 

10.46  9.70 

10.71  9.91 


4.24 


10.71 


9.84 


Plastic  1  :  4  40  .,   Mortar. 


Excess  1  :  4  40V  Mortar. 


6 

4.25 

28 

4.16 

57 

4.34 

76 

4.54 

94 

4.34 

4.33 

Dry  1  :5  33'0    Mortar. 


Plastic  1 : 5  33V  Mortar. 


(A) 


8.1 


(80) 


1  972 
1  671 
1  652 
1  806 

24 

4.34 
4.34 
4.46 
4.26 

10.90 
10.97 
11.25 
10.71 

10.16 

lii.1T 

1  -> 

52 

Wavland 

1  750 

73. 

1  544 

91... 

9.93 

1  726 

4.35 

10.96 

10.09 

8.0 

10.63 
10.40 
10.97 
11.25 
10.97 

8.31 

2  132 

1  846 

10.17 
10.43 

1  670 

1  508 

1  472 

10.84 

9.64 

11.0           

10. 

4.92 
5.16 

14.70 
15.41 

14.20 
14.39 

1  664 
1  537 

33. 

5.04 

15.05 

14.29 

5.1 

15     . 

5.00 
5.00 

15.00 
15.00 

13.73 
13.60 

1  801 

38.... 

1  586 

5.00 

15.00 

13.66 

8.3 
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TABLE  No.  3. 

SOOIABT    OF     C'ON'CKETE   TESTS   IN    TABLE   No.    2. 


33* 

4C 

•/ 

Col. 

■       - 
Table 

■       ' 
Table 

Col.         Per 

'    .-ent.  of 
Table    shrink- 
age. 

CoL 
Table 

Col. 

Table 

■ 

Col. 
■19-  of 
Table 

Per 
cent,  of 
shrink- 
age. 

1  to  1  Mortar. 

Drv 

3 
3 

3 

1.57 
1.83 

4.74 
5.51 
5.11 

- 

5.01 
4.04 

9.3 
9.1 

I 

3 

1.64 
1.66 
1.70 

4.10 
4.14 
4.24 

3.82 

-. 

3.97 

6.8 
7.7 

6.4 

2  to  1  Mortar 

Lit 

Excess 

5 

f 

2.42 
2.45 

■    .- 

:    . 

. 

7.4 
9.1 

- 

2.44 
B.50 

6.12 
0.28 

0.47 

5.89 
5.83 

3.8 

7.2 
7.7 

3  to  1  Mortar 

Drv 

Plastic 

5 

3.15 
3.30 
8.25 

. 

8.78    1     :..- 
8.89    1    10.4 

-   • 

4  to  1  Mortar 

1    6 
6 

5 

3.21 
3.31 
3.43 

8.03 
-    . 
B.57 

7.36 
7.62 
7.90 

8.4 

7.4 
7.8 

Dry 

Plastic 

Excess 

4 
4 
4 

■ 

12.09 
12.91 

13.14 

11.75          7.4 
11.66    i      9.0 
11.78    |    10.4 

5  to  1  Mortar 

4.24 
4.35 
4.33 

10.71 
10.96 
10.84 

9.84 
10.09 
9.64 

8.1 
7.9 
11.1 

Drv 

1 

5.04 

-      - 

15.05 
15.00 
15.20 

13.60 
13.60 

5.1 
9.1 

10.5 

1 
1 
1 

4.42 

11.25 
12.50 
12.90 

Plastic 

11.58 

T  ,5 
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STREET    GRADES    AXD    CROSS-SECTIONS    IX 

ASPHALT  AXD  CEMENT. 

Discussion.* 


Bv  Messrs.  J.  M.  Evans  and  A.  F.  Hakley. 


J.  M.  Evans,  Jun.  Am.  Soc.  C.  E. — Judging  from  the  speaker's  ex-  Mr.  Evans, 
perienee  in  street  work  in  Xew  York  City,  the  double  curve  would  find 
little  or  no  place  of  usefulness  there;  the  objections  already  mentioned 
in  the  discussion  being  sufficient  to  exclude  it.  One  objection,  how- 
ever, which  has  not  been  mentioned  and  yet  is  of  grave  importance,  is 
the  impossibility  of  keeping  such  a  step  in  a  sanitary  condition,  as  it 
would  afford  a  convenient  repository  for  filth.  In  New  York  City  it  is 
the  custom  to  place  hydrants,  lamp-posts,  fire-alarm  posts,  etc..  very 
near  the  curb.  In  the  double-curb  arrangement  these  would  natur- 
ally be  set  in  the  tread  of  the  step,  and  the  space  around  them  would 
soon  become  filthy  and  unsightly.  It  would  be  more  difficult  to  keep 
the  step  clean  than  the  gutter,  as  no  large  flow  would  ever  reach  the 
step  to  cleanse  it.  while  flushing  and  rains  would  thoroughly  cleanse 
the  gutter. 

The  methods  outlined  by  Mr.  Tillson  are  much  more  advantageous 
than  those  described  by  the  author,  and  this  is  particularly  true  of 
the  method  of  making  the  step  at  the  stoop  or  area  line.  It  is  a 
common  sight  to  see  a  house  of  the  low-basement  style  where  there 
are  four  or  five  steps  leading  to  the  basement  floor,  and  from  eight  to 
twelve  leading  up  to  the  first  floor.     When  these  houses  are  located  on 

*  Continued  from  March.  1809.  Proceedings.  See  February.  1899,  Proceedings  for 
Paper,  by  Robert  P.  Woods,  Jun.  Am.  Soc.  C.E.,  on  this  subject. 
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Mr.  Evans,  the  higher  side  of  the  street,  the  speaker  can  see  no  reason  why  the 
sidewalk  could  not  be  depressed  from  5  to  8  ins.,  thereby  doing  away 
with  one  or  two  of  the  steps  down  to  the  basement  floor  and  adding  them 
to  the  steps  to  the  first  floor.  This  increase  in  the  number  of  steps  to 
the  first  floor  might  be  considered  an  objection,  but  hardly  a  serious 
one,  as  in  the  same  block  the  number  of  steps  often  varies  from  three  or 
four  to  a  dozen.  It  would  seem  that  it  could,  therefore,  be  easily  ad- 
justed. In  business  blocks,  where  there  is  a  longitudinal  grade,  it  is 
the  custom  to  provide  a  series  of  steps  in  the  coping  of  the  area  wall 
which  vary  from  nothing  at  the  upper  end  to  6  or  even  8  ins.  at  the 
lower  end.  It  seems  that  there  ought  to  be  no  serious  objection  to 
using  practically  the  same  method  on  transverse  grades,  providing  the 
whole  street  can  be  improved  thereby,  and  it  is  manifest  that  many 
streets  could  be  improved  in  this  manner. 

Numerous  petitions  are  made  by  residents  for  improved  pavements, 
vet,  so  far  as  the  speaker  knows,  very  few  of  the  petitioners  are  will- 
ing to  submit  to  even  the  slightest  inconvenience  for  the  sake  of 
improvement,  much  less  would  they  be  likely  to  submit  to  any  lower- 
ing of  the  sidewalk,  or  anything  that  would  touch  their  pocket-books. 
The  speaker  knows  of  instances  where  it  was  even  impossible  without 
process  of  law  to  get  owners  to  make  the  slight  repairs  to  their  side- 
walk made  necessary  by  setting  a  new  curb.  It  would  seem,  there- 
fore, that  some  form  of  legislation  would  be  necessary  in  order  to  pro- 
vide for  these  adjustments,  in  repaying  a  street. 

The  speaker  recalls  an  instance  where  a  catch-basin  was  left 
stranded  on  the  summit  of  a  pyramid  by  changing  the  cross-section  of 
the  street  at  that  intersection.  This  was  caused  by  a  difference  of 
some  2  or  3  ft.  in  the  curb  levels.  The  cross-section  of  the  new  pave- 
ment was  the  already  mentioned  "straight  line  with  1-in.  crown." 
What  the  old  cross-section  was,  the  speaker  does  not  know,  but  he  re- 
members that  from  10  to  '20  ins.  of  material  was  removed  from  the  old 
crown,  in  reconstruction.  This  left  the  catch-basin  in  its  exalted  posi- 
tion which  was  determined  by  the  unchangeable  law  of  the  sidewalks. 
Had  the  authorities  been  able  to  carry  the  improvement  to  the  prop- 
erty  line,  a  step  at  the  area  line  would  have  solved  the  difficulty,  im- 
proved the  street,  and  kept  the  drainage  from  flooding  diagonally 
across  the  street,  deluging  the  cross-walks  and  overflowing  the  shallow 
gutters  on  the  lower  side  of  the  street. 

An  interesting  question  is  presented  by  the  method  of  taking  care 
of  street  drainage  mentioned  by  Mr.  Owen,  in  cases  where  under- 
trolleys  are  operated,  for  the  reason  that  much,  if  not  all,  of  the  water 
will  flow  into  the  slot  and,  doubtless,  cause  much  trouble  and  annoy- 
ance in  operation.  As  to  whether  a  city  can  so  construct  its  streets  as 
to  make  a  storm  sewer  out  of  an  under-trolley  conduit  is  probably  a 
question  for  the  courts.     Granted  that  it  has  such  a  right,  it  seems 
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hardly  fair  to  citizens  and  patrons  of  the  road,  to  say  nothing  of  the  Mr.  Evans. 
company,  that  they  should  be  subjected  to  the  inconvenience  and  irri- 
tation of  blockades  incident  to  "short  circuits,"  "burn-outs,"  etc., 
caused  by  improper  city  drainage.  In  New  York  City,  where  one,  from 
necessity  rather  than  choice,  must  live  far  from  business,  and  depend 
upon  street  railways  for  transportation,  the  latter  should  be  considered 
as  a  necessary  adjunct  to  business  rather  than  a  necessary  evil. 

A.  F.   Hakley.  M.  Am.  Soc.  C.  E. — The  problem  of  street  grades  Mr.  Harley. 
and  cross-sections  is,  perhaps,  one  of  the  first  that   confronts  a  city 
engineer,  and  is  one  in  which,   between  his  own  judgment  and  the 
wishes  of  the  various  property  owners,  he  is  likely  to  find  trouble. 

In  considering  the  subject,  great  difference  should  be  made  in  the 
treatment  of  business  and  residence  streets.  Good  renting  property 
on  business  streets  should  be  provided  with  such  sidewalk  grades  in 
front  of  the  various  stores  as  to  cause  the  pedestrian  to  literally  roll 
into  the  store  he  may  be  passing.  No  such  thing  as  a  step  should 
ever  be  provided  near  the  building  line,  but  if  the  grade  of  the  side- 
walk is  not  flush  with  the  floor  level,  the  entrance  to  the  store  should 
be  "  bayed,"  and  a  cast-iron  foot-plate,  connecting  the  two  elevations, 
should  be  set  in.  On  business  streets  it  would  not  be  objectionable, 
if  it  were  found  absolutely  necessary,  to  maintain  a  sidewalk  grade 
even  18  ins.  above  the  gutter.  We  know  that  when  this  is  the  case, 
the  street,  or  rather  the  original  surface  of  the  ground,  has  invariably 
a  hill-side  cross-section,  and  at  each  end  of  the  block  the  grade  at  in- 
tersecting streets  would  make  a  tread  from  the  sidewalk  to  the  gutter 
of  not  over  6  or  8  ins. 

It  is  the  writer's  observation  that  store-keepers  prefer  this  high 
curb,  as  it  requires  pedestrians,  ladies  especially,  to  promenade  the 
full  length  of  the  block  and  pass  other  stores,  while  intending  to 
visit  only  one  in  the  row.  Then,  again,  the  facility  for  unloading, 
already  mentioned  by  Mr.  Owen,  is  a  point  well  made. 

A  municipal  engineer  should  always  remember  that  the  great  ma- 
jority of  the  citizens  walking  over  a  street  surface  do  not  carry  in  their 
heads  an  engineer's  eye,  and,  so  long  as  the  water  does  not  remain  on 
the  surface,  they  could  not  tell  which  way  the  water  flowed  after  the 
rain  had  ceased,  and  especially  could  they  not  detect  a  hill-side  cross- 
section,  i.  e.,  one  in  which  the  summit  has  been  shifted  from  the  center 
toward  the  higher  side,  nor  a  warped  surface  that  runs  out  in  100  to 
200  ft. ,  spoken  of  by  Mr.  North.  Differences  of  elevation  on  the  sur- 
face of  the  street  paving  proper,  as  a  rule,  are  not  detected,  even  when 
the  water  in  the  gutters  on  each  side  of  the  street  runs  in  opposite 
directions  for  a  short  distance,  as  might  be  the  case  at  the  intersection 
of  streets  that  had  grades  of  say,  4  ins.  and  4  ft.,  respectively. 

The  writer  holds,  with  Mr.  Tillson.  that  a  street  should  always 
have  some  crown,  to  allow  of  slight  wear  to  the  surface,   which  is 
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r.  Harley.  always  most  in  the  center,  provided  there  is  no  electric  railroad  on 
the  street.  But  on  the  other  hand,  on  narrow  business  streets,  say, 
30  ft.  in  width,  occupied  for  more  than  half  their  width  in  the  center 
by  two  electric  street  railroad  tracks,  in  the  writer's  opinion,  it  is  an 
open  question  whether  it  would  not  be  desirable  to  throw  all  the  water 
to  the  center,  provided  it  could  be  collected  and  carried  off,  as  it  would 
be  the  only  moving  thing  that  would  not  meet  its  death  by  being  run 
over  in  crossing  the  track;  while  the  surface  of  the  street  close  to  the 
curb  line  would  be  more  available  for  vehicular  travel;  in  fact,  this 
gutter  space  would  be  gained.  In  a  street  railroad,  especially  one  in 
which  the  use  of  the  ordinary  "jVrail  is  permitted,  the  paving  between 
the  rails  is  given  a  crown  of,  say,  1  in. ;  thus  little  streamlets  are 
formed  and  are  compelled  to  run  the  entire  length  of  the  longitudinal 
grade  on  the  street,  which  is  bad  for  both  the  railroad  and  the  pave- 
ment, as  it  is  almost  impossible  to  make  water-tight  joints  between 
the  rails  and  the  adjoining  pavement.  By  the  adoption  of  a  central 
gutter  the  necessity  for  making  these  joints  absolutely  water-proof  is 
avoided.  Were  it  not  for  the  appearance  the  writer  would  like  to  see 
the  paving  between  the  rails  concaved,  instead  of  convexed,  and  cast- 
iron  gratings  having  the  same  concavity  placed  over  catch-basins 
built  in  the  center  of  the  track  at  the  required  intervals. 

The  writer  does  not  think  it  would  be  very  much  to  ask  of  street 
railroads  using  the  underground  electric  system,  to  make  provision  in 
their  conduits  to  carry  off  the  surface  water  that  might  be  led  into 
them  in  this  manner. 

Another  point  is,  that  while  a  very  large  majority  of  people,  in 
walking  or  driving  over  a  street,  do  not  notice  the  grades  on  a  con- 
tinuous asphalt  surface,  as  already  stated,  they  readily  detect  the 
difference  in  the  height  of  the  curbs  on  the  street  over  which  they  are 
driving;  even  such  a  small  difference  as  4  is  to  6  ins.  It  would, 
therefore,  be  advisable  on  all  residence  streets  to  make  the  height  of  the 
exposed  curbing  the  same  on  both  sides  of  the  street,  even  though  the 
surface  of  the  pavement  may  have  a  "  hill-side  cross-section  "  or  be  a 
"  warped  surface." 
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F.  H.  CiLiiEY,  Esq. — The  author  in  his  exposition  of  criteria  for  the  Mr.  Cilley. 
position  of  loads  causing  maximum  stress  offers  an  interesting  ex- 
tension of  the  well-known  rule  for  loading  for  maximum  moment  at 
a  given  section  of  a  beam,  that  the  average  load  on  both  sides  of  the 
section  shall  be  equal.  His  principle  applies  to  all  cases  in  which  the 
influence  line  consists  of  three  lines,  which  include  most  cases  arising 
in  connection  with  statically  determined  frameworks.  And  in  the  case 
of  an  influence  line  whose  end  lines  intersect  in  the  region  of  the 
middle  line  the  rule  still  possesses  a  simple  objective  interpretation 
like  that  of  the  earlier  moment  rule,  which  applied  only  to  two-line  in- 
fluence lines. 

It  may,  perhaps,  be  of  interest  to  note  some  very  simple  and  wholly 
general  facts  in  connection  with  influence  lines.  First,  the  influence 
line  for  the  stress  in  any  bar  of  any  framework  whatsoever,  determinate 
or  indeterminate,  consists  simply  of  a  series  of  straight  lines,  if  we 
neglect  secondary  stresses.  It  follows,  therefore,  that  the  variation  in 
stress  in  any  such  bar,  due  to  the  movement  along  the  load  line  of  a 

*This  discussion  (of  the  Paper  by  L.  M.  Hoskins,  Esq.,  printed  in  Proceedings  for 
March,  1899),  is  printed  in  Proceedings  in  order  that  the  views  expressed  may  be  brought 
before  all  members  of  the  Society  for  further  discussion.  (See  rules  for  publication, 
Proceedings,  Vol.  xxv,  p.  71.) 

Communications  on  this  subject  received  prior  to  May  26th,  1899,  will  be  printed  in  a 
later  number  of  Proceedings,  and  subsequently  the  whole  discussion  will  be  published 
in  Transactions. 
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Mr.  cniey.  series  of  concentrated  loads  maintained  at  invariable  distances  apart, 
is  a  linear  function  of  the  amount  of  movement  of  the  load.  A  linear 
function  of  a  variable  can  become  a  maximum  or  minimum  only  at  a 
point  of  discontinuity  of  the  function,  that  is  to  say,  in  this  ease,  only 
when  some  load  passes  an  angle  of  the  influence  line.  For  a  maximum 
it  is  evident  that  the  angle  must  be  concave  toward  the  zero  line  in  a 
region  of  positive  influence,  convex  toward  the  zero  line  in  a  region  of 
negative  influence;  and  for  a  minimum,  the  reverse  is  the  case. 

A  particularly  objective  and  interesting  general  rule  as  to  the  posi- 
tion of  loads  for  maximum  influence  is  found  in  the  following: 

Imagine  (in  Fig.  9),  a  track  of  the  form  of  the  influence  line  with 
positive  part  down  and  zero  line  horizontal.     Imagine  a  series  of  small 


Fig.  9. 


wheels,  the  weights  of  which  are  proportioned  as  those  of  an  actual 
series  of  loads,  and  which  are  free  to  move  vertically,  independently; 
but  horizontally  only  all  together,  that  is,  with  constant  horizontal 
spacing.  A  position  of  stable  equilibrium  of  this  series  of  wheels  on 
the  influence  line  track  will  correspond  to  a  position  for  maximum  in- 
fluence of  the  corresponding  actual  loads  with  similar  spacing.  Here 
it  is  very  evident  that  some  load  must  be  at  an  angle  concave  from 
above.  The  reasons  for  this  rule  will  readily  be  perceived.  Its  imme- 
diate source,  if  the  writer's  memory  is  not  in  error,  is  an  Italian  work 
on  graphic  statics. 
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DAVID  LEONARD  BARNES,  M.  Am.  Soc.  C.  E.* 


Died  December  15th,  1896. 


David  Leonard  Barnes  was  born  in  Srnithfield,  B.  I.,  August  23d, 
1858.  When  he  was  but  eleven  years  old  his  father  died,  and  the 
young  man  was  led  thus  early  in  life,  to  the  exercise,  in  a  serious  way, 
of  self-reliance  and  responsible  judgment.  At  the  age  of  fifteen  he 
entered  a  civil  engineer's  office  in  Providence,  where  his  work  included 
town  surveys  and  the  laying  out  of  streets.  His  mind,  however,  was 
set  upon  obtaining  an  education  better  than  that  afforded  by  the 
routine  of  a  surveyor's  office,  and  he  spent  the  three  years  following 
1876  in  Brown  University  and  the  Massachusetts  Institute  of  Tech- 
nology as  a  special  student,  while  the  vacations  were  occupied  in 
engineering  work.  He  received  the  degree  of  Master  of  Arts  from 
Brown  University,  but  took  no  degree  from  the  Institute  of  Tech- 
nology. Although  surveying  and  municipal  work  were  his  earliest 
engineering  employments,  both  the  bent  of  his  mind  and  his  special 
studies  inclined  to  the  mechanical  side  of  civil  engineering,  and  it  was 
in  this  that  his  reputation  was  won.  He  served  three  years  following 
1879  in  the  machine  shops  and  drafting  rooms  of  the  Bhode  Island 
Locomotive  Works,  at  Providence,  R.  I.,  and  the  Hinckley  Locomo- 
tive Works,  Boston,  Mass.  He  was  Chief  Draftsman  at  the  Rhode 
Island  Works  when,  in  1884,  he  left  to  become  the  Mechanical  En- 
gineer and  Chief  Draftsman  of  the  New  York  Locomotive  Works  at 
Rome,  N.  Y. ,  which  were  built  in  that  year.  Returning  to  Providence 
he  passed  three  more  years  as  Chief  Draftsman  and  Mechanical  En- 
gineer of  the  locomotive  works  with  which  he  had  begun  his  mechan- 
ical practice. 

Mr.  Barnes  had  now  become  well  known  as  a  designer  of  railway 
rolling-stock  and  an  authority  on  many  other  matters  connected  with 
railway  operation,  and  in  1888  he  entered  upon  consulting  practice, 
with  offices  in  Chicago,  111.,  and  New  York  City.  During  his  service 
in  the  locomotive  shops  he  had  designed  and  superintended  the  con- 
struction of  about  800  locomotives,  and  also  a  large  number  of  station- 
ary and  steamboat  boilers  and  special  tools.  At  the  Rhode  Island 
*  Memoir  prepared  by  the  Secretary  from  papers  on  file  and  from  various  sources. 
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works  he  had  planned  and  supervised  the  construction  of  dynamos 
and  electric  motors  for  street  railway  equipment,  and  designed  the 
shops  of  the  Boston  and  Maine  Eailroad.  The  shops  of  the  Bentley- 
Knight  Electric  Eailroad  Company  were  completed,  fitted  up,  equipped 
and  put  in  operation  under  his  direction.  The  equipment  of  the 
Allegheny,  Pa.,  Electric  Street  Bail  way  was  also  designed  under  his 
supervision.  At  the  Borne  works,  Mr.  Barnes  designed,  purchased  and 
superintended  the  construction  of  a  large  part  of  the  machinery 
installed,  as  well  as  of  the  first  locomotives  built  at  the  works.  Other 
work  of  a  general  character  included  the  design,  for  the  Providence 
Ship  Windlass  Company,  of  steam  windlass  and  hoisting  gear  for  the 
United  States  Government.  In  1888  he  became  consulting  engineer 
to  the  Railroad  Gazette,  New  York  City,  a  relation  which  was  later 
broadened  to  engagement  as  mechanical  editor,  which  connection  was 
maintained  until  his  death. 

Mr.  Barnes'  work  as  a  consulting  engineer  included  designs,  tests,, 
inspection  and  reports  covering  the  whole  range  of  railway  rolling- 
stock  and  operating  devices,  manufacturing  plants,  iron-work  for 
buildings  and  steam-engine  construction.  He  was  engaged  as  consult- 
ing engineer  by  the  London  Central  Subway  Bailway  and  by  the  New 
York  Underground  Railroad.  The  Chicago  and  South  Side  Rapid 
Transit  Railroad,  known  as  the  Alley  Elevated,  retained  him  to  have 
general  supervision  of  the  design  and  construction  of  its  rolling  equip- 
ment, signaling,  lighting  and  shop  plant.  He  made  a  radical  departure 
from  the  current  practice  on  elevated  railways,  by  introducing,  in  1893, 
compound  locomotives  on  the  Chicago  line.  When  the  Baldwin  Loco- 
motive Works  and  the  Westinghouse  Electric  and  Manufacturing  Com- 
pany decided  to  join  forces  in  an  endeavor  to  realize  the  union  of 
the  essential  features  of  the  standard  steam  locomotive  and  the 
accepted  practice  in  the  arrangement  of  mechanism  for  electric  trac- 
tion. Mr.  Barnes  was  engaged  to  take  charge  of  the  work.  He  entered 
upon  this  labor  with  enthusiasm,  and  the  designs  produced  have  been 
commended  for  their  robust  simplicity  and  adaptability  to  the  work 
required. 

Mr.  Barnes  was  endowed  with  unusual  strength  and  energy,  both 
physical  and  mental.  He  was,  by  nature,  a  mathematician,  and  had 
strong  powers  of  analysis  and  reasoning.  He  found  pleasure  in  the 
discussion  of  technical  questions,  and  his  arguments  were  marked  by 
a  directness  of  address  to  the  main  issues,  which  irrelevant  details  were 
never  allowed  to  obscure.  He  had  the  scientific  love  of  truth,  and  his 
published  work  was  of  a  nature  to  stimulate  his  fellow  engineers  to 
thought  and  effort.  A  rapid  and  systematic  worker,  in  addition  to  his 
editorial  labors  for  the  technical  press,  he  made  many  contributions  to 
the  publications  of  the  Master  Car  Builders'  Association,  the  Master 
Mechanics'  Association  and  the  Western  Railway  Club,  and  his  work 
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included  numerous  reports  on  locomotive  and  car  construction,  and 
on  electricity  as  a  motive  power  for  railroads.  He  carried  to  com- 
pletion a  revised  edition  of  "Compound  Locomotives,"  taking  up 
the  work  after  the  death  of  Arthur  Tannatt  Woods,  the  author,  and 
about  a  year  before  his  death  he  wrote  a  book  on  "  Electric  Locomo- 
tives." 

Mr.  Barnes  became  a  Member  of  the  American  Society  of  Civil 
Engineers,  July  2d,  1890.  He  was  also  a  Member  of  the  American 
Society  of  Mechanical  Engineers,  an  Associate  Member  of  the  Institu- 
tion of  Civil  Engineers,  a  Member  of  the  Engineers'  Club  of  New  York 
and  of  various  societies  of  railroad  operating  officers.  He  was  married 
April  7th,  1896,  to  Ida,  daughter  of  Colonel  B.  J.  D.  Lwin,  U.  S.  A. 
(Betired),  formerly  Assistant  Surgeon-General.  In  the  summer  of  1896 
Mr.  Barnes  relaxed  business  engagements  for  a  trip  to  Europe  in  hope 
of  improved  health,  but  was  soon  obliged  to  return  for  medical  treat- 
ment. During  the  summer  his  strength  steadily  declined,  but  he  did 
not  cease  work  until  two  weeks  before  his  death. 
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WILLIAM  ROBERTS  MICHIE,  Assoc.  M.  Am.  Soc.  C.  E.* 


Died  Februaky  2d,  1899. 


This  young  engineer,  cut  off  in  his  prime,  was  born  at  Yanktown, 
McDowell  County,  N.  C,  September  22d,  1866.  His  father,  Peter  S. 
Michie,  now  Professor  of  Natural  and  Experimental  Philosophy  at 
the  United  States  Military  Academy  at  West  Point,  had  served  with 
distinction  through  the  Civil  War,  had  risen  to  the  rank  of  General 
of  Volunteers,  and  was  at  that  time  in  the  regular  army.  As  the  en- 
gineer officer  of  the  Army  of  the  James,  Gen.  Michie  had  rendered 
distinguished  services,  so  that  the  son  came  by  his  taste  for  engineer- 
ing in  a  manner  almost  hereditary.  It  was  the  desire  of  the  parents 
that  the  young  man  should  be  educated  at  the  United  States  Military 
Academy,  but,  owing  to  a  slight  trouble  with  his  eyes,  he  was  sent  in- 
stead to  Dartmouth  College,  where  he  was  graduated  as  a  civil  en- 
gineer, in  April,  1889,  from  the  Thayer  School  of  Civil  Engineering. 
Professor  Robert  Fletcher,  the  head  of  the  Thayer  school  at  that  time, 
was  a  graduate  of  West  Point,  so  that,  although  Mr.  Michie  was 
denied  admission  to  the  Military  Academy  on  account  of  a  disability 
which  was  never  perceptible,  he  nevertheless  obtained  an  education 
modeled  very  much  on  the  West  Point  lines.  He  showed  his  ability 
at  once  on  graduation  to  such  an  extent  that  after  a  brief  service  on 
the  St.  Louis  and  San  Francisco  Railway  he  rose  to  the  position  of  as- 
sistant engineer.  He  had  charge,  for  that  railway,  of  the  construc- 
tion of  a  pier  and  one  span  of  the  Red  River  Bridge,  and  made  surveys 
for  wing  dams  to  change  the  current  of  the  Red  River. 

He  entered  the  service  of  the  Pennsylvania  Railroad  Company, 
April  20th,  1889,  upon  the  recommendation  of  Mr.  Frank  Thomson, 
and  had  occupied  the  following  positions  on  this  celebrated  railroad: 
1889,  chainman  on  construction  of  the  Ardara  Bridge,  also  at  Viaduct 
and  South  Fork  Bridges  until  August,  when  he  became  rodman  on  the 
construction  of  the  Wall  repair  shops;  1890,  in  July,  Acting  Assistant 
Engineer  in  the  construction  of  a  new  yard  at  Altoona;  in  October 
promoted  to  Assistant  Engineer,  Altoona  yards,  surveys  for  South 
Fork  Railroad  and  part  of  its  construction;  construction  of  Wall 
yard  and  round  houses,  a  large  railroad  yard  near  Pittsburg ; 
construction  of  the  Sang  Hollow  extension,  approximately  fifteen 
miles ;  1895,  construction  of  third  and  fourth  track  work  on  the  Pitts- 
burg Division  and  at  various  points  on  the  Johnstown  Branch;  1896, 
completing  the  Wilmerding  Branch,  and  on  the  new  line  at  Nineveh  and 
the  Radebaugh  Tunnel;  1897,  construction  work  on  the  Pittsburg  Di- 
vision, change  of  line  and  additional  tracks  at  various  points;  1898, 
construction  work,  additional  track-work  in  Johnstown  and  vicinity 
and  the  Portage  Tunnel;  1899,  resigned  January  10th. 

*  Memoir  prepared  by  William  H.  Wiley,  M.  Am.  Soc.  C.  E. 
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To  show  what  rare  capacity  he  exhibited  at  the  beginning  of  his 
career  some  details  are  given:  In  November,  1890,  within  six  weeks' 
time,  he  made  the  surveys  for  the  extension  from  South  Fork  to 
Dunlo,  and  the  line  was  afterward  built  on  his  location.  The  change 
of  line  from  Portage  to  Tilly  was  also  constructed  practically  in  accord- 
ance .with  Mr.  Michie's  surveys,  made  in  1891.  In  that  year,  also,  Mr. 
Michie  had  charge  of  much  important  work  on  the  Pittsburg  Di- 
vision. Entering  upon  the  construction  of  the  extensive  Wall  yards, 
in  the  early  stages  of  the  work,  he  carried  it  to  completion  in  December, 
1892,  and  built  at  the  same  time  a  44-stall  roundhouse.  Under  his 
direction  the  line  between  Turtle  Creek  and  Brinton  was  changed, 
and  the  Wilmerding  Branch  Railroad  was  constructed. 

After  the  Johnstown  flood  Mr.  Michie  was  engaged  in  the  recon- 
struction of  the  track  and  was  inspector  in  charge  of  the  construction 
of  the  celebrated  Viaduct  Bridge  near  South  Fork,  Pa.  This  structure, 
which  is  notable  as  one  of  the  largest  arch  bridges  in  the  United 
States,  has  two  80-ft.  spans  and  is  over  100  ft.  in  height.  He  also  had 
charge  of  the  extensions  to  the  large  arch  bridges  over  the  Juniata 
River;  five  spans  of  60  ft.  each.  In  addition  to  the  record  of  service 
given  as  above  by  years,  Mr.  Michie  was  in  charge  of  numerous  impor- 
tant surveys  for  changes  of  the  line  and  branches  on  the  Philadelphia 
and  Erie,  and  on  the  Northern  Central  Railroads  as  well  as  on  the 
Baltimore  and  Potomac  Railroad,  near  Washington,  D.  C.  He  had 
full  charge  of  building  the  Radebaugh  Tunnel,  2  100  ft.  long,  near 
Greensburg,  Pa.,  and  was  so  successful  with  this  work  that  he  was 
detailed  to  superintend  the  rebuilding  of  the  celebrated  Portage 
Tunnel  at  Gallitzin,  Pa.  This  was  the  last  construction  work  he 
undertook  for  the  railroad  company,  as  he  resigned  his  position  in 
January,  1899,  to  accept  an  advantageous  appointment  in  Cuba.  Mr. 
Michie  was  quite  familiar  with  the  uses  of  steam  and  with  steam 
engines  and  machinery  generally,  and  could  handle  a  locomotive, 
apparently,  as  well  as  the  engine-runner. 

This,  in  brief  form,  is  the  record  of  an  engineer  who,  had  he  lived, 
would  have  attained  great  distinction  in  his  profession.  The  writer 
knew  him  when  he  was  a  boy,  and  he  possessed  such  lovable  traits  of 
character  that  he  drew  everyone  toward  him.  As  a  man  he  justified 
all  these  early  characteristics  and  was  one  of  the  most  popular  men  on 
the  Pennsylvania  Railroad.  For  the  preparation  of  this  memoir  there 
were  available  not  only  many  personal  letters  from  his  associates  and 
from  those  under  his  immediate  charge,  but  also  newspaper  extracts 
containing  accounts  of  Mr.  Michie  and  his  work,  and  all  of  these  ex- 
pressed the  sentiment  of  a  personal  loss  sustained  by  the  writers. 

Mr.  Michie  was  elected  a  Junior  of  the  American  Society  of  Civil 
Engineers,  February  28th,  1893,  and  an  Associate  Member,  October 
7th,  1896. 
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of  Civil  Engineers  and  Architects  in  1852  is  then  described, 
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/^Polytechnics^, 
%&<-    Institute, 
%        Troy,  N.Y. 

Local  examinations  provided  for.  Send  for  a  Catalogue 


Louisville  Cement. 


The  undersigned  is   General   Agent  for  the  following  Standard  Brands  of 
Louisville  Cement : 

FALLS  MILLS  (J.  Hnlme  Brand), 

BLACK.  DIAMOND  MILLS  (River),  Diamond  Brand, 
SPEED  MILLS,  Star  Brand, 

FALLS  CITY  MILL.**,  Anchor  Brand, 

BLACK  DIAMOND  MILLS  (Railroad),  Diamond  Brand. 


This  Cement  has  been  in  general  use  throughout  the  West  and  South 
since  1830,  most  of  the  public  works  having  been  constructed  with  it.  Orders 
for  shipment  to  any  part  of  the  country,  by  rail  or  water,  will  reoeive  prompt 
and  careful  attention. 

Sales  for  1892,  3,143,508  Barrels. 

WESTERN     CEMENT     COMPANY, 

247  W.  Main  St.,  Louisville,  Ky. 


FRONTIER 

Single  and  Tandem  Cylinder 

GAS  AND  GASOLINE  ENGINE. 

PARTICULARLY  ADAPTED  FOR 

Pumping   and  Electric    Lighting 
FRONTIER  IRON  WORKS, 

Atwater  Street,  Detroit,  Mich. 
Builders  aud  Western  Sales  Agents. 


Vertical,  2  to  10  H.-P. 
Horizontal,  10  to  100  H.-P. 


YARYAN  CO.,  41  Park  Row,  New  York,  Eastern  Sales  Agents. 
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Architects  and  Builders, 

When  making  Contracts,  should  remember  that 

12,000,000  Barrels 

"HUFFMAN" 

CEMENT 

Have  been  used  on  important  works  throughout  the  United  States. 

No  other  Cement  Company  can  show  such  a  Record. 

Lawrence  Cement  Co. 

Sales  Office,   No.   i   Broadway,   New  York. 


LABORATORIES  OF  Dr.  CHAS.  F.  McKEM,  g2'  win.  »t.,  new  vqrk, 

Successor  to  Dr.  GIDEON  E.  MOORE. 

DEPARTMENT  OP  CHEMISTRY.  Analyses  and  Assays  of  Ores,  Metals,  Waters  and  Natural 
and  Industrial  Products  of  every  description. 

DEPARTMENT  OP  PHYSICAL  TESTS.  Tensile,  Transverse  and  Compression  Tests  of  Iron ,  Steel 
and  other  Metals  and  Alloys,  Cements,  Building  Stones  and  Engineering  Materials  generally. 

ESTABLISHED    1856. 


Warren  Foundry  and  Machine  Co, 

WORKS  AT  PHILLIPSBURG,   NEW  JERSEY. 

SALES  OFFICE:   160  BROADWAY,    NEW  YORK. 


CAST-IRON,  WATER  AND  GAS  PIPE, 

Feom  3  to  48  Inches  Diameter. 
Also  all  sizes  of  FLANGED    PIPE  and  SPECIAL.   CASTINGS. 


IMPROVED  RIGID&  $PRiriC  FRO05XR0pG3|  Track  Work  i 

Singled  Three  Throw  'Split  Switches  J  B^ffiSffA- 1 


THE    F.  O.   NORTON    COMPANY, 


-MANUFACTURER    OP- 


92    BROADWAY,   NEW  YORK. 


Particularly  adapted  for  work  under  water,  for  which  use  it  is 
superior  to  the  best  Portland  Cement,  when  used  i  to  i. 

Certificates  of  tests  and  reports  on  actual  use  in  important  public 
works  furnished  on  application. 


OUR    LEADING 

Architects,  Engineers  and  Builders 

SPECIFY  AND  USB 

BROOKLYN    BRIDGE    BRAND 

ROSENDALE    HYDRAULIC   CEMENT. 

PARK  ROW  OFFICE   BUILDING-30  STORIES. 
USED  EXCLUSIVELY  ON  -j     WALDORF-ASTORIA  HOTEL-LARGEST  IN  THE  WORLD. 

HAVE  SUPPLIED  FOR  NEW  YORK  CROTON  AQUEDUCT,  IN  1897  AND  1898,  165,000  BARRELS. 


ATLAS  Ported  Cement 

IS  THE  STANDARD 
AMERICAN    PORTLAND. 

The  U.  S.  Government  gives  it  preference  over  all  other  brands. 

ATLAS  CEMENT  CO., 
J43  LIBERTY  STREET,  NEW  YORK  CITY. 


IRONCLAD  PORTLAND  CEMENT 

Manufactured  by  Glens  Falls  Portland  Cement  Co. 

Sole  Selling  Agent,  Commercial  Wood  &  Cement  Co., 

156    FIFTH    AVENUE,    NEW   YORK 


High-grade  American 
PORTLAND  CEMENT 

unsurpassed  for  making 

Fine  Artificial  Stone. 
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F.  E.  BRANDIS  SONS  &  CO., 


MANUFACTURERS   OF 


Engineers'  and  Surveyors'  Instruments, 

814    GATES    AVENUE, 

Jjg*a      BROOKLYN,      NEW     YORK. 

«3Ll*'ill  ri  «#»  ' 

Catalogues  mailed  on  application. 


Gravity  and  Pressure  Filters, 

Constructed  under  the  JEWELL,  HYATT  and  WARREN  Patents. 

THE    ACKNOWLEDGED     STANDARD   OF 
MECHANICAL     FILTRATION. 

Patents  Sustained  by  the  Highest  Courts. 
HIGHEST    EFFICIENCY.       LOWEST    PRICES. 

O.  H.  JEWELL  FILTER  CO.,  40-42  WEST  QUINCY  ST.,  CHICAGO. 

NEW  YORK  FILTER  MFG.  CO.,    26  CORTLANDT  ST.,    NEW  YORK. 

220  DEVONSHIRE  STREET,  BOSTON. 

Eppinger  &  Russell  Co., 

CREOSOTING  WORKS, 

Dead  Oil  of  Coal  Tar  Process. 


Piles  and  Timber  treated  with  the  above  Oil  for  all  purposes, 
when  preservation  is  desired. 


Introduced  in  England  by  Mr.  Bethel  in  1838.  DEAD  OIL  OP  COAL  TAR  is  the 
only  known  product  of  commercial  application  that  will  preserve  TIMBER  PROM 
DECAY,  LAND  AND  MARINE  INSECTS. 

Our  Mr.  Valentine  has  had  practical  experience  since  1872,  and  we  have  specimens  of 

Piles  and  Timber  treated  by  him  in  1874,  which  are  in  use  to-day  and  are  in  a  perfect  state  of 

preservation.     We  have  the  largest  and  best  equipped  plant  in  the  world. 

Cylinders  1O0  ft.  long,  capacity  1,500,000  ft.  per  month. 

Direct  Water  and  Rail  Communications. 

MANUFACTURERS   OF   THE 

Valentine  Electrical  Subway  Conduit. 

WORKS:  I  OFFICES: 

Poot  First  Street  and  Newtown  Creek,      nVEOIRRIS    IB  XT  XT_i  DDT.  ISTGr 
LONG  ISLAND  CITY.  66  BROAD  ST.,  NEW  YORK. 

8END  FOB  CIRCULARS  AND  PRICES. 
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O.  "W-    HZTTUSTT    OOIIVCZE^A^LST^rr, 

^ENGINEERS, 9^ 

ADDRESS    THE    WORKS    DIRECT, 

JOHN  STREET,  WEST  NEW  BRIGHTON,  STATEN  ISLAND,  N.  Y 

(ESTABLISHKD     1873), 

Make  a  specialty  of  Machinery  for  the  rapid  and  economical  handling  of  heavy  or 
bulky  materials,  as  well  as  Plans  for  Storage  Buildings  and  Wharves. 

ENGINEERS  ARE  REQUESTED  TO  SEND  FOR  OUR  CATALOGUES. 
"Coal-Handling  Machinery,"  "Cable  Railways  for  Freight," 

"Conveyors"  Gravity  Bucket,  "Manilla  Rope"  Transmission, 

"  Industrial  Railwavs."  "  Coal  Handling  in  Power  Plants." 

extentof  Asphalt  Pavements 

IN  THE  UNITED  STATES  AND  CANADA. 

Trinidad  Lake  Asphalt  Pavement,  21,527,415  square  yards,  or  90% 
Other  kinds  Asphalt  Pavement,        2,307,064  square  yards,  or  10\ 


OF 


iheJRINIDAD  lake  asphalt  pavement 

10,000,000  square  yards,  or  nearly  50%, 


WAS  LAID  BY 


THE  BARBER  ASPHALT  PAVING  COMPANY. 


_  Jf  STAN  DARP\  la 
jl|  PAVEMENT)  I] 
Ha— |  of  I 


This  is  equal  to  about  650  miles  of  Roadway,  26  feet  wide. 

The  Asphalt  used  by  this  Company  is  from  the  famous 
Pitch  Lake  in  the  Island  of  Trinidad,  B.  W.  I. 

J^^Plans  and  Estimates  Furnished  on  Application. 

GENEKAL   OFFICES  : 

LE  DROIT  BUILDING,     ■        -       ■     WASHINGTON,  D.  C. 

BOWLING  GREEN  BUILDING,  No.  II  Broadway,  New  York. 

F.  V.  GREENE,  President. 


SUPERIOR  GRAPHITE   PAINT 

For  BRIDGES,  A  STRUCTURAL 

ROOFS,     .         W         IRON,    .    .    .    . 


And  all  Exposed  Metal  or  Wood  Surfaces. 


Warranted  not  affected  by 
heat,  cold,  salt  brine, 
acid  fumes,  smoke  or 
chemicals 


Detroit  Graphite  Mfg.  Co., 

DETROIT,  MICH. 
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ALCATRAZ    ASPHALT 

Guaranteed  free  from  Coal  Tar  or  Petroleum  Residuum, 

For  Reservoir  Linings 

and  Pipe  Coatings. 


^^SteS^       Tte    AkatraZ    CO.,  San  Francisco,  Cal. 
General  Eastern  Office,  3  West  29th  St.,  New  York. 


NEW   YORK    DREDGING    CO., 

ENGINEERS    AND    CONTRACTORS. 


J.  WILLIAMS  MACY,  President. 


0.  L.  WILLIAMS,  Secretary  and  Treasurer. 


Hydraulic  Dredge  discharging  through  5,700  Ft.  Pipg.     Will  dig  and  put  ashore  any  Material,  Rock  excepted. 

SPECIALTIES: 

Machinerv  for  Economical  Excava- 
tion of  Canals. 

For  Dredging:,  For  Reclamation  of 
Low  Lands. 

CORRESPONDENCE  SOLICITED 


World  Building,  New  York,  N.  Y. 

"  Machines  at  work  at  Wilmington,  Del.; 
Port    Royal,    S.  C;    Port   Arthur,    Sabine 
Patent  Canal  Excavator.  Pass,  Texas,  and  Oakland,  Cal." 

Capacity  of  Plant  owned  by  us,  under  favorable  conditions,  1,000,000  cubic  yards  per  month. 

WEST  PASCAG0ULA  CREOSOTE  WORKS, 

WEST  PASCAG0ULA,  MISS. 
Situated  on  Pascagoula  Bay  and  on  the  line  of  the  Louisville  and  Nashville  Railroad. 

These  works  have  been  in  operation  for  more  than  twenty  years,  were  recently 
entirely  rebuilt  and  enlarged,  and  are  now  prepared  to  execute  all  orders  for  creosoted 
piles  and  timber  thoroughly  impregnated  with  dead  oil  of  coal  tar. 

New  cylinders  115  feet  long.     Capacity,  one  million  feet  per  month. 

Address   S.   W.    LABROT 

Supt.  West  Pascagoula  Creosote  Works, 

West  Pascagoula,  Miss. 
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Q  &  W  Tie  Plate 

ALTHOUGH  SOMETHING  NEW, 

Has    a    Record,    from    the   fact   that   it   is   a 
combination  "of  the 
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DESIGNED    BY    JOHN    THOMSON. 
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"CRESCENTS  BRAND  ROSENDALE  CEMENT 

Especially  manufactured  for 

IMPORTANT    ENGINEEHING    WORK, 

requiring  a  high  grade  testing  cement.     Over  30,000  barrels  were  used  on 
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Pacific  Flush  Tank  Co. 

84  LA  SALLE  STREET,  CHICAGO,  ILL., 

MANUFACTURERS    OF   THE 

f|fJUler_  Automatic   <5ipbont 

FOR  INTERMITTENT  FLUSH  TANKS. 


Used  for   Flushing  Street-Sewers. 

NO  MOVING  PARTS.      NO  JOINTS.      NO  LITTLE  TRAPS. 

RECEIVED  THE  HIGHEST  AWARD  IN  ITS  CLASS  AT  THE  WORLD'S 
COLUMBIAN   EXPOSITION  FOR 

Simplicity  oi  Construction,  Effectiveness  and  Reliability, 
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siphons  in  use.  (Signed)  F.  C.  KELSEY,  City  Engineer. 

EACH  SIPHON  GUARANTEED   ABSOLUTELY. 
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JOSEPH  MAYER,  Engineer. 


PRINCIPAL    OFFICE, 
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MINUTES  OF  MEETINGS. 


OF  THE   SOCIETY. 


May  36,  1899.— The  meeting  was  called  to  order  at  20.50  o'clock, 
Vice-President  Edward  P.  North  in  the  chair;  Charles  Warren  Hunt, 
Secretary,  and  present,  also,  64  members  and  11  visitors. 

The  minutes  of  the  meetings  of  April  5th  and  19th,  1899,  were  ap- 
proved as  printed  in  Proceediiir/s  for  April,  1899. 

The  Secretary  presented  a  paper  by  John  W.  Hill,  M.  Am.  Soc.  C. 
E.,  entitled  "Comparative  Tests  of  Bituminous  Steam  Coals."  and 
the  subject  was  discussed  by  Messrs.  William  Kent  and  Henry  C. 
Meyer,  Jr. 

The  Secretary  announced  the  following  deaths:  Francis  Rinecker, 
elected  Member  August  7th,  1872;  died  April  10th,  1899.  Charles 
Herbert  Swan,  elected  Member  March  16th,  1870;  died  April  17th, 
1899.  Alfred  Ephraim  Hunt,  elected  Member  September  1st,  1886; 
died  April  26th,  1899. 
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Announcement    was    made    that    the    following   candidates   were 
elected  by  the  Board  of  Direction,  May  2d,  1899: 

As  Associate. 
William  Dbumm  Sell,  Logan,  W.  Va. 

As  Juniors. 

David  Elder  Baxter,  New  York  City. 
George  Harold  Botjton,  Jersey  City,  N.  J. 
Robert  Duncan  Coombs,  Jr.,  Phcenixville,  Pa. 
Sumner  Gowen,  Phcenixville,  Pa. 
Don  Alexander  MacCrea,  Little  Rock,  Ark. 
Henry  Bennett  Machen,  New  York  City. 
Elbert  Clyde  Macy,  Marshalltown,  Iowa. 
Ludlow  Lawrence  Melius,  Albany,  N.  Y. 
Charles  Sterling  Millard,  Indianapolis,  Inch 
Charles  Church  More,  Ithaca,  N.  Y. 
James  William  Skelly,  St.  Louis,  Mo. 

Ballots   were   canvassed    and   the    following    candidates   declared 
elected : 

As  Members. 

Fred  Milton  Bisbee,  Springfield,  Mo. 
Franklin  Allen  Htnds,  Watertown,  N.  Y. 
Isaac  Wayne  von  Leer,  Havana,  Cuba. 
Charles  Hedges  McKinstry,  Key  West,  Fla. 
Dabney  Herndon  Maury,  Jr.,  Peoria,  111. 
Francis  Lee  Stuart,  Washington,  D.  C. 
George  Tatnall,  Wilmington,  Del. 

As  Associate  Members. 

Alfred  Pancoast  Boller,  Jr.,  Honolulu,  H.  I. 
Jaquelin  Marshall  Braxton,  Key  West,  Fla. 
Fred  Goodrich  Frink,  Moscow,  Idaho. 
Ferdinand  Finney  Harrington,  Philadelphia,  Pa. 
Edward  Fulbister  Kenney,  Moore,  Pa. 
Kingsley  Leverich  Martin,  Brooklyn,  N.  Y. 
George  Cotner  Mason,  New  York  City. 
Frederic  Vernon  Pitney,  Morristown,  N.  J. 
William  Babcock  Poland,  Cincinnati,  Ohio. 
Henry  Weay  Preston,  Athens,  Pa. 
Charles  Stewart  Towle,  New  York  City. 
Bernard  Matthew  Wagner,  Brooklyn,  N.  Y. 
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The  Secretary  announced  that  at  the  meeting  of  the  Board  of 
Direction  May  2d,  1899,  the  ballot  on  the  reconsideration  of  William 
Copeland  Furber  and  Charles  Henry  Miller  was  canvassed,  and 
Messrs.  Furber  and  Miller  were  declared  elected  Members  of  the 
Society. 

The  Secretary  announced  that  arrangements  for  the  Annual  Con- 
vention are  being  perfected,  and  a  circular  will  soon  be  issued  giviug 
information  in  regard  to  the  matter. 

Announcement  was  made  that,  owing  to  the  usual  mid-month 
meeting  of  June  occurring  only  a  few  days  precedin  g  the  week  dur- 
ing which  the  Annual  Convention  will  be  held,  the  Board  of  Direction 
had  decided  that  no  meeting  of  the  Society  will  be  held  on  June  21st, 
1899. 

Announcement  was  made  that  the  Board  of  Direction  had  author- 
ized the  holding  of  meetings  of  the  Juniors  of  the  Society  on  the 
second  Wednesdays  of  May  and  June.  A  committee  of  the  Juniors, 
consisting  of  Messrs.  J.  M.  Evans,  M.  E.  Evans  and  E.  D.  Knap  has 
been  appointed  to  proj)ose  subjects  for  discussion,  and  attend  to  such 
other  work  as  is  necessary  in  connection  with  these  meetings.  Notice 
of  the  subjects  selected  will  be  issued  to  all  Juniors  by  the  Secretary. 

Adjourned. 

May  17th,  1899. — The  meeting  was  called  to  order  at  20.45  o'clock, 
Vice-President  Edward  P.  North  in  the  chair;  Charles  Warren  Hunt, 
Secretary,  and  present,  also,  61  members  and  4  visitors. 

A  paper  by  Walter  W.  Curtis,  M.  Am.  Soc.  C.  E.,  entitled  "The 
Artificial  Preservation  of  Railroad  Ties  by  the  Use  of  Zinc  Chloride," 
was  read  by  the  Secretary,  who  also  presented  a  written  communica- 
tion on  the  subject  from  Mr.  J.  I.  Boggs.  The  subject  was  discussed 
orally  by  Messrs.  Oscar  Lowenson,  H.  S.  Haines  and  Edward  P.  North. 

Adjourned. 
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OF  THE    BOARD  OF  DIRECTION. 
Abstra  I 

May  2d,  1899 President  FitzGeralcl  in  the  Chair;  Charles  Warren 

Hunt,  Secretary,  and  present,  also.  Messrs.  Bensel,  North.  Owen. 
Eieketts,  Thomson  and  Schneider. 

Routine  business  in  regard  to  publications  and  the  work  of  the 
library  vras  transacted. 

The  question  of  an  exhibit,  under  the  auspices  of  the  Society,  at 
the  Paris  Exposition  of  19CJ0,  was  considered. 

Pieconsideration  ballots  were  canvassed,  and  "William  Copeland 
Furber  and  Charles  Henry  Miller  were  declared  elected  Members  of 
the  Society. 

A  progress  report  from  the  Committee  in  charge  of  arrangements 
for  the  Annual  Convention  was  received. 

The  Secretary  reported  that  a  suit  of  the  Society  for  exemption  from 
taxation  had  been  successful;  that  the  taxes  for  1898  had  been  cancelled 
of  record,  and  that  the  exemption  would  probably  hold  in  future. 

The  resignation  of  F.  G.  Darlington  as  a  Member  of  the  Society 
was  accepted. 

Meetings  of  the  Juniors  of  the  Society  were  authorized  to  be  held 
on  the  second  Wednesdays  of  May  and  June,  1899. 

It  was  decided  that  no  meeting  of  the  Society  be  held  on  the  third 
Wednesday  of  June,  1899. 

Applications  were  considered  and  other  routine  business  transacted. 

One  candidate  for  Associate  and  eleven  for  Junior  were  elected. 

Adjourned. 
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ANNOUNCEMENTS. 

In  accordance  with  the  resolution  of  the  Board  of  Direction  the 
House  of  the  Society  is  open  every  day,  except  Sunday,  from  9  to 
22  o'clock. 

MEETINGS. 

Wednesday,  June  7th,  1890,  at  20.30  o'clock,  a  regular  business 
meeting  will  beheld.  Ballots  for  membership  will  be  canvassed,  and  a 
paper  by  George  W.  Barter.  M.  Am.  Soc.  C.  E.,  entitled  <;  On  the  Theory 
of  Concrete,"  will  be  presented  for  discussion.  This  paper  was  printed 
in  the  April  number  of  Proceedings. 

In  accordance  with  the  resolution  of  the  Board  of  Direction  there 
will  be  no  meeting  of  the  Society  on  Wednesday.  June  21st.  1" 

JUNIOR  MEETINGS. 

May  10th,  1899 A   meeting  of   Juniors  was  held,  J.  M.  Evans. 

Jun.  Am.  Soc.  C.  E.,  in  the  chair,  and  present  also  twenty-two  Juniors. 
The  subject  for  the  evening  was  ••  Surveying,  in  Connection  with  City 
"Work."  and  brought  out  an  interesting  discussion. 

June  i4th,  1S99. — There  will  be  a  meeting  of  Juniors  of  the  Society 
for  informal  discussion  of  a  subject  to  be  subsequently  announced. 

ANNUAL  CONVENTION. 

Time  and  Place — The  Thirty-hrst  Annual  Convention  will  be  held 
at  the  Stockton  Hotel,  Cape  May.  X.  J.,  June  27th  to  30th  inclusive  . 

Meetings. — A  meeting  of  the  Board  of  Direction  will  be  held  during 
the  Convention,  as  required  by  the  Constitution. 

There  will  be  a  Business  fleeting  held  during  the  Convention,  at 
which  members  of  the  Nominating  Committee  will  be  elected,  and  the 
time  and  place  for  holding  the  next  Annual  Convention  will  be  con- 
sidered.    Reports  of  Special  Committees  may  also  be  presented. 

At  one  of  the  meetings  the  President  will  deliver  the  Annual 
Address. 

On  one  evening  Col.  Chas.  W.  Raymond,  M.  Am.  Soc.  C.  E..  will 
address  the  Society  on  the  subject  of  Breakwater  Construction: 
the  address  will  be  illustrated  with  lantern  slides. 

Meetings  will  also  be  held  for  the  discussion  of  the  following  pro- 
fessional papers  and  subject-: 

Papers  and    Subjects    for  Discussion Under   the    rule   recently 

adopted  by  the  Board  of  Direction,  discussion  will  be  in  order  on  the 
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following  papers  and  discussions  which  have  been  printed  in  Proceed- 
ings since  January  1st,  1899: 

"  The  Accuracy  and  Durability  of  Water  Meters." 

By  John  W.  Hill.  M.  Am.  Soc.  C.  E. 
"  The  Approaches  and  Transportation  Facilities  of  the  Paris  Expo- 
sition of  1900." 

By  E.  L.  Corthell,  M.  Am.  Soc.  C.  E. 
"  Street  Grades  and  Cross-Sections  in  Asphalt  and  Cement." 

By  Robert  P.  Woods,  Jun.  Am.  Soc.  C.  E. 
"General    Criterion  for  Position  of  Loads  Causing  Maximum  Stress 
in  Any  Member  of  a  Bridge  Truss." 

By  L.  M.  Hoskess,  Esq. 
"Dry  Docks — Stone  vs.  Wood." 
"  Comparative  Tests  of  Bituminous  Steam  Coals." 

By  John  W.  Hill,  M.  Am.  Soc.  C.  E. 
"The   Artificial   Preservation   of   Railroad  Ties  by  the  Use  of   Zinc 
Chloride." 

By  Walter  W.  Curtis,  M.  Am.  Soc.  C.  E. 
"  On  the  Theory  of  Concrete." 

By  George  W.  Rafter,  M.  Am.  Soc.  C.  E. 

In  addition  to  the  above,  the  following  subjects  have  been  selected 
for  informal  discussion.  Members  who  are  unable  to  attend  the  Con- 
vention are  invited  to  send  written  communications  on  any  of  the 
subjects,  for  presentation  to  the  meetings. 

(1)  Should  the  use  of  the  method  of  Wheel-Concentrations  be  discon- 

tinued in  determining  the  Stresses  in  Railroad  Bridges? 

(2)  In  view  of  present  knowledge  of  the  Effect  of  Repeated  Applications 

of  Load,  should  Fatigue  Formulas  be  used  in  Bridge  Design? 

(3)  (a)  Should  Stream  Contamination  by  the  Sewage  of  Cities  be  ab- 

solutely prohibited  by  law? 

(b)  Should  the  Purification  of  the  Sewage  of  Cities  be  compulsory; 

and  is  this  feasible  for  Large  Cities? 

(c)  Is  Filtration  the  coming  solution  of  the  Pure-Water  Question 

for  Cities? 

(4)  What  is  the  Proper  Friction  Coefficient  for  use  in  the  design  of 

Riveted  Steel  Pipe? 

(5)  What  are  the  economic  conditions  under  which  Electricity  may 

be  profitably  substituted  for  Steam  in  the  operation  of  Branch 
Railroad  Lines,  and  what  are  the  engineering  requirements  to 
'  be  considered  in  such  substitution? 

(6)  What  is  the  present  development  of  the  so-called  Telferage  System 

for  moving  either  Freight  or  Passengers?  What  are  the  condi- 
tions under  which  that  System  is  preferable  to  movement  by 
Rail,  and  what  is  its  adaptability  to  still  further  application 
in  competition  with  Rail  Lines? 
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Transportation. — Through,  the  courtesy  of  the  Pennsylvania  Rail- 
road and  the  Philadelphia  and  Reading  Railway  Companies  the  following 
arrangements  have  been  effected: 

A  sjjecial  train  will  leave  Jersey  City,  on  Monday,  June  26th,  1899, 

at  an  early  hour  in  the  afternoon  over  the  Pennsylvania  Railroad  to 
Camden  and  thence  to  Cape  May,  arriving  in  time  for  dinner. 

For  members  from  the  West  and  South,  transportation  between 
Pittsburg  and  Philadelphia,  and  between  Washington  and  Philadelphia, 
will  be  furnished  by  the  Pennsylvania  Railroad. 

On  Saturday,  July  1st,  1899,  at  8  a.  m.,  a  special  train  provided  by 
the  Philadelphia  and  Reading  Railway  will  leave  Cape  May  for  Phila- 
delphia, where  various  points  of  interest  will  be  visited  and  lunch 
served.  The  New  York  party  will  return  on  a  special  train  furnished 
by  the  Philadelphia  and  Reading  Railway.  This  train  will  leave  Phil- 
adelphia at  2.30  p.  51.  and  arrive  in  New  York  at  about  4.30  p.  m. 

Transportation  on  the  above  trains  will  be  free  to  the  membership 
of  the  Society  and  the  members  of  their  immediate  families,  and  must 
be  secured  by  application  to  the  Secretary. 

Members  from  the  New  England  States,  and  all  others  who  can  do 
so  conveniently,  should  arrange  to  arrive  in  New  York  in  time  to  take 
the  special  train. 

Those  who  cannot  go  via  New  York  should  purchase  tickets 
to  Pittsburg  or  to  Washington,  and  arrange  to  meet  the  special  at 
Camden.  Transportation  from  either  of  these  points  to  Philadelphia 
and  Cape  May  must  be  secured  by  application  to  the  Secretary. 

Between  Philadelphia  and  Cape  May  and  between  New  Y'ork  and 
Philadelphia  no  transportation  will  be  furnished  except  on  the  special 
trains. 

Hotel  Rates. — The  Stockton  Hotel,  the  exclusive  use  of  which  has 
been  secured  for  the  Convention  dates,  will  be  opened  for  the  Society 
on  Monday,  June  26th.  The  Stockton  has  accommodation  for  750 
guests.     The  rate  has  been  fixed  at  §3  per  day. 
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MONTHLY    LIST  OF   RECENT   ENGINEERING    ARTICLES   OF 

INTEREST. 

(April  12th  to  May  10th,  1899.) 

Note.  —  This  list  is  published  forth"  purpose  of  placing  before  the  members 
of  the  Society  th»  titles  of  current  engineering  articles,  which  can  be  referred 
to  in  any  available  engineering  library,  or  can  be  procured  In/  addressing 
tli"  publication    directly,    the    address    and  price  being   given  icherever 

-  -  'hie. 

LIST  OF  PUBLICATIONS. 

In  the  subjoined  list  of  articles  references  are  given  by  the  number  pre- 
fixed to  each  journal  in  this  list. 

i  i  i  Journal.  Assoc.  Eng.  Soc  257  South 
Fourth  St..  Philadelphia.  Pa  .  3  Ic. 

12)  Proceedings,  Eng.  Club  of  Phila..  1183 
Girard  St..  Philadelphia.  Pa. 

<3)  Journal.    Franklin    Inst..    Philadel- 
phia. Pa..  50c. 
4    Journal,  Western  Soc.  of  Eng..  Mo- 
nadnock  Block.  Chicago.  111. 

(5)  Transactions,  Can.  Soc.  C.  E..  Mon- 
treal. Que..  Can. 

>6i  School  of  Mines  Quarterly,  Columbia 
Univ..  New  York  City.  50c. 

(7)  Technology    Quarterly,    Mass.     Inst. 

Tech..  Boston.  Mass..  75c. 

(8)  Stevens  Indicator.  Stevens  Institute. 

Hoboken.  N.  J..  50c 
101  Engineering   Magazine,    New   York 

City.  30c. 
110)  Cassier's  Magazine,  New  York  City, 

25c. 
(11)  Engineering  (London).  "W.  H.  Wiley. 

New  fork  City.  35c. 
;  12  1  The  Engineer  ( London ),  International 

News  Co..  New  York  City.  35c. 
tJ3)  Engineering  yens.  New  York   City. 

15c 
14'  Engineering  Record,  New  York  City. 

12c 
(15)  Railroad  Gazette.   New  York  City. 

.161  Engineering    and     Mining    Journal. 
New  York  City.  15c. 
17'  Street  Railway  Journal,  New  York 
City.  35c. 

(18)  Railway  and  Engineering  Review. 
Chicago.  111. 

<  19  1  Scientific  American  Supplement.  New 
York  City,  10c. 

120)  Iron  Age.  New  York  City.  10c. 

(21)  Railway  Engineer.  London.  Eng- 
land. 

<22)  Iron  and  Coal  Trades  Review,  Lon- 
don. England. 

1231  Bulletin,  American  Iron  and  Steel 
Assoc.,  Philadelphia.  Pa. 

1241  American  Gaslight  Journal,  New 
Y..rk  City.  10c. 

■  25.  .!„■■  rican  Engineer,  New  York  City. 

•  261  Electrical  Review,  London.  England. 

■  271  Electrical  World  and  Electrical  En- 

gineer.  New  York  City,  10c. 

(28)  Industi  Iron,    London.  Eng- 

land. 

1291  Journal.  Society  of  Arts,  London, 
England. 

1301  Annates  des  Travaux  Publics  de 
Belgique,  Brussels,  Belgium. 

1311  Annates  deV  Assoc,  des  Ing.  Sortis 
,1.  s  EcOle  Sptciales  de  Gand,  Brus- 
sels, Belgium. 


(32)  Memoirs  et  Compt  Rendu  des  Tra- 
rnu.r.  Soc.  Ing.  Civ.  de  France, 
Paris,  France. 

<33     Le  Genie  Civil.  Paris.  France. 

134)  Portefeuille  Economique  des  Ma- 
chines. Paris,  France. 

135)  Xouvelles  Annates  de  la  Construc- 
tion. Paris.  France. 

1361  La  Revue  Technique.  Paris.  France. 
I  37  1  Revue  de  Mecanigue,  Paris.  France. 
(38)    Revue  Generate  des  Chemins  de  Fer 

et  des  Tramways.  Paris.  France. 
139")   Railway  Master  Mechanic.  Chicago, 

111. 
(40)   Railway  Age.  Chicago.  111..  10c. 
1  41 1    Modern  Machinery  .Chicago.  111..,  10c. 
'42>    Transactions,  Am.  Inst.  Elec.  Eng.. 

New  York  City.  50c. 
'431    Annates    des    Ponts    et    Chaussies, 

Paris.  France. 

(44)  Journal,  Military  Service  Institu- 
tion, Governor's  Island,  New  York 
Harbor.  75c. 

(45)  Mines  and  Minerals,  Scranton.  Pa., 
20c. 

(46)  Scientific  American,  New  York  City. 
lOe. 

1471  Mechanical  Engineer,  Manchester. 
England. 

(48)  Zeitschrift  des  Yereines  Deutscher  In- 
genieure.  Berlin,  Germany. 

( 49 )  Zeitsch  rift  f&r  Ba  u  wesen,  Berlin,  Ger- 
many. 

(50)  Staid  unci  Eisen,  Duesseldorf.  Ger- 
many. 

(51)  Deutsche  Bauzeitung,  Berlin.  Ger- 
many. 

(52)  Rigasc'he  Industrie-Zeitung.  Riga, 
Russia. 

(53)  Zeitschrift  des  oesterreichischen  In- 
genieur  und  Architekten  Vereines, 
Vienna.  Austria. 

(541  Den  Tekniske  Forenings  Tidsskrift, 
Copenhagen.  Denmark. 

'55'  Ingeni6ren,  Copenhagen.  Denmark. 

(561  Teknisk  Tidskrift.  Stockholm.  Swe- 
den. 

(57)  Teknisk  Ugeblad.  Christiana.  Norway. 

(58)  Proceedings,  Eng.  Soc.  W.  Pa.  410 
Penn  Ave..  Pittsburg,  Pa.    50c. 

•  59)  Transactions,  Mining  Institute  of 
Scotland.  London  and  Newcastle- 
upon-Tyne. 

(60)  Bridges  and  Framed  Structures.  358 
Dearborn  St..  Chicago,  111.,  30c. 

(61)  Proceedings,  Western  Railway  Club. 
285  Dearborn  St..  Chicago.  111.,  25c. 

'62'  American  Manufacturer  and  Iron 
World.  59  Ninth  St..  Pittsburg,  Pa. 

1631  Minutes  of  Proceedings.  Inst.  C.  E., 
London,  England. 
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LIST  OF  ARTICLES. 
Bridge. 

Curved  Girders.    A.  Francke.     (49)  IY-YL 

Existing  Experiments  for   Determining  the  Neutral  Axis  in  Beams  of  Stone  and  Cast 

Iron.    E.  Roser.     (48.)  Feb.  25. 
The  Recovery  of  Iron  from  Overstrain.     (18  )  April  15. 

Chemical  anil  Physical  Constitution  of  Steel.     William  R.  Webster.    (60)  April.  1899. 
Contribution  to  the  Determination  of  Maximum  Moments  for  Concentrated  Loads  on 

Simple  Girders.    A.  Coulmass.     <  53  )    April  14. 
Draw  Span  Stresses — Assumptions  Made  to  Determine  Them.    Malverd  A.  Howe.  M.  Am. 

Soc.  C.  E.     (60)  April.  1899. 
The  Architecture  of  Bridges,     t  60 )  April.  1899. 
The  Erection  of  a  Steel  Viaduct  upon  the  Highland  Railway.    H.  T.  White.     <  63)  Part 

I.,  1899. 
Failure  of  the  Embabeh  Bridge,  Cairo.    F.  E.  Robertson.     (63 )  Part  I.  1899. 
Failure  of  the  Falsework  of  the  Willis  Avenue  Bridge.  New  York.     114)  April  15;  (15) 

April  21. 
New  Bridges  over  the  Rhine  at  Bonn  and  Duesseldorf.     (48)  March  25. 
The  Bridges  across  the  Rhine,  near  Bonn  and  Duesseldorf.  Germany.    Fritz  Mueller  von 

derWerra.     (131  April  20. 
The  Bridge  Works"  Estimating  Department.    E.  M.  Scofield.     <  60 1  April,  1899. 
Erection  of  Bridge  69.  Pennsylvania  Railroad.     ( 14  )  April  22. 
A  Highway  Bridge  Floor  of  Rock  Elm.     (13  >  April  13. 

Pneumatic  Caissons  for  Or  dinarv  Foundations.    A.W.Jones.     (60)  April,  1899. 
Field  Riveting  in  Elevate  1  Railway  Work.     (40)  April  28;  uS   April  29;  .15  (April  28. 
Some  Examples  of  Bridge  Engineering  in  Iowa.     ( 14 )  May  6. 
The  New  Bridge  over  the  Niagara  River.    (11)  April  28. 
Strengthening  the  Cantilever  Bridge  at  Niagara.     <  40 )  May  5. 
Measurements  for  Granite  Viaduct.    E.  I.  Cantine.     (60)  April,  1899. 
Three-Hinged  Melan  Arch  Bridge.     (55)  March  4. 

Experiences  and  Lessons  from  the  Life  of  a  Bridge  Engineer.     (13)  May  4:  (14  1  May  6. 
Street  Bridges  over  the  Arge  at  Laugenargen.     148)  Jan.  7. 
Viaduct  near  Drum  and  Neuschloss  on  the  North  Bohemian  Railroad.    H.  Rosche.     (  5?  1 

Jan..  27. 
Iron  Trestle  on  the  Waldhoven-Ganning.    O.  Weltzer.     (531  Feb.  24. 
Iron  Bridges  in  Austria.     150)  Feb.  1. 
Molern  Spanish  Bridge  Engineering.     (60)  April,  1899. 
Japanese  Bridge  Work.    (40)  April  88. 
A  Korean  Bridge.     (14)  April  15. 
Etude  Experimentale  des  Ponts  Metalliques.     (36)  April  25. 

Electrical. 

Telephones.    John  Gavey.     (29)  April  14. 

Wireless  Telegraphy.    Rankin  Kennedy.     (26)  April  14. 

Picture  Telegraphy"     {27)  May  <>. 

Calendar's  Electrical  Recording  Apparatus.     (26)  April  14. 

A  New  Form  of  Wehnelt  Interrupter.    Elihu  Thomson.     (27)  May  6. 

On  the  Dimensioning  of  Field  Magnets.    George  T.  Hanchett.     127)  April  29. 

Bipolar  and  Multipolar  Construction.    Alton  D.  Adams.     (27)  April  29. 

Effect  of  Inequality  of  Voltage  on  Three-Phase  Watt-Meters  in  Measuring  Motor  Loads. 

August  J.  Bowie.     (27)  April  22. 
A  New  Generator  with  Minimum  Field  Distortion.    Robert  Lundell.     (27)  April  22. 
On  a  Direct-Current  Dynamo  without  Brushes.    Albert  Campbell.     (261  April  14. 
Alternating  Current  Motors  for  Single  System.    O.  Lasche.     (48)  March  18. 
Secondary  Distributing  Systems  for  Three- Phase  Plants.     August  J.  Bowie.  Jr.    (271 

April  29. 
Action  of  a  Synchronous  Motor  as  an  Inductance  and  as  a  Condenser.    A.  F.  McKissick. 

(27)  April  29. 
The  Electric  Lighting  of  Leith.     (26>  April  14. 

Selection  of  Incandescent  Lamps.    Alton  D.  Adams.     (10)  May.  1S99. 
The  American  Nernst  Lamp.     (271  April  29. 

Electric  Power  from  Windmills.    C.  L.  Crandall.  M.  Am.  Soc.  C.  E.     (15)  May  5. 
Hammersmith  Electricity  Works  Extensions.     <26>  April  21. 
Data  on  Electric  Power  Generation.  Glasgow.     (14)  April  22. 
Lewiston,  Idaho.  Long  Distance  Transmission.     1  27  1  April  22. 
Switchboard  of  the  Chelsea  Power   Station.  Lynn  and  Boston   Railway.      H.   Wrav 

Weller.     (27^  April  15. 
The  Use  of  Electricity  as  a  Motive  Power  in  Modern  Steelworks  and  Blast  Furnaces. 

127*  April  15. 
Storage  Batteries  and  Railway  Power  Stations.    Robert  McA.  Lloyd.     |  42  1  Feb..  1899. 
Earth  Currents  and  Electric  Traction.     <i2>  April  21. 
Electrolysis  as  an  Unsolved  Municipal  Problem.     (27*)  April  29. 
The  C.  S.  Signal  Corps  and  the  Philippines'  Cable.     ^27)  May  6. 
High  Efficiency  Transformers  for  England.     (271  3Iav  <;. 
Sur  un  Interrupteur  Eleetrolytiqu?.    A.  Wehnelt.     1  36  1  April  10. 
Courants  de  Haut^  Frequence  et  Oscillations  Electriques-Telegraphi?  sans  Fil.    Paul 

Janet.    Experiences  et  Appareils  de  M.  Ducretet.    [32)  Feb.,  1899. 
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Marine. 

The  Institution  of  Naval  Architects.  Meeting,     in)  April  7. 
Cooper  ami  Wigzell's  Sounding  Apparatus, "  Charles  Bright,    (n)  April  7. 
H.  M.  S.  Spartiate.     ( 12  )  April  7. 

The  Steam  Trials  of  H.  M.  S.  Amphitrite.     (11)  April  14. 
The  Naval  Boiler  of  the  Future.     (12)  April  14. 
The  Action  of  Oil  on  Waves  at  Sea.     (12)  April  14. 
A  Model  Cruiser.     (12)  April  14. 
Some  Notes  in  Kronstadt,  Russia.     (12)  April  14. 
Launching  Torpedoes  in  Rough  Sea.     (53)  Feb.  17. 
Saloon  Steamer  Qenlve.    (48)  April  1. 
Experiments  with  a  Marine  Brake.     (28)  April  7. 

The  Best  Water-Tube  Boiler  for  the  Navy.    J.  K.  Robinson.     (10)  May,  1899. 
Steam  Consumption  of  Auxiliary  Engines  in  Warships.     (11)  April  81. 
The  Ice-Breaking  Steamer  Ermak.     ( 19)  May  6. 

Les  Remorqueurs  Infatigable  et  Taillebourg.    M.  Hachebet.    (.13)  April  8. 
Resistance  ii  l'Avancement  des  Bateaux  et  Ondes  Transversales.     F.  Chaudy.      (32) 
Feb.,  1899. 

Mechanical. 

Engine  Spacifications.    R.  H.  Thurston,  M.  Am.  Soc.  C.  E.,  and  WT.  H.  Bryan.     (14) 

April  15. 
Engine  for  the  Coventry  Tramways.     (12)  April  14. 
Central  Steam  Condensing  Plants*.     (20)  April  20. 

The  New  2  000  H.-P.  Engines  and  Alternator  at  Ueptford.     (12)  April  21. 
Vertical  Electricity  Supply  Engines.     (12)  April  21. 
A  650  H.-P.   Gas  Engine  Direct  Connected  to  a  520  K.  W.   Electric  Generator.     (13) 

May  4. 
The  Relation  of  Load  to  Steam  Consumption  in  Steam  Engines.    E.   Meyer.     (48) 

April  8. 
Superheated  Steam,  Its  Generation  and  Use.    (50)  April  15. 
Steam  Pipes.    J.  T.  Miltcn.     <  11)  April  7;  (14)  April  15. 
Stresses  in  Pipes  Bent  at  Right  Angles  Caused  by  Heating  to  the  Temperature  of 

Steam  at  Various  Pressures.    T.  Donaldson.     (63)  Part  I,  1899. 
Water-Tube  Boiler  for  Motor  Cars.     (11)  April  14. 
Engines  and  Belleville  Boilers  of  H.  M.  S.  Spartiate.     (12)  April  7. 
The  Use  of  Coal  Dust  as  Fuel  for  Boilers.    Count  Caracristi.     (22)  April  14. 
Test  of  a  Fan  and  Engine,  S.  S.  Belgia.     <  14)  May  6. 
Cupola  Blowers,  Built  by  the  Elsas  Machine  Co.  in  Mulhausen.    F.  Laurey.     (48)  April 

15. 
Blowing  Engine  at  the  Krompach  Works  (Bohemia).     (12)  April  21. 
Test  of  a  Large  Pumping  Engine.  Pittsburg,  Pa.     (18)  April  29;  (13)  May  4. 
A  New  Air  Lift  Pump.     (12)  April  28. 
Performances  of  Pumping  Machinery;  Clyde  Trustees' No.  3  Graving  Dock.     (12)  April 

23;  (22 1    April  28. 
Propeller  Pumps.     (14)  April  22. 

Pumping  Plant  at  Haughhead  Colliery.     (12)  April  7. 
Joel  Electric  Motor  Carriage.     (26)  April  7. 

The  Efficiency  of  the  Bicycle.    Robert  H.  Fernald.     ( 1 )  March,  1899. 
Columbia  Automobiles.    Thomas  B.  Booth.     '27)  May  6. 
The  Mechanical  Equipment  of  the  Southern  Station  (Boston).    Henry  J.  Conant.     (7) 

March,  1899. 
The  James  River,  Va.,  WTater  Power  Development.    William  Todd.     (27)  May  6. 
Power  Transmission  Plant  in  the  Maine  Woods.     (27)  April  29. 
Refrigerating  Plant,  System  Pictet.    N.  Brautigam.     (48)  Feb.  4. 
Hot  Blast  Stove,  Eston  Steel  Works.     (12I  April  28. 
The  Foundry  Industry  at  the  End  of  the  Nineteenth  Century.    A.  Ledebar.     (48)  April 

22. 
The  Application  of  Blast  Furnace  Gases  to  Gas  Motors,  with  Tests  of  a  60  H.-P.  Gas  En- 
gine.   E.Meyer.     (48)  April  22. 
The  Use.  Design  and  Manufacture  of  Iron  in  Ornament.    Chester  B.  Albree.    (20) 

April  27. 
Charging  Steel  Furnaces.    '22)  April  28. 
The  Testing  of  Machinery  Castings.    (22)  April  14. 
Strains  in  Hardened  Steel  of  Large  Cross  Section.     (50)  April  1. 
Note  on  the  Endurance  of  Steel  Bars  Subjected  to  Repetitions  of  Torsional  Stress.    E. 

G.  Coker.     (63)  Part  I,  1899. 
Progress  in  Rolling.     (50)  Jan.  15. 
"Eho"  Metal.     (i2)April28. 
The  Extraction  of  Nickel  from  Its  Ores  by  the  Mond  Process.    W.  C.  Roberts-Austen. 

(63)  Parti.  1H99. 
Cast-iron  Test  Bars.    Thomas  D.  West  (11 )  April  28. 
The  Thermal  Analysis  of  Stress.    C.  A.  P.  Turner  (11)  April  28. 
Phosphor- Bronze— A  Description  of  Its  Characteristics  and  Method  of  Manufacture.    L. 

L.Smith.    (25)  May,  1899. 
The  Connection  Between  Mechanical  Engineering  and  Modern  Shipbuilding.      (22) 

April  28. 
International  System  for  S^rew  Threads.     (57)  April  0. 
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Mechanical  — (Continued). 

A  Heavy  Gun  Lathe,     (n)  April  28. 

Engineering  Fallacies— Liquid  Air  as  a  Motive  Power.     (10)  May,  1899;  (46)  April  29. 

33-Ton  Block  Loading  Titan  Crane.     (11)  April  14. 

Coke  Ovens.    Dr.  V.  Bauer.     (50)  April  15. 

The  Manufacture  of  Locking-Bar  Jointed  Pipe.     (22)  April  14. 

Machine  Corliss  Compound  de  500  Chevaux.     (34)  April,  1899. 

L'Acetylene  et  ses  Applications.    E.  Hubon.     (32)  Feb.,  1899. 

Gazogene  Riche,  a  Distillation  Renvarsee.    F.  Manaut  et  L.  Roman.     (32)  Feb.,  1899. 

Moteur  a  Gaz  a  Double  Effet  et  ;i  surcompression  Variable  par  Regulateur  (Systeme 

Letombe).     (33)  April  1. 
Notes  Relatives  a  la  Fabrication  des  Tubes  et  des  Corps  Creux  en  Fer  ou  en  Acier,  sans 

Soudure.    M.  Vinsonneau.     (37)  March,  1899. 
Dispositif  Applicable  aux  Generateurs  de  Vapeur.     (36)  April  25. 

Military. 

Explosion  of  a  Gun  at  Sandy  Hook,  New  York  Harbor.    (11)  April  14. 

Modern  Machine  Guns,  Rifle  Caliber.    William  Ledyard  Cathcart.     (10)  May,  1899. 

The  Mine  Defence  of  Santiago  Harbor.     Lieut.  E.  E.  Capehart,  U.  S.  N.  (19)  May  0. 

Mining, 

Dredging  for  Gold.    A.  W.  Robinson,  M.  Am.  Soc.  C.  E.     (10)  May,  1899. 

Our  Coal  Supplies.    T.  Forster  Brown.     (29)  April  28;  (22)  April  28. 

Shaft  Sinking  under  Water  at  Lake  of  the  Woods.     (16)  May  6. 

Acetylene  Gas  as  a  Mine  Illuminant.     (22)  April  28. 

Electrical  Transmission  of  Power  in  Mining.    W.  B.  Esson.     (63)  Part  I,  1899. 

The  Effect  of  Subsidence,  clue  to  Coal-Workings,  upon  Bridges  and  other  Structures     S 

R.  Kay.     (63  )  Part  I,  1899. 
Methods  of  Mining  Ore  in  the  Lake  Superior  Region.    Nelson  P.  Hulst.     (58)  Feb.,  1899. 
The  Douglas  Coal  Field,  Lanarkshire.     Robert  Weir.     (59)  Vol.  XX,  Part  3. 
Two  Types  of  Electrical  Coal  Cutters.    Thomas  H.  Barr.     (59)  Vol.  XX,  Part  3 
The  Utica  Mine  Chlorination  Plant.    Thomas  N.  Smith.     (16}  April  22. 
The  Asphalt  Deposits  of  .Middle  Park,  Colo.    H.  A.  Lee.     (16)  April  22. 
A  Prospector's  Density  Rule.    J.  Holms  Pollok.     (16)  April  22. 

Municipal. 

Some  of  the  Larger  Transportation  Problems  in  Cities.    Edward  E.  Hieerins.      (*)  Mav 

1899. 
The  Management,  Maintenance  and  Cost  of  Public  County  Roads  in  Ireland  under  the 

Irish  Grand  Jury  System.    R.B.Sanders.     (63)  Part  I,  1899. 

Railroad. 

Express  Passenger  Locomotive  for  the  French  State  Railways.     (11)  April  21. 
Vauclain  Fast  Passenger  Compound  Locomotive,  Chicago,  Burlington  and  Ouincv  Rail- 
road.    (25)  May,  1899.  . 
New  Coupled  Express  Engines  on  Great  Western  Railway.    Charles  Rous-Marten.     (12) 

April  28. 
High  Speed  Passenger  Locomotives.    Clement  F.  Street.     (61)  March  25;  (13)  May  4. 
Compound  Locomotives  on  the  Northern  Pacific  Railway.    Edwin  M.  Herr.     (61)  March 

25;  (18  >  April  22. 
A  Chapter  in  Locomotive  Stacks,  Union  Pacific  Railway.     (25)  May,  1899. 
Shop  Testing  of  Locomotives  in  the  United  States.     Richard  A.  Smart.      (10)  May,  1899. 
Locomotive  Design— The  Working  Strength  of  Materials.    F.J.Cole.     (25)  May,  1899. 
Consolidation  and  Mogul  Locomotives,   Southern  Pacific  Company.     (25)    May,  1899; 

(18)  May  6. 
The  New  Passenger  Engines  of  the  Burlington.     (15)  May  5. 
Consolidation  Locomotive,  Lehigh  Valley  Railroad.     ( 18)  May  6. 
Compound  Consolidation  Locomotives  for  the  Southern  Pacific.     (15)  May  5. 
Heavy  Locomotives  for  the  Lake  Shore.     (40)  April  28;  (18)  April  29. 
American  Locomotives  for  the  Midland  Railway,  England.     (18)  April  29;  (13)  May  4; 

(40)  May  5. 
New  Express  Engine.     (57)  Jan.  12. 
Electric  Express  Locomotives  on  the  Paris-Lyons-Mediterranean  R.  R.    O.  Walzel.    (5?) 

Feb.  10. 
A  Gasolene  Motor  Car.     (15)  May  5. 
The  Hoad ley-Knight  Auto-Trucks.     (20)  May  4. 
so. (Kio-Pounu  35-Foot  Coal  Cars,  Lake  Shore  &  Michigan  Southern  Railway.     (25)  May, 

1899. 
Ramsbottom  Water  Service  for  Moving  Railroad  Trains.    Kemmann.    (49)  IV— VI. 
A  German  Rail  Joint.     (12)  April  28. 

The  MacPherson  Switch  and  Frog,  Canadian  Pacific  Railway.     ( 18)  April  15. 
The  Shield  Used  in  Constructing  the  Orleans  Railway  Tunnel,  Paris.     (13)  May  4. 
The  Development  of  Railroad  Building  from  1848  to  1898.    Wilhelm  Ast.     (53)  April  21. 
South  African  Railway  Development.    Theodore  Reunert.     (10)  May,  1899. 
Revised  English  Train  Rules.     (15)  April  14. 
Resistance  of  Empty  and  Loaded  Coal  Cars.     (151  April  14. 

A  New  Device  for  Preventing  the  Sliding  of  Car  Wheels  by  Air  Brakes.     (13)  April  20. 
Rules   for    Railway    Location    and    Construction,    Northern    Pacific     Railway.      (,13) 

April  20. 
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Railroad— (Continued). 

Railways  in  Japan,     (u)  April  14. 

Propose  1  Abolition  of  Grade  Crossings  at  Syracuse.     (15)  April  21. 

A  Formula  for  Train  Resistance.    Henry  Graf tio.     (17)  May,  1899. 

Parallel  in  tb.9  D  >velopment  of  ths  Locomotive  and  Electric  Truck.    John  A.  Brill.     (17) 

May,  1899 
The  Cape  to  Ciiro  Railroad.    H.  G.  Prout,  M.  Am.  Soc.  C.  E.    (15)  April  14. 
The  Congo  Railway.    L.  Trouet.     (631  Part  I.  1899. 
The  Pahartali  Locomotive  and  Carriage  Works.    Assam-Bengal  Railway.    C.  F.  Bam- 

ford.     (63)  Part  I,  1899. 
The  Standard  Code  of  Train  Rules  of  the  American  Railway  Association  (for  single 

track).     (15)  April  21.  • 

Standard  Specifications  for  Interlocking,  L.  S.  &  M.  S.  Ry.     (18)  April  29. 
Electric  Headlights  and  Front  End  Signals.     (40)  Mayo. 
The  Track  Circuit.    C.C.Anthony.     127)  April  2.). 
Signaling  on  Single  Line  Railways.     (26)  April  21. 
Main  Air  Pipe  and  Connections  for  Pneumatic  Signals  and  Switches.    A.  M.  Keppel,  Jr. 

(15)  April  21. 
Inspection  of  Interlocking  Plants.    W.  H.  Elliott,     <  15)  April  21. 
The  Jersev  City  Coaling  Station  of  the  Erie  Railroad.     (15)  April  14. 
The  New  Railway  Stations  at  Omaha,  Neb.     113)  May  4. 
New  Union  Passenger  Station  at  Albany.  N.  Y.     (18)  May  6. 
Long  Island  Railroad  Improvements.    (15)  May  5 

Depression  of  Philadelphia  &  Reading  Railway  Tracks  in  Philadelphia.     (18)  April  29. 
Experimental  Grain  Elevators  at  the  Hamburger  Railroad  Station  in  Berlin.    Bork. 

(49)  IV-VI. 
Central  Railroad  Station  in  Osnabriick.     Bergmann.     (49)  I— III. 
English  Electric  Railroads.    Albert  H.  Bridge.     (15)  April  21. 
Generating  and  Distributing  Electric  Power  for  the  Glasgow  Corporation  Tramways. 

H.  F.  Parshall.     (13)  May  4. 
The  Electrical  Inspection  of  Street  Car  Equipments.    Albert  B.  Herrick.     (3)   May, 

1899. 
Electric  Railways  in  Paris.     (17)  May,  1899. 
Some  Details  of  the  Murphy  Third  Rail  System.     (27)  May  6. 
The  Electric  Railroad  between  Stausstad  and  Engelberg.     (48)  April  15. 
Electric  Motive  Power  on  Main  Lines.    C.  P.  Feldmann.     (48)  Feb.  18. 
Le  Mode  de  Pose  de  la  Voie  des  Chemins  de  Fer  dans  les  Souterrains.    Jules  Michel. 

(38)  April.  1899. 
Note  sur  une  Distribution  Speciale  Appliquee  a  la  Compagnie  du  Chemin  de  Fer  du 

Nord  de  PEspagne.     F.  Panoux.     (38)  April,  1899. 
Types  Recents  de  Voitures  etde  Wagons  des  Chemins  de  Fer  de  PEtat-Belge  et  Material 

de  Tramways     A.  Morizot.     (38)  April,  1899. 
Les  Wagons  a  Intel-circulation  de  la  Compagnie  de  PEst.    Daniel  Belief.     (36)  April  10. 
Le  Chemin  de  Fer  de  la  Jungfrau.    Henry  Martin.     (33)  April  22. 
Le  Chemin  de  Fer  de'Sfax  a  Gafsa  (Tunisie).     (33)  April  22. 
Machine  a  Poser  les  Voies  de  Chemins  de  Fer.     (34)  April,  1899. 
Platforme  Electrique  a  deux  vitesses  de  PExposition  de  1900.   (Historique  des  tentatives 

et  des  applications  de  la  locomotion  par  entrainement  continu  jusqu'ala).    Armen- 

gaud,  jeune.     (32)  Feb..  1S99. 
Tramways  Electriques  de  Tours.    Emile  Dieudonn£.     (36)  April  25. 
Perfectionnement  a  apporter  dans  la  construction  des  Voitures  a  Voyageurs.     (36) 

April  25. 

Sanitary. 

Refuse  Destruction.     (11)  April  7. 

Refuse  Furnaces.    G.Watson.     (63)  Part  I,  1899. 

The  Horsfall  Destructor.     (26)  March  31. 

Refuse  Cremation  at  Edinburgh,  Bradford  and  Oldham.     (14)  May  6. 

Karachi  Sewerage  Works.    J.  Strachan.     (63)  Part  I,  1899. 

Sewer  Repairs,  Cincinnati,  Ohio.     (14)   April  15. 

Street  Cleaning  in  Washington,  D.  C.     (14)  April  22. 

The  Sewerage  of  London,  Ont.     (14)  April  22. 

Experience  in  Sewer  Construction.    L.M.Hastings.     (1)  March,  1899. 

Maintenance  of  the  System  of  Separate  Sewers  at  Newton,  Mass.    Stephen  Childs,  M. 

Am.  Soc.  C.  E.     ( 1 )     March.  1899. 
Street  Cleaning  in  San  Francisco.     (14)  May  0. 

Structural. 

The  Vulcanite  Portland  Cement  Company's  Works.  F.  H.  Lewis,  M.  Am.  Soc.  C.  E. 
114)  May  6. 

Gravity  Staam-Haating  Problems.    (14)  May  0. 

The  Sutro  Baths  of  San  Francisco.    F.  W.  Parsons.     (46)  April  29. 

The  New  Foundry  of  the  General  Electric  Company.     (13)  April  13;  (14)  April  15. 

Heating  the  Foundry  of  the  General  Electric  Company.     (20)  April  27. 

The  Employment  of  Electrical,  Heating  and  Sanitary  Engineers  in  Building  Construc- 
tion.    (13)  April  13. 

The  Calculation  of  I-Beam  Grillage  Foundations.    J.  B.  Nau.     (13)  April  20. 

Column  and  Beam  Connections  in  the  Williamson  Building.     (14)  April  22. 
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Structural— (Continued). 

The  Wanaraaker  Stables,  New  York.     (14)  April  22. 

"  Electric  "  Steel  Tank  Elevator  at  Buffalo,  N.  Y.     (18)  April  8. 

Expansion  of  Iron  Structures.    F.  Z.  Schellenberg.     (62)  April  21. 

Repeated  Stresses.    Jerome  Sondencker.     (7)  March,  1899. 

The  Planning  and  Building  of  the  Southern  Station,  Boston.    George  B.  Francis,  M.  Am. 

Soc.  C.  E.     (7)  March,  1899. 
On  the  Theory  of  Domes  and  Steeples.    H.  Muller.     (48)  April  8. 
General  Assembly  Hall  and  Auditorium  of  the  Technical  Highschool  in  Karlsruhe.     (49) 

IV-YI. 
Refrigerating  Plant  at  City  Market  Hall  in  Vienna.    J.  Hermanek.     (53)  Jan.  6. 
Ecole  Libre,  Rue  Bobillot,  a  Paris.     (35)  April,  1899. 

Topographical. 

Some  Observations  on  the  Use  of  Polar  Planimeters.     Walter  W.  Patch.     (13)  April  13. 
Trial  Survey  for   a  Railway  over   the    Outeniqua  Mountains,   Cape  Colony.      C.   E. 
Stewart,     (63)  Part  I,  1899. 

Water  Supply. 

Siandpipefor  the  City  of  Miilheim.    F.  Thometzek.     (48)  Jan.  28. 

Machinery  of  the  Water  Works  at  Breitensee.    C.  Budil.     (48)  Jan.  7. 

The  Water  Tower  in  Kiel.    R.  Schmidt.     (51)  Feb.  8. 

Subaqueous  Pipe  Laying  at  Delray.    (14)  April  15, 

Electrolysis  in  Battle  Creek,  Mich.     W.  W.  Brigden.     (14)  April  15. 

The  Construction  of  High  Earth  Dams.     (14)  April  15. 

Water  Filtration,   Zurich,   Switzerland.      James  H.   Fuertes,  M.  Am.  ;Soc.  C.  E.     (i4) 

April  83. 
The  Amballa  (India)  Water- Works.     ( 14)  April  22. 
Allowances  for  Depreciation  in  the  Pipe  System  of  the  Los  Angeles  Water- Works.     (13) 

May  4. 
The  New  Water- Works  of  Camden,  N.  J.     (13)  May  6. 
Nouveau  Reservoir  d'Eau  de  la  Ville  de  Mulheim.     (33)    April  22. 

Waterways. 

The  Economic  Relation  of  the  Proposed  Deep  Waterways  to  the  State  of  New  York. 

George  W.  Rafter,  M.  Am.  Soc.  0.  E.     (7)  March,  1899. 
Buenos  Ay  res  Harbor- Works.     (11)  April  21. 
The  Rhein-Elbe  Canal.     (50)  April  15. 

New  Harbor  Improvements  in  Stettin.     F.  Krause.     (49)  I-III. 
River  Regulation  Works  and  Harbor  and  Canal  Construction  in  Germany.    L.  Franzius 

and  G.  H.  de  Thierry.     (63)  Part  I,  1899. 
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NEW  BOOKS  OF  THE  MONTH. 

Unless  otherwise  specified,  books  in  this  list  have  been  donated  to  the  Library 
by  the  Publisher. 


DICTIONARY  OF  ELECTRICAL  WORDS,  TERMS  AND  PHRASES. 

By  Edwin  J.  Houston.  Fourth  Edition.  Cloth,  10  x  7  ins.,  990 
pp.,  illus.  New  York,  The  W.  J.  Johnston  Company,  1898.  #5.00. 
(Donated  by  The  Electrical  World  and  Engineer.) 

The  rapid  growth  of  electrical  science  and  the  almost  daily  addition  of  new  terras 
and  phrases  have  led  to  the  production  of  an  electrical  vocabulary  that  is  bewildering 
in  its  extent.  In  order  to  leave  no  doubt  concerning  the  precise  meaning  of  the  terms 
and  phrases  defined,  the  plan  has  been  adopted  by  the  author,  of  giving:  (1)  A  concise 
definition.  (2)  A  brief  statement  of  the  principles  of  the  science  involved  in  the  defini- 
tion; and  (3)  where  possible  and  advisable  a  cut  of  the  apparatus  described  or  used  in 
connection  with  the  term  or  phrase  defined. 


STANDARD  TABLES  FOR   ELECTRIC  WIREMEN. 

With  Instructions  for  Wiremen  and  Linemen,  Underwriters' Rules, 
and  Useful  Formulas  and  Data.  By  Charles  M.  Davis.  Fourth 
Edition.  Roan,  5x3ins.,  128pp.  New  York,  The  W.  J.  Johnston 
Company,  1896.  $1.00.  (Donated  by  The  Electrical  World  and 
Engineer.) 

The  wiring  tables  have  been  recalculated  for  this  edition  and  a  section  on  the  calcu- 
lation of  alternating  current  wiring  added. 


CENTRAL  STATION  BOOKKEEPING 

And  Suggested  Forms;  with  an  Appendix  for  Street  Railways.  By 
Horatio  A.  Foster,  M.  Am.  Inst.  E.  E.  Cloth,  9x6  ins.,  139  pp.,  tables. 
New  York,  The  W.  J.  Johnston  Company,  1896.  $2.50.  (Donated  by 
Tiie  Electrical  World  and  Engineer.) 

The  author  has  endeavored  to  show  such  a  classification  of  accounts  and  a  system  of 
reports  for  central  electric  light  and  power  stations  as  to  enable  the  management  by 
their  use  to  know  the  full  details  of  the  business  of  distributing  electric  current.  The 
contents  are:  Customers' Ledgers;  Objects  of  Accounting  and  Classification;  Operating 
Expense;  Income  from  Operation:  Profit  and  Loss;  Property  Accounts;  Liability  Ac- 
counts; General  Classification;  General  Books:  Monthly  Summary  Statements;  Book- 
keeping for  Electric  Street  Railways. 

ALTERNATING  CURRENTS  OF  ELECTRICITY. 

Their  Generation,  Measurement,  Distribution  and  Application. 
By  Gisbert  Kapp.  American  Edition.  Cloth,  7x5  ins.,  166  pp.  New 
York,  The  W.  J.  Johnston  Company,  1896.  $1.00.  (Donated  by  The 
Electrical  World  and  Engineer.) 

The  author  assumes  that  the  reader  is  acquainted  with  the  behavior  of  steady  cur- 
rents in  circuits  whose  constants  are  readily  obtainable,  and  treats  briefly  of  periodic 
currents  in  general,  the  phase  relations  of  impressed  and  induced  electromotive  forces 
possible  in  simple  circuits,  alternators,  the  requirements  of  central  stations,  alternat- 
ing cm-rent  motors  and  multiphase  currents.    There  is  an  index  of  eight  pages. 
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ALTERNATING  CURRENTS. 

An  Analytical  and  Graphical  Treatment  For  Students  and  Engi- 
neers. By  Frederick  Bedell  and  Albert  dishing  Crehore.  Third  Edi- 
tion. Cloth,  9x6  ins.,  325  pp.  New  York,  The  W.  J.  Johnston  Com- 
pany, 1895.     $2.50.     (Donated  by  The  Electrical  World  and  Engineer.) 

The  authors  have  endeavored  to  meet  the  demand  for  definite  information  in  regard 
to  the  fundamental  principles  governing  the  flow  of  variable  or  alternating  currents. 
Their  purpose  has  been  to  use  such  mathematical  terms  and  analytical  methods  as  make 
it  possible  for  the  demonstration  to  be  exact  and  rigorous  and  at  the  same  time  to  ex- 
press the  results  in  such  a  way  as  to  be  intelligible  to  those  who  do  not  desire  to  follow 
the  methods  of  proof  but  are  only  interested  in  the  conclusions  reached.  The  subject 
is  divided  into  two  parts.    Parti.  Analytical  Treatment.    Parts.  Graphical  Treatment. 

RECENT  PROGRESS  IN  ELECTRIC  RAILWAYS. 

Being  a  Summary  of  Current  Periodical  Literature  Relating  to 
Electric  Railway  Construction,  Operation,  Systems,  Machinery,  Ap- 
pliances, etc.  Compiled  by  Carl  Hering.  Cloth,  7x5ins.,  389  pp., 
illus.  New  York,  The  W.  J.'  Johnston  Company,  1897.  31.00.  (Donated 
by  The  Electrical  World  and  Engineer.) 

The  compiler,  feeling  that  the  volume  of  current  electrical  literature  is  so  great  that 
it  is  almost  if  not  quit?  impossible  for  one  to  keep  satisfactorily  informed  of  the  ad- 
vances made  in  the  different  branches  of  electrical  engineering,  lias  issued  a  r&sum6  of 
articles  upon  electric  railways  appearing  in  periodicals.  He  has  assumed  no  responsi- 
bility for  any  of  the  statements  compiled.  The  contents  arc:  Historical  Notes: 
Development  and  Statistics;  Construction  and  Operation;  Cost  of  Construction  ana 
Operation;  Overhead  Wire  Surface  Railways;  Conduit  and  Surface  Conductor  Systems; 
Storage  Battery  Systems;  Underground  (Tunnel)  Systems;  High  Speed  Interurban 
Railroads;  Miscellaneous  Systems:  Generators,Motors and  Trucks;  Accessories. 

HYDRAULIC  MACHINERY. 

With  an  Introduction  to  Hydraulics.  By  Robert  Gordon  Blaine. 
Cloth,  9x6  ins.,  383  pp.,  illus.     New  York,  Spon  &  Chamberlain, 

1897.     $5.00. 

In  this  work  the  author  has  made  use  of  elementary  applications  of  the  calculus. 
The  book  was  written  with  the  hope  of  assisting  students  to  obtain  a  fairly  thoroug-h 
groundwork  in  the  knowledge  of  hydraulic  power.  The  headings  of  chapters  are:  In 
troduction;  Compressibility  of  Water;  The  Hydraulic  Press:  Hydraulic  Jac  k;  Applica 
tions  of  the  Hydraulic  Press;  Fluids  and  Fluid  Pressure;  Lines  of  Force  and  Equipoten 
tial  Surfaces;*  Hydraulics— Friction  of  Water  at  Different  Velocities;  Flow  of  Water— 
From  Orifices— Through  Pipes — In  Channels;  Coefficients  of  Hydraulic  Resistance;  Dis- 
tribution of  Energy;  The  Measurement  of  Flowing  AVater;  Jet  Propulsion;  Nozzles  and 
Jets;  Water- Wheels;  Centrifugal  Pumps:  Turbines;  Speed  Regulation;  Hydraulic  Trans- 
mission of  Power;  Hydraulic  Cranes;  Hydraulic  Lifts;  Hydraulic  Canal  Lifts  and  Graving 
Docks;  Hydraulic  Engines;  Bridge  and  Dock-Gate  Machinery;  Hydraulic  Machinery  on 
Board  Ships:  Hydraulic  Machine  Tools;  Pumps;  The  Hydraulic  Intensifier;  Hydraulic 
Rams;  Hydraulic  Brake;  Waste  of  Power  in  Hydraulic  Mains.  There  is  an  index  of  six 
pages. 

MODEL  OF  A  HORIZONTAL  STEAM  ENGINE. 

Furnished  with  Meyer's  Variable  Expansion  Gear;  with  a  Brief  De- 
scription of  the  Parts  and  the  Method  of  Working,  and  a  Discussion 
and  Explanation  of  Zeuner's  Valve  Diagrams.  By  Chr.  Volkert,  tr.  and 
ed.  by  Arnold  Philip.  Boards,  7  x  10  ins.,  25  pp.  plates.  London, 
1896,  George  Philip  and  Son.  (Imported  bv  Thomas  Whittaker,  New 
York).     $1.00. 

The  author  has  endeavored  to  make  clear  to  persons  other  than  engineers,  who  are 
indirectly  more  or  less  interested  in  steam  engines,  a  knowledge  of  their  working.  He 
has  taken  as  a  model,  the  type  in  which  the  periodic  distribution  of  steam  is  regulated 
by  slide-valves.  The  contents  are  as  follows:  General  Arrangement  of  Parts:  Descrip- 
tion of  the  More  Important  Parts  of  the  Steam  Engine;  Steam  Distribution  by  Means  of 
Ordinary  "  D "  Slide-Valves.  The  book  is  illustrated  with  dissected  and  colored 
drawings. 
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STEAM  BOILER  PRACTICE. 

In  Its  Relation  to  Fuels  and  Their  Combustion,  and  the  Economic 
Results  Obtained  with  Various  Methods  and  Devices.  By  Walter  B. 
Snow.  Cloth,  9  x  6  ins.,  297  pp.  New  York,  John  Wiley  &  Sons, 
1899.     $3.00. 

Steam  boiler  practice  as  b.<=re  treated  is  concerned  rather  with  the  results  ob- 
tained than  with  a  detailed  description  of  the  methods  and  devices  used  to  secure  the 
economical  combustion  of  fuel  in  connection  with  a  steam  boiler.  The  author  has 
endeavored  to  indicate  the  possible  gain  or  loss  to  result  from  a  given  arrangement  and 
to  point  the  way  toward  securing  the  highest  efficiency  in  steam  boiler  practice.  Con- 
tents are  as  follows:  Steam  Boiler  Practice;  Water  and  Steam;  Combustion;  Fuels; 
Efficiency  of  Fuels;  Efficiency  of  Steam  Boilers;  Rate  of  Combustion;  Draft;  Chimney- 
Draft;  Mechanical  Draft;  Rules  for  Conducting  Boiler-Trials.  There  is  an  index  of  four 
pages. 


LOCOMOTIVE  ENGINE  RUNNING  AND  MANAGEMENT. 

Showing  How  to  Manage  Locomotives  in  Running  Different  Kinds 
of  Trains  with  Economy  and  Dispatch;  Giving  Plain  Descriptions  of 
Valve  Gear,  Injectors,  Brakes,  Lubricators,  and  other  Locomotive 
attachments;  Treating  on  the  Economical  Use  of  Fuel  and  Steam;  and 
Presenting  Valuable  Directions  about  the  Care,  Management,  and 
Repairs  of  Locomotives  and  Their  Connections.  By  Angus  Sinclair. 
Cloth,  8x5  ins.,  438  pp.,  illus.  21st  Edition.  New  York,  John  Wiley 
&  Sons,  1899.     $2.00. 

The  author's  aim  has  been  to  treat  all  subjects  discussed  in  such  a  way  that  any 
reader  would  clearly  understand  every  sentence  written.  No  attempt  is  made  to  con- 
vey instruction  in  anything  beyond  elementary  problems  in  mechanical  engineering. 
The  construction  and  management  of  compound  locomotives  are  not  described,  the 
author  confining  himself  to  the  single  expansion  engine.  A  chapter  is  devoted  to  the 
examination  of  firemen  for  promotion.    There  is  an  index  of  twelve  pages. 


THE  STORY  OF  THE  RAILROAD. 

By  Cv  Warman.  Cloth,  8x5  ins.,  280  pp.,  illus.  New  York, 
1898,  D.  Appleton  &  Company.     $1.50. 

This  book  is  a  chronicle  of  the  life  which  began  with  and  accompanied  the  building 
of  a  transcontinental  highway.  It  pictures  the  construction  of  the  earlier  lines  across 
the  deserts  and  mountains  of  the  Western  United  States.  Prominence  is  given  to  the 
Union  Pacific,  but  in  a  sense,  the  Atchison,  Topeka  and  Santa  x  e  is  the  typical  railroad 
of  the  book. 


THE  NEW  ROADMASTER'S  ASSISTANT. 

A  Manual  of  Reference  for  those  having  to  do  with  the  Permanent 
Way  of  American  Railroads.  By  George  Hebard  Paine.  Roan, 
7  x  4 J  ins.,  259  pp.,  illus.  The  Railroad  Gazette,  1898.  (Donated  by 
the  author.) 

This  volume  is  the  successor  to  the  Roadmaster's  Assistant,  written  in  1871  and  re- 
vised in  1877.  It  aims  to  be  practically  useful  and  theoretically  correct.  Its  scope  in  the 
treatment  of  problems  arising  in  the  "maintenance  of  way  on  railroads  is  indicated  by 
the  chapter  headings,  which  are  asfollows:  General  Remarks;  Organization  and  Methods 
of  Work;  Fences.  Highway  Crossings  and  Platforms;  Miscellaneous  Fixtures  and  Sta- 
tion Grounds:  Water  Supply;  Drainage;  Culverts,  Trestles  and  Bridge  Floors:  Ballast; 
Cross  Ties:  Rails  and  Fastenings;  Track  Work;  Tools;  Frogs.  Switches  and  Switch 
Stands:  Emergencies  and  Train  Signals;  Fixed  Signals;  Rules  and  Tables.  There  is  an 
index  of  five  pages. 
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RAILWAY  ECONOMICS. 

By  H.  T.  Newconib.  Cloth,  8x5  ins.,  152  pp.  Philadelphia, 
Railway  World  Publishing  Co.,  1898.     $1.00. 

This  work  is  intended  to  present  the  principal  facts  which  establish  the  position  of 
railway  transportation  in  the  present  organization  of  industry  in  the  United  States. 
The  contents  are:  Transportation;  Railway  Service  in  the  United  States;  Capitaliza- 
tion; Income  and  Expenditure:  The  Decline  in  Charges;  Rates  and  Prices;  Causes 
of  the  Decline  in  Charges;  Competition  Among  Railways  and  the  Decline  in  Charges; 
Competition  Among  Producers  and  the  Decline  in  Charges;  The  Law  of  Increasing  Re- 
turns: Increasing  Use  of  Railway  Facilities;  Socially  Profitable  Transportation;  How 
Socially  Unprofitable  Transportation  May  Occur:  Should  the  Business  or  Railway  Trans- 
portation be  Remunerative  ?  Energy  Expended  on  Joint  Account;  Relatively  Reason- 
able Rates:  Unjust  Discrimination  in  General;  Consolidation;  Pooling;  Associations; 
Taxation;  Construction. 

SEWER  DESIGN. 

By  H.  N.  Ogden.  Cloth,  8x5  ins.,  234  pp. ;  illus. ;  5  plates.  New 
York.     John  Wiley  &  Sons,  1899.     $2.00. 

This  work  represents  a  course  of  lectures,  given  in  the  College  of  Engineering, 
Cornell  University,  treating  only  of  the  subject  of  sewer  design.  The  contents  are: 
General  Considerations;  Preparatory  Maps  and  Data;  Excessive  Rains;  Proportion 
Reaching  the  Sewers;  Relation  of  Density  to  Percentage:  Mathematical  Formulas;  Es- 
timating Future  Population;  Amount  of  Sewage  per  capita;  Ground  Water  Reaching 
Sewers;  Grades  and  Self-Cleansing  Velocities;  Development  of  Formulas  for  Flow; 
Kutter's  Formula;  Sewer  Diagrams;  Use  of  Diagrams;  Sewer  Plans;  Sewer  Cross-Sec- 
tions; Flushing;    Use  of  Tanks. 

LANDSCAPE  GARDENING. 

As  Applied  to  Home  Decoration.     Bv  Samuel  T.  Maynard.     Cloth, 

8x5  ins". ,  338  pp. ,  illus.     New  York,  John  Wiley  &  Sons,  1899.     $1. 50. 

The  author  has  endeavored  to  supply  information  which  will  enable  persons  in 
limited  circumstances  to  properly  care  for  ornamental  trees,  shrubs,  or  plants,  and  to 
show  how  to  group  and  combine  them  with  the  lawn,  the  dwelling  and  other  buildings,  or 
houses  adjoining.  Headings  of  chapters  are:  Landscape  Gardening  and  Home  Orna- 
mentation: Ornamenting  New  Homes;  Preparation  of  the  Land;  Trees— Their  Planting 
and  Care;  Shrubs,  Hedges  and  Hardy  Climbers;  Walks  and  Drives;  Renovating  and 
Improving  Old  Homes;  Country  Roads  and  Roadside  Improvements;  Parks,  Public 
Squares,  School  Yards,  etc.;  Description  of  Trees;  Evergreen  Trees;  Ornamental  Shrubs; 
Herbaceous  Plants,  Aquatic  Plants,  Insects  injurious  to  Ornamentals;  The  Home  Fruit 
Garden.    There  is  an  index  of  twenty-four  pages. 

ELEMENTS  OF  WATER  SUPPLY  ENGINEERING. 

By  E.  Sherman  Gould.  Cloth,  9x6  ins.,  168  pp.  New  York,  The 
Engineering  News  Publishing  Co.,  1899.     $2. 

All  matter  previously  published  in  the  first  and  second  editions  of  "Practical 
Hydraulic  Formulae,''  in  1889  and  1894,  is  contained  in  this  work;  but  in  the  present 
volume,  under  the  heading  of  "  Notes  to  Parts  I  and  II,"  material  has  been  added  sup- 
plementing and  extending  many  points.  An  entirely  new  part  (Part  III),  has  been 
added.  The  contents  are:  Flow  of  Water  Through  Masonry  Conduits;  Some  Details  of 
Tunnel  and  Aqueduct  Construction;  Filtration  of  Public  Water  Supplies;  Pumping  En- 
gines and  Duty  Trials;  Arches  and  Abutments.  The  work  contains  a  number  of 
hydraulic  tables  and  an  index  of  six  pages. 

LOUISVILLE    FILTRATION    EXPERIMENTS. 

Report  on  the  Investigations  into  the  Purification  of  the  Ohio  River 
Water  at  Louisville,  Kentucky ;  Made  to  the  President  and  Directors 
of  the  Louisville  Water  Company.  By  George  W.  Fuller.  Cloth,  12 
x  9  ins.,  461  pp.,  plates.  New  York,  D.  Van  Nostrand  Company,  1898. 
$10. 00.     (Donated  by  the  author. ) 

This  is  a  report  of  tests  and  investigations  which  had  for  their  purpose  the  determi- 
nation of  the  quality  of  the  river  water  after  purification  on  a  practical  scale  by  niters, 
or  systems  of  purification,  and  the  collection  and  compilation  of  such  data  as  would  in- 
dicate the  cost  of  construction  and  operation  of  these  filters  or  systems.  There  is  an 
index  of  eight  pages. 
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STEAM  HEATING   FOR  BUILDINGS. 

Baldwin  on  Heating;  or,  Steam  Heating  for  Buildings,  Revised — 
being  a  Descrijition  of  Steam  Heating  Apparatus  for  Warming  and 
Ventilating  Large  Buildings  and  Private  Houses,  with  Remarks  on 
Steam.  Water,  and  Air,  in  Their  Relation  to  Heating;  to  which  are 
added  Useful  Miscellaneous  Tables.  By  William  J.  Baldwin.  Four- 
teenth Edition,  Revised  and  Enlarged.  Cloth,  8x5  ins.,  365  pp. ; 
illus. ,  6  plates.  New  York,  John  Wiley  &  Sons,  1897.  $2.50.  (Dona- 
ted by  the  author.) 

In  the  present  edition,  so  far  as  the  work  relates  to  the  principles  of  steam  heating, 
where  the  water  of  condensation  is  returned  to  the  boiler  by  gravity,  little  change  from 
preceding  editions  has  been  made:  but  to  bring  it  to  modern  practice  in  the  use  of 
steam  by  other  methods,  a  general  revision  was  necessary.  An  endeavor  has  been 
made  to  confine  the  work  to  facts  as  developed  by  practice,  experience  and  experiment 
and  comment  and  opinion  are  refrained  from,  except  where  the  lack  of  an  explanation 
might  lead  to  error  or  misunderstanding.    There  is  an  index  of  eleven  pages. 
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MEMBEES.  Date  of 

Fuebee,  William  C'opeland  Membership. 

501  Philadelphia  Bunk  Bldg.,   421  Chestnut  St.,  Phila- 
delphia. Pa May    2,  1899 

Hinds,  Franklin  Allen 

28  Flower  Bldg. ,  Watertown,  N.  Y May    3,  1899 

Lockwood,  Judd  Allen 

115  West  120th  St.,  New  York  City April  4,  1899 

McKinstbt,  Chables  Hedges  ( 

Captain,  Corps  of  Engrs.,  U.  S.  A.,  Key  West,  \  Assoc'  M"     Sel3t-  2'  1896 
P,a  J  j  M.  May    3,  1899 

Mauey,  Dabney  Heendon,  Jr. 

Eng.  and  Supt.,  Peoria  Water-Works  Co.,  Peoria,  HI May    3,  1899 

Millee,  Chaeles  Heney 

Box  204,  Memphis,  Tenn May    2,  1899 

Tatnall,  Geoege 

1403  Gilpin  Ave.,  Wilmington,  Del May   3,  1899 

Vox  Leek,  Isaac  Wayne 

Const.  Eng.,  Quartermaster's  LYpt.,  Havana,  Cuba May    3,  1899 

associate  membees. 
Baird,  Samuel  Pond 

Supt.,  Portsmouth  Street  Railroad  and  Light  Co.,  Ports- 
mouth, Ohio Mar.  1,  1899 

Beaxton,  Jaqdelin  Maeshall                                       j  Jun.  Jan.  5,  1897 

P.  0.  Drawer  521,  Key  West,  Fla 1  Assoc.  M,  May  3,  1899 
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CUDDEBACK,   ALLAN    WlNTER 

Asst.  Eng.,  Passaic  Water  Co.,  Paterson,  N.  J April  5,  1899 

Cunningham,  Paul  Dayis 

Asst.  Engr.,  Supt.  Dept.  of  Streets,  Tacon  3,  Havana, 

Cuba Mar.   1,1899 

Harrington,  Ferdinand  Finney 

Bushkill  House,  Easton,  Pa May    3,  1899 

Kinsey,  Frank  Wilmakth 

Morris  <fc  Cumings  Dredging  Co.,  22  State  St.,  \  Jun.  Feb.    2,  1892 

New  York  City 1  Assoc.  M.     Dec.    7,1898 

Martin,  Kingsley  Leverich  j  Jun.  Nov.    5,  1895 

194  Berkeley  Place,  Brooklyn,  N.  Y I  Assoc.  M.     May    3,  1899 

Nagle,  James  C 

Prof,  of  Civil  Eng.   and  Physics,  Agricultural  and  Me- 
chanical College  of  Texas,  College  Station,  Texas April  5,  1899 

Pitney,  Frederic  Vernon  j  Jun.  April  5,  1892 

Morristown,  N.  J /  Assoc.  M.     May    3,  1899 

Poland,  William  Babcock 

Eng.  of  Constr.,  B.  &  0.  S.  W.  R.  R.,  Cincin-  (  Jun.  Oct.  31,  1893 

nati,  Ohio "I  Assoc.  M.     May    3,  1899 

Wagner,  Bernard  Matthew 

Asst.  Eng.,  Dept.  Water  Supply,  Brooklyn,  N.  Y May    3,  1899 


ASSOCIATE. 

Gildersleeve,  Alger  Crocheron  i  Jun.        Feb.    6,  1894 

28  West  48th  St. ,  New  York  City   \  Assoc.     April  4,  1899 

JUNIORS. 

Cleaver,  Pitson  Jay 

344  Lafayette  Ave.,  Brooklyn,  N.  Y April  4,  1899 

Coombs,  Robert  Duncan,  Jr. 

Box  878,  Steelton,  Pa. May   2,  1899 

Fuller,  Almon  Homer 

Prof,  of  Eng.,  Univ.  of  Washington,   Seattle,  Wash April  4,  1899 

Machen,   Henry  Bennett 

150  West  82d  St.,  New  York  City May   2,  1899 

Melius,  Ludlow  Lawrence 

30  South  Hawk  St.,  Albany,  N.  Y May    2,  1899 

Merriman,  Thaddeus 

South  Bethlehem,  Pa April  4,  1899 

Skelly,  James  William 

Care  U.  S.  Office  Boat  No.  1,  Herculaneum,  Mo May   2,  1899 


FELLOW. 

Stanton,  John  Robert 

Secy,  and  Treas.,  Wolverine  Copper  Mining  Co.,  11  and 
13  William  St.,  New  York  City April  4,  1899 
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CHANGES  OF  ADDRESS. 

MEMBERS. 

Alyord,  John  Watson 127    Hartford    Bldg.,    Madison    and 

Dearborn  Sts.,  Chicago,  111. 

Andrews,  Payid  Marshall Lincoln,  Ala. 

Bogaet,  John 40  Wall  St.,  New  York  City. 

Bogue,  Virgil  Gat 118     Manhattan     Life    Building,    66 

Broadway,  New  York  City. 

Beooks,  Feedeeick 31  Milk  St.,  Boston,  Mass. 

Bueeowes,  Feancis  Smith U.    S.    Asst.    Engr.,    U.    S.   Engr.'s 

Office,  Portland,  Me. 

Dunn,  Daniel  Burke Res.   Eng.,   Tennessee    Central  By., 

Bockwood,  Tenn. 

EcKABT,  William  Boberts Boom  4,  Nevada  Block,  San  Fran- 
cisco, Cal. 

Fowler,  Charles  Evan 11  Broadway,  Boom  1404,  New  York 

City. 

Harixg,  James  Smith Somerset,  Pa. 

Harlow,  James  Hayward Station  D,  Pittsburg,  Pa. 

Haskell,  Eugene  Elwin U.  S.  Asst.  Eng.,  Jones  Bldg.,  De- 
troit, Mich. 

Hills,  Francis  Lowell Director  of  Public  Works  of  Island  of 

Porto  Bico,  San  Juan,  P.  B. 

Hobby,  Arthur  Stanley California,  Ohio. 

Johnson,  John  Butler Dean  of   the    College    of   Mech.  and 

EDg.,  University  of  Wisconsin, 
Madison,  Wis. 

Juengst,  Henry  Frederick Care  St.  Joseph  Water  Co.,  St.  Jo- 
seph, Mo. 

King,  Paul  Sourin 25  West  23d  St.,  New  York  City. 

Knap,  Joseph  Moss 469  Greenwich  St. ,  New  York  City. 

McCormick,  George  King 1031  Alexander  Ave.,  Knoxville,  Tenn. 

Maltby,  Frank  Bieece 1515  Locust  St.,  St.  Louis,  Mo. 

Beed,  David  Abell Div.  Eng.,  P.  I.  &  N.  By.,   Weiser, 

Washington  Co.,  Idaho. 

Beiseger,  Marc  John Eng.  in  Chge.,  Grand  Bapids  Bridge 

Co.,  612  Pythian  Temple,  Grand 
Bapids,  Mich. 

Boberts,  Nathaniel 160  Fifth  Ave.,  New  York  City. 

Schmidt,  Max  Eberhaedt 71   Broadway,  Boom  1512,  New  York 

City. 

Thomas,  George  Edward South    Maitland,    Hants    Co.,    Nova 

Scotia. 

Thomson,  Thomas  Kennaed 13-21  Park  Bow,  New  York  City. 

Treadwell,  Lee Tariff ville,  Conn. 

Tye,  William  Francis Chf.    Eng.    of    Constr.,    Columbia    & 

Western  Ky.,  Trail,  B.  C,  Canada. 
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Wells,  Charles  Edwin 73  Prospect  St.,  Clinton,  Mass. 

Wilgus,  William  John Chf.  Eng.,  N.  Y.   C.  &  H.  R.   R.  R. 

Co.,    Grand   Central   Station,  New 

York  City. 

ASSOCIATE    MEMBERS. 

Aylett,  Philip Care  Chf.  Eng.  's  Office,  Seaboard  Air 

Line,  Portsmouth,  Va. 
Baiee,  Julius   74fi  East  Kiowa  St.,  Colorado  Springs, 

Colo. 

Barnes,  William  Thomas Res.  Eng.,  B.  &0.  S.  W.  Ry.,  Olney,  111. 

Beugler,  Edwin  James 269  Columbus  Ave.,  Boston,  Mass. 

Boatrite,  James  Edwin Hotel  Intermont,  Covington,  Va. 

Christian,  George  Lyon  2245  Bathgate  Ave.,  Bronx  Borough, 

New  York  City. 
Diebitsch,  Emil. Care    John    Pierce,  5   Beekman   St., 

New  York  City. 
Frick,  Walter Chf.  Eng.,  Consolidated  Water  Supply 

Co.,  Carbondale,  Pa. 
Hartwell,  Harry  Eng.,  San  Paulo  Ry.  Light  and  Power 

Co.,  San  Paulo,  Brazil. 
Hazard,  Erskine Chf.  Surveyor,  The   Lancaster    Gold 

Mining  Co.,  and  The  Lancaster  West 

Gold  Mining  Co.,  Box  994,  Johan- 
nesburg, South  African  Republic. 

Hill,  George  •. .   150  Fifth  Ave.,  New  York  City. 

Howard,  Charles  Pope  Care  C.  &  O.  Ry.,  Huntington,  W.  Va. 

Jackson,  John  Franklin Houghton,  Mich. 

Jenckes,  Lawrence  Bates Supt.  Public  Works,  Stamford,  Conn. 

Kyle,  George  Allan  Asst.  Eng.,  N.  P.   Ry.  Co.,  Tacoma, 

Wash. 
Leffingwell,  Frank  Dodge Asst.  Eng.,  Dept.  Public  Bldgs.,    13 

Park  Row,  New  York  City. 
Mercer,  Charles  Hatton Asst.    Eng.,    Biidge    Constr.    Dept., 

Pennsylvania  Steel  Co.,  Steelton,  Pa. 

Miner,  Charles  Augustine Coldwater,  Mich. 

Mitchell,  Edwin Eng.,  M.  of  W.,  W.  V.  C.  &  P.  By., 

Elkins,  W.  Va. 
Perkins,  Philo  Sackett  Eng.'s  Office,  N.  Y.,  N.  H.  &  H.  R.  R., 

New  Haven,  Conn. 

Quick,  Alfred  Merritt 520  Equitable  Bldg.,  Baltimore,  Md. 

Rapp,  John  Van  Buskirk N.  W.  corner  29th  St.  and  11th  Ave., 
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Supporting  Piles. 

Experiments  on  the  impact  of  the  ram  of  a  pile-driver,  from  the 
ordinary  heights  of  its  operation,  and  deductions  therefrom,  are  not  as 
satisfactory  as  the  importance  of  the  subject  requires,  as  evidenced  by 
the  variety  in  the  elements  of  computation,  formulas  and  factors  of 
safe  loads. 

Authors  upon  physical  laws,  and  engineers  who  have  essayed  to 
give  a  formula  for  the  impact  and  effect  of  a  ram  on  a  pile,  vary  not 
very  materially,  but  in  some  instances  have  introduced  elements 
having  little  or  no  connection  with  it,  and  consequently  of  no  essen- 
tial value:  as  the  diameter,  weight  and  length  of  a  pile,  its  mean 
depression  per  number  of  blows,  its  modulus  of  elasticity,  and  the 
cube  root  of  the  height  of  fall  of  the  ram. 

The  resistance  a  pile  offers  to  the  blow  of  a  ram  is  the  measure  of 

its  capacity  to  sustain  a  stress,  wholly  independent  of  its  diameter, 

weight,  length,  modulus  of  elasticity,  etc. 

Note.— These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 
( iorreapondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published  in  a 
subsequent  number  of  Proceedings,  and,  when  finally  closed,  the  papers  with  discussion 
in  full  will  be  published  in  Transactions. 
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Thus,  the  diameter  of  a  pile  and  the  distance  of  its  penetration  are 
not  proper  elements  in  the  computation,  as  their  effect  is  embraced  in 
their  limitation  of  the  penetration  of  the  pile;  added  to  which  the 
weight  of  the  pile  is  of  consideration  only  as  involving  a  weight  of 
ram  proportionate  to  its  inertia,  and  the  relative  elasticity  of  a  pile  is 
of  little  moment,  for  when  a  pile  approaches  to  the  penetration  of 
required  resistance  or  refusal,  if  its  head  is  broomed  it  is  dressed  off, 
and  if  split  or  liable  to  be,  it  is  confined  by  a  ring.  In  fact,  the 
weight  and  fall  of  a  ram  being  proportionate  to  a  pile,  all  other  ele- 
ments, except  that  of  penetration,  are  rendered  of  no  consideration,  as 
elements  of  the  computation  of  effect;  and  particularly  when  so  great 
a  factor  of  safety  as  the  varied  conditions  under  which  a  pile  is  driven 
requires,  and  which  is  given  by  various  authors  of  formulas  as  ranging 
from  0.083  to  0.33,  omitting  "Weisbach's  extreme  of  t^-q. 

In  the  following  treatment  of  the  subject,  a  pile  is  considered  as 
driven  to  a  final  depression  of  0.5  in.  or  less,  with  a  level  and  sound 
head,  as  far  as  the  operation  renders  it  practicable;  and  when  the 
weight  of  the  superstructure  to  be  sustained  requires  the  number  of 
piles  to  be  increased  proportionately  thereto,  this  increase  objection- 
ably involves  the  necessity  of  placing  them  at  less  than  a  proper  dis- 
tance apart,  for  when  they  are  driven  close  in  a  moist  or  clayey  soil, 
the  last  one  driven  will,  by  the  lateral  compression,  cause  the  adjoin- 
ing ones  to  rise. 

In  the  formulas  of  Major  Saunders,  U.  S.  A.,  Molesworth,  Weis- 
bach,  Mason,  Trautwine,  Nystrom,  Wellington  and  the  "Dutch,"  the 
final  depression  or  penetration,  either  in  inches,  feet  or  pro  rata,  is 
given  as  a  divisor.  Hence,  assuming  that  the  impact  of  a  ram  in  a 
given  case  is  100  000  lbs.,  and  the  depression  is  0.5  in.,  100  000  -^  0.5 
=  200  000  lbs.,  and  if  it  is  0.25  in.,  100  000  —  0.25  =  400  000 lbs. ;  and 
in  like  manner  to  infinity  or  positive  refusal;  and  yet  the  impact  would 
not  have  increased,  as  the  effect  of  the  blows  is  not  cumulative.  The 
resistance  of  a  pile  is  not  measured  by  a  summation  of  the  several 
impacts  it  has  received  by  the  fall  of  the  ram,  or  by  the  vro  rata  of  its 
depression  per  number  of  blows,  as  by  the  "  Dutch  "  formula.  When 
a  street  paver  depresses  a  stone  1  in.  with  his  rammer,  and  0.5  in.  at  a 
succeeding  blow,  he  has  not  correspondingly  increased  the  force  or 
effect  of  it,  neither  are  the  blows  of  a  carpenter  in  driving  a  bolt 
cumulative,  for  only  the  last  blow  gives  the  measure  of  the  impact  on 
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it.  Hence,  the  effect  of  the  blow  of  a  ram,  however  apparent  to  obser- 
vation, is  lost  to  consideration  when  the  one  that  follows  it  occurs,  as 
the  measure  of  the  last  is  the  measure  of  the  resistance  the  pile  offers, 
and  that  resistance  is  the  single  sustaining  stress  or  weight  that  the 
pile  will  bear. 

The  matter,  then,  is  not  how  the  resistance  of  a  pile  is  obtained,  not 
what  the  weight  of  it,  not  what  its  inertia  or  the  effect  of  its  cushion- 
ing, but  what  was  the  power  required  to  drive  it  to  its  final  depres- 
sion, or  what  is  the  measure  of  its  resistance  to  stress  or  to  sustaining 
a  weight? 

Illustration  of  the  Several  Formulas  Referred  To. 

Assume  rams  having  weights  of  1  000  and  of  2  000  lbs.,  falling, 
respectively,  20  and  25  ft.,  which  are  taken  as  exponents  of  ordinary 
practice.  Mean  section  of  pile,  100  sq.  ins. ;  weight,  1  000  lbs. ;  sur- 
face, 130  sq.  ft.;  length,  35  ft.;  and  penetration  under  last  blow,  0.5 
in.  =  0.043  ft, 

(1)  Major  Saunders. ~ —  =  W. 

R  representing  weight  of  ram  and  W  safe  load,  both  in  pounds; 
h  =  height  of  fall,  and  d  =  depression  of  last  blow,  both  in  feet. 


(■2)  BaMne.         I  (i^E») 


.  4  El  s1  d2        2  E  s  d       T 

+     fi  r~ =  L- 


E=  modulus  of  elasticity,  s  =  section  of  pile  in  square  inches, 
/  =  length  of  pile  in  feet,  and  L  =  dead  load  without  further  depres- 
sion.    Other  symbols  as  preceding.     Factors  of  safety,  5  to  1. 

This  formula  embraces  modulus  of  elasticity,  length  and  sectional 
area  of  piles,  all  of  which,  for  the  causes  here  given,  are  held  to  be  an 
unnecessary  complication  and  of  no  practical  value. 

A  Second  Formula  by  Rankine.  A  1  000  =  L  at  refusal  of  pile;  and 
when  not,  A  200  =  L;  or  a  factor  of  safety  of  5. 

A  =  mean  area  of  section  of  pile  in  square  inches,  and  L  =  load  in 

pounds. 

WE 

.  (3)  Molesworih.      ^  ~   =  L. 

W  =  weight  of  ram,  and  L  =  safe  load,  both  in  hundredweights. 

H  =  height  of  fall,  and  D  =  set  of  pile  by  last  blow,  both  in  inches. 

W1  h 
(4)    Mason.       ■-, .  TTr  , — r  =  extreme  load. 

S  (  W  -f  p) 
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S  =  depression  by  last  blow,  in  feet;  p  =  weight  of  pile  in  pounds; 
other  symbols  as  preceding.     Factors  of  safety,  10  to  4. 
V  hW  0.023 


(5)    Trait  twine. 


X   2  240  =  extreme  load,     s  =  de- 


»  +  l 

pression  by  last    blow  in  inches;    other  symbols  as  preceding.     Fac- 
tors of  safety,  10  to  2. 

M 3  8 


(6)   Nystrom. 


=  safe  load. 


6  s  (M+  m) 

M=  weight  of  ram,  and  m  =  weight  of  pile,  both  in  pounds.     S  = 
fall  of  ram  and  s  depression,  both  in  inches;  other  symbols  as  preceding. 

2  Wh 

(7)  Wellington. =  extreme  load. 

.s  =  depression  by  last  blow,  in  feet;  other  symbols  as  preceding. 

(8)  McAlpine.     80  ( W+  0.228  s/  F  -  1)  =  X. 

W  =  weight  of  ram,  in  tons ;  F  =  fall  of  ram,  in  feet,  and  X  =  load 
at  refusal.     Factor  of  safety,  0.33. 


TABLE   No.    1. — Recapitulation  of  Results.     Depression  in  all 

Cases,  0.5  in. 


Formulas. 

Factors,  as 

given  by 

the  several 

Authors. 

1  000  Lbs.  Falling  20  Ft. 

2  000  Lbs.  Falling  25  Ft. 

Load. 

Safe  load. 

Load. 

Safe  load. 

1.  Saunders 

2.  Rankine - 

5.  Trautirine 

8 

5  to  1 

5 

8 

10  to  4 

12  to  2 
6 

Pounds. 
476  000 
332  125 
100  000 
480  080 

273  598 

93  218 
166  086 

Pounds. 

59  500 
66  425 

20  000 

60  010 

\      27  360     1 

1      68  399     J 

t       7  768     1 

1      46  609     j 

27  681 

38  387 

27  776 

Pounds. 

1  190  000 
646  246 
200  000 

1  199  520 

861  326 

200  592 
658  434 

Pounds. 

148  750 
129  249 

40  000 

149  940 
J       86  133 
1       21  533 
J       16  716 
1      100  296 

109  739 

95  970 

3 

83  328 

184  934 

61  644 

Mean  of  results. 


250  554 


40  901 


645  131 


87  271 


*  A  mean  by  the  author. 

The  varying  figures  in  the  fourth  and  sixth  columns,  under  safe 
load,  represent  results  as  computed  by  the  formulas  of  different 
authors,  with  their  factors. 

The  following  formulas  were  not  included  in  the  preceding  reca- 
pitulation and  summation  of  results,  as  the  factors  in  the  first  are  held 
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to  be  too  extreme  for  practical  application,  and  the  introduction  in 
the  other,  of  the  average  penetration  per  blow,  per  100  blows  of  the 
ram,  is  not  an  element  of  any  value;  for,  as  before  stated,  the  final 
blow  of  a  ram  is  the  only  one  that  measures  its  effective  value. 

Weisbach. — One  of  Weisbach's  formulas  embraces  elements  similar 
to  those  of  Rankine,  with  a  factor  of  safety  of  10  to  100.     A  second, 

— ; —  — ,-  -fb  +  p)  —  extreme  load, 
s  (w  +p)  ^  v  l' 

w  =  weight  of  ram,  and  p  ==  weight  of  pile,  both  in  lbs. ;  s  =  pene- 
tration by  last  blow,  in  feet  =  0.043;  other  symbols  as  in  the  other 
formulas.     Factors  of  safety,  100  to  10. 

"D"'d'"   (SrV-ir 

B  =  weight  of  ram,  and  M  =  weight  of  pile,  both  in  lbs.  e  = 
average  penetration  per  blow  for  100  blows,  and  h  =  height  of  fall, 
both  in  inches.     Factor  of  safety,  6. 

In  the  "Dutch''  formula,  e  represents  the  average  depression 
of  the  pile  per  blow,  per  100  blows  of  the  ram,  which  is  not  only 
an  element  measurably  impracticable  of  attainment  in  practice,  but 
is  wholly  valueless  and  difficult  of  attainment  except  with  the  heavy 
ram  and  low  fall  practiced  by  the  authors  of  the  formula. 

A  recorded  case  furnishes  the  following  illustration  of  the  formula: 

B   and    M,   respectively,    2  205   and   2  030   lbs.   and  e  =  0.28   in. 

2  2052  X  20  .  1Q^n 

(2  205+2  030)0.28  -  6  =  13  b65  lbs" 

Operating  this  formula  with  the  elements  given  in  the  first  of  the 
preceding  cases,  the  result  would  be  35  715  lbs. 

Factor  of  Safety.  — In.  deciding  upon  the  factor  of  safety  the  follow- 
ing elements  are  to  be  considered: 

The  friction  of  the  guides  of  the  leader  and  of  the  hoisting  line  of 
the  ram  in  the  sheave  and  over  the  drum  (ascertained  by  experiment 
with  a  very  heavy  ram  to  be  0.2  ft.  of  penetration,  but  with  a  light 
ram  it  would  be  materially  more) ;  the  resistance  of  the  atmosphere  to 
the  fall  of  the  ram  and  its  cushioning  on  the  head  of  a  pile  however 
squarely  it  may  be  dressed  off;  the  want  of  verticality,  both  of  the  fall 
of  the  ram,  and  of  the  vertical  plane  of  the  pile  and  its  consequent 
lateral  vibration;  the  inertia  and  frequent  splitting  of  the  pile  on  a 
boulder;  the  vibration,  if  driven  in  a  trench  or  with  a  "follower"; 
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the  condition  of  the  soil,  whether  wet,  moist,  or  dry,  that  is,  if  it  is 
wholly  dry  soil,  if  the  pile  is  embedded  or  partially  exposed  above 
ground  or  water,  or  is  wholly  immersed  in  wet  soil  or  surface  water, 
all  of  which  are  elements  in  the  determination  of  the  factor. 

In  this  connection  is  to  be  considered  the  subsidence  of  the  soil 
around  a  pile  which  has  been  temporarily  arrested  in  its  driving,  the 
effect  of  which,  in  the  course  of  a  few  hours  under  favorable  condi- 
tions of  soil,  has  been  observed  to  approach  to  that  of  the  resistance 
of  a  pile  at  its  last  blow. 

The  following  are  records  of  some  ascertained  sustained  weights  on 
piles:' 

1.  At  the  London  Bridge  over  the  Thames,*  the  -piles  are  reported 
to  sustain  80  tons.  Assuming  them  to  have  been  driven  under  the 
extreme  condition  of  a  ram  of  1  500  lbs.  falling  20  ft. ,  their  sustaining 
power  in  excess  of  that  given  by  the  formula  W  y  2  g  h  would  be 
23.94  tons,  and  80  +  23.94  =  3.33  to  1. 

2.  A  pile  driven  with  a  ram  of  2  000  lbs.  falling  5  ft.  supported  47 
tons,  an  excess  over  the  formula  of  16  ~  47  =  31  tons;  and  47  —  16  = 
2.93  to  1. 

3.  A  ram  of  1  700  lbs.  falling  16  ft.  supported  70  tons,  or  an  excess 
of  24.3  ~  70  =  48.7  tons,  or  as  2.88  to  1. 

4.  A  test  pile  by  the  United  States  Government,  driven  by  a  ram 
of  910  lbs.  falling  5  ft.  with  a  depression  of  0.375  in.  under  the  final 
blow,  supported  26.6  tons,  or  an  excess  of  7.28  ~  26.6  =  19.32  tons,  or 
3.65  to  1. 

The  average  of  results  for  safe  loads,  deduced  by  the  several  for- 
mulas given  are,  for  a  ram  of  1  000  lbs.  falling  as  given,  40  901  lbs. ;  a 
result  2.04  times  greater  than  that  given  by  the  formula  of  an  author 
of  highest  recognized  ability,  and  1.46  times  less  than  by  another 
author  of  similar  standing.  For  a  ram  of  2  000  lbs.  falling  as  given, 
the  average  is  87  271  lbs.;  a  result  2.182  times  greater  than  that 
given  by  the  first  author  referred  to,  and  1.35  times  greater  than 
that  given  by  the  other. 

In  view  of  this  variance,  the  author  essayed  to  ascertain  the  differ- 
ence between  the  results  by  the  formula,  or  foot  pounds,  and  the  actual 
vis  viva  of  a  falling  body;  and  although  the  experiments  were  necessa- 
rily on  a  very  limited  scale,  the  following  resiilts  were  obtained: 
*  "  Trautwine's  Engineer's  Pocket-Book,"  pp.  643-644. 
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Weight. 

Fall. 

Velocity. 

Impact. 

Ratio  of 
Impact  to  Velocity. 

1.. 

Pounds. 

Feet. 
1 

1.5 
2 

Feet. 

8 

9.5 
11.81 

Pounds. 
32 
42 
52 

4.0 

1 

4.3 

1 

4.6 

Reviewing  these  and  the  various  other  elements  submitted,  it 
appeal's  that  all  the  formulas  here  illustrated,  for  piles  driven  under 
the  usual  requirements  of  practice,  as  to  weight  of  ram,  height  of  fall, 
character  of  soil  aud  final  depression,  are  but  arbitrary,  with  factors  of 
safety  having  the  wide  range  of  three-tenths  to  one-twelfth.  They 
present  even  the  varied  conditions  of  the  weight  multiplied  by  the 
height,  by  its  square,  and  also  by  its  cube,  while  that  of  Wellington 
presents  the  exceptional  condition  of  the  weight  being  multiplied  by 
twice  the  height  of  the  fall;  all  of  them  being  at  variance  with  the 
accepted  rule,  that  the  velocity  of  the  weight  and  its  resultant  impact 
is  as  y  2  g  h.  Hence,  for  heights  of  fall  of  16,  25  and  36  ft.,  the 
product  of  the  Wellington  formula  would  be  as  32,  50  and  72  ft.,  while 
the  velocity  of  impact  would  be  as  32,  40  and  48  ft. 

Further,  that  the  impact  or  vis  viva  of  a  body  falling  freely,  as  de- 
termined by  the  experiments  here  referred  to,  exceeds  four  times  that 
given  by  the  formula  for  its  final  velocity,  which  result  is  verified  by 
the  illustrations  given  of  the  actual  support  of  piles  noted,  to  which 
should  be  added  an  estimate  of  the  frictional  loss  of  the  ram  in  opera- 
tion. 

Reviewing  the  elements  presented,  the  following  formula  is  sub. 


.u    .   4//'V2<7^  4w8  V/>, 

matted : ^ — ,   or 


safe  load  in  pounds. 


F  F 

w  =  weight  of  ram  in  pounds,  and  h  =  height  of  fall  in  feet. 

F,  or  the  factor  of  safety,  in  consideration  of  the  several  losses  of 
effect  recited,  and  especially  that  of  the  brooming  of  the  head  of  a 
pile,  and  the  driving  of  piles  in  trenches  or  with  a  "follower,"  is 
assumed  at  from  3  to  6,  according  to  the  nature  and  condition  of  the 
soil,  the  character  of  the  piles  and  the  integrity  of  their  driving. 

Applying  the  formula  to  elements  similar  to  those  given  for  the 
several  formulas  recited,  the  results  would  be,  for  the  illustration  of  a 
ram  of  1  000  lbs.  falling  20  ft.,  with  a  factor  of  3: 
4  x  1  000  x  8  -/20 


3 


=  L; 
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and  for  the  ram  of  2  000  lbs.  falling  25  ft. ,  eliminating  the  numerator 

4,  and  correspondingly  reducing  the  divisors,  3  to  6,  to  0.75  and  1.5, 

the  operation  is  simplified,  thus: 

1000x8-/ 20      A„„Mn            ,2  000x8-1/25       inA  aRR  ,, 
— ^-== — =  47  701  lbs.,  and ^-^ — =  106  666  lbs. ; 

and  with  a  factor  which  is  a  mean  between  0.75  and  1.5  =  1.125,  the 
results  would  be,  respectively,  31  801  and  94  814  lbs.,  results  in  ac- 
cordance with  the  observation  of  an  exceptionally  extensive  and  varied 
experience  in  the  operation  under  consideration. 

In  further  support  of  the  formula  submitted,  the  following  is  pre- 
sented : 

First. — That  at  the  London  Bridge,  the  sustaining  capacity  of  the 
piles  is  reported  to  be  3.33  times  the  weight  deduced  by  the  ordinary 
formula  for  the  impact  of  a  falling  body;  in  other  cases  to  have  been 
2.93  and  2.88  times,  and  in  a  test  case  by  the  United  States  Govern- 
ment to  have  been  3.65  times,  giving  a  mean  of  3.1975;  to  all  of  which 
is  to  be  added  the  greater  or  less  losses  of  effect  of  the  ram  in  falling, 
as  herewith  detailed. 

Second. — That  the  test  pile  previously  cited,  which  was  driven  and 
observed  by  officers  of  the  United  States  Government,  the  ram  weigh- 
ing 910  lbs.,  the  fall  being  5  ft.,  and  the  depression  of  the  pile  at  the 
final  blow  being  0.375  in.,  sustained  a  stress  of  26.6  tons;  that  the  sus- 
taining power  of  the  pile,  deduced  by  the  ordinary  formula  for  the 
velocity  of  a  falling  body,  would  be  910  xV  2ff7i  =  16457  lbs.  = 
7.34  tons;  and  that  these  results  of  7.34  and  26.6  are  as  1  to  3.62,  ap- 
proximating closely  to  the  4  assumed  in  the  formula  presented. 

Third. — That  piles  driven  to  sustain  the  vibratory  stress  of  a  bridge 
under  a  hammer  of  1  200  lbs.,  falling  20  ft.,  with  a  penetration  of  0.75 
in.,  enduringly  sustained  18  tons  each,  and  by  the  formula  the  result 
is  17  tons. 

Regarding  the  distance  from  centers  at  which  piles  should  be  driven; 
in  sand  or  small  gravel,  this  may  be  2  ft.,  but  for  saturated  sand  and 
earth,  or  in  silt,  a  greater  distance  is  required,  as  small  piles  are  liable 
to  be  disturbed  in  their  position  by  the  driving  of  a  larger  one  adjoin- 
ing them,  and  in  some  practice,  in  determining  the  capacity  of  a  range 
of  piles,  it  is  proper  to  reduce  the  result  obtained  by  the  formula,  to 
meet  incidental  conditions,  such  as  negligence  in  driving,  or  in  super- 
intendence, the  frequent  and  unobserved  splitting  or  crushing  of  a  pile 
on  a  stone  or  boulder. 
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The  deductions  and  opinions  here  given  are  the  result  of  observations 
of  a  very  varied  and  extensive  experience  in  pile-driving,  in  every 
variety  of  soil,  encountering  quicksand,  boulders,  submerged  crib- 
work,  stone  filling,  in  water,  and  under  the  embarrassing  conditions 
met  in  a  trench,  when  the  hammer  was  necessarily  arrested  many  feet 
above  the  designed  level  of  bearing  of  the  piles,  and  for  structures 
of  various  capacities  and  heights,  some  attaining  twelve  stories;  and 
whenever  practicable,  a  bench-mark  was  established  and  ultimate 
results  observed. 

Tenacity  of  Piles. — The  effects  of  the  tenacity  were  illustrated  at 
Cuxhaven,  England,  with  a  fir  pile,  1  ft.  in  diameter  at  the  head,  driven 
15.7  ft.  in  fine  and  drifting  dry  sand;  and  which,  at  the  termination  of 
23  days,  required  a  power  of  17  472  lbs.  (7.8  tons)  to  withdraw  it;  also 
one  of  17  ins.  diameter,  driven  to  a  like  depth,  at  the  termination  of  20 
years,  required  a  power  of  57  120  lbs.  (25.5  tons),  and  at  50  years,  98  000 
lbs.  (43.75  tons),  to  remove  it. 

Friction  of  Pine  Sheet  Piles  in  Clay. — The  removal  of  a  coffer-dam 
after  5  years'  existence  furnishes  the  following  elements: 

Piles  of  Memel  fir,  12.5  ins.  square,  length  40  ft.,  driven  to  an 
average  depth  of  18.25  ft.,  the  average  superficial  area  in  the  soil  being 
76  sq.  ft. ,  the  net  resistance,  after  deducting  the  weight  of  the  piles,  etc. , 
was  71  277  lbs.,  giving  a  coefficient  or  factor  of  93.8  lbs.  per  square  foot 
for  the  bearing  of  the  clay  on  the  inner  and  outer  surface  of  the  piles. 
Follower.—  Whenever  a  follower  is  used,  however  short  it  may  be, 
the  factor  of  safety  should  be  increased;  and  when  piles  are  driven  in 
trenches  below  the  driver  and  their  final  depression  below  the  drop 
of  the  ram  is  so  much  as  to  involve  the  use  of  a  long  follower,  the 
extreme  factor  should  be  used;  and  with  piles  of  spruce  or  like  wood, 
their  heads  should  be  ringed  as  soon  as  their  penetration  becomes 
difficult. 

Brooming.— The  result  of  brooming  the  head  of  a  pile,  in  conse- 
quence of  its  resistance,  as  determined  by  experiment,  was  to  increase 
the  number  of  blows  of  a  ram  compared  with  a  sound  head  from  1  to 
1.49. 

Sheet  Piling.— Sheet  piling  would  be  much  more  effective,  either 
in  water  or  wet  soil,  if  constructed  of  two  or  more  thicknesses  of 
timber  laid  together  and  lap  broken  for  half  the  width  of  a  piece  if 
•two  are  used  and  one-third  the  width  if  three  are  used,  and  fastened 
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with  locust,  or  iron  blunt  bolts,  the  number  of  which  and  their  dis- 
tances apart  being  determined  by  the  stress  of  the  driving.  The  off 
edge  of  the  foot  of  the  pile  should  be  cut  or  tapered  to  an  extent  which 
will  tend  to  lead  and  retain  it  close  to  the  adjoining  pile. 

Notes  Deduced  from  Operations  of  Various  Authors  on  Piling. — In  wet 
sand,  silt,  or  any  light  soil,  piles  should  be  driven  rapidly,  otherwise 
the  subsidence  of  the  material  in  which  they  are  driven  will  furnish 
increased  resistance. 

In  strong  or  stony  soil,  a  heavy  ram  with  a  low  fall  is  better  than 
a  light  ram  and  a  high  fall.  If  the  soil  is  very  strong  with  stone,  the 
piles  should  be  shod. 

Inasmuch  as  a  stratum  of  light  or  wet  earth  may  exist  below  a 
heavy  one,  before  commencing  piling  upon  a  new  soil,  in  order  to  be 
assured,  not  only  of  its  consistency,  but  also  of  the  depth  of  such  con- 
dition, a  test  pile  of  small  diameter  should  be  driven  to  as  great  a  depth 
as  practicable. 

The  support  of  compressed  sand  is  estimated  at  85  lbs.  per  square 
foot,  and  the  friction  on  the  surface  of  a  pile  at  614  lbs.  per  square 
foot. 

Finally,  in  a  recent  case,  in  consequence  of  the  foundation  of  a 
building  of  eleven  stories  being  7  ft.  below  that  of  two  exceptionally 
heavy  adjacent  structures  of  ten  stories  each,  the  walls  of  which  were 
laid  on  a  concrete  bed  over  wet  sand,  piling  vas  necessarily  arrested 
at  distances  of  7  ft.  from  these  adjoining  walls,  and  the  spaces 
bridged  with  plate-iron  cantilever  beams.  The  result,  as  verified  by 
bench-marks,  has  proved  the  sufficiency  of  the  piling  under  the  con- 
centrated stress  over  the  voids,  which  was  spaced  and  driven  in  accord- 
ance with  the  formula  here  submitted. 
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Some  months  ago  the  author  had  occasion  to  figure  the  volume  of 
masonry  in  the  elliptical  groined  arch  roof  covering  the  sand  filter 
then  under  construction  by  William  Wheeler,  M.  Am.  Soc.  C.  E.,  for 
the  Somersworth,  N.  H.,  Water-Works  (see  Plate  VI,  Fig.  1),  and  de- 
duced therefor  a  series  of  formulas  giving  the  volume  of  masonry  in 
its  cylindrical,  cloistered  and  groined  elliptical  arches.  These  form- 
ulas, which  have  been  considerably  amplified,  and  to  which  have  been 
added  a  sketch  of  the  development  of  the  groined  arch,  a  comparison 
of  the  relative  volume  of  masonry  in  the  several  types  of  arches,  and 
a  brief  description  of  a  method  for  computing  the  strength  of  the 
groined  arch,  form  the  basis  of  this  paper. 

The  results  thus  far  obtained  by  the  author  are  presented  at  this 

time,  not  with  the  idea  that  they  are  in  any  sense  complete,  but  in  the 

hope  that  they  may  be  of  some  service  to  engineers,  and  that  they 

Note.— These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published  in  a 
subsequent  number  of  Proceedings,  and,  when  finally  closed,  the  papers  with  discussion 
in  full  will  be  published  in  Transactions. 
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may,  perhaps,  suggest  to  others  new  methods  of  analysis  which  may 
lead  to  the  deduction  of  general  formulas,  now  entirely  wanting,  for 
the  dimensioning  and  comparison  of  the  different  types  of  arches. 

Among  the  most  common  forms  of  masonry  roofs  in  use  are  the 
following:  First,  the  dome  or  spherical  arch;  second,  the  cloistered 
arch;  third,  the  cylindrical  arch,  and  fourth,  the  groined  arch — all  still 
further  subdivided,  according  to  the  form  of  the  generating  curve 
into  semi-circular,  elliptical,  segmental,  parabolic,  pointed  or  Gothic! 
multi- centered  and  various  other  forms. 

Of  these  four  general  types  of  arches,  the  dome  and  the  cylindri- 
cal or  barrel  arch  are  too  well  known  to  require  description.  The 
cloistered  and  the  groined  arch,  however,  should  be  carefully  distin- 
guished, the  essential  difference  being  that  in  the  cloistered  arch  the 
vaulting  springs  from  a  series  of  springing  lines  and  meets  at  the 
crown  in  a  common  point,  the  several  vault  intersections  or  arrises 
forming  re-entrant  angles  in  the  masonry;  whereas,  in  the  groined 
arch,  the  vaulting  springs  from  a  series  of  springing  points  or  pillars 
and  meets  at  the  crown  in  a  series  of  intersecting  lines  (see  Figs.  1  and 
2  and  photographs  of  Somersworth,  N.  H. ,  and  Ashland,  Wis.,  filter 
plants.  Plate  VI),  the  several  vault  intersections  or  arrises  forming 
so-called  groins  or  ribs,  convex  angles  in  the  masonry. 

It  will  thus  be  seen  that  the  groined  arch,  even  more  than  the 
dome,  gives,  naturally,  effects  of  great  spaciousness,  simplicity  and 
stability  of  form,  well  adapted  to  use  in  such  engineering  structures 
as  covered  reservoirs,  etc.,  in  which  economy  and  stability  of  construc- 
tion, and  air  space  for  convenience  in  operation  and  ventilation,  are 
prime  requisites,  and  in  which  the  presence  of  supporting  pillars  is  no 
serious  objection. 

The  history  of  the  groined  and  the  cloistered  arch  is  coeval  with 
the  development  of  the  early  ecclesiastical  structures,  and  is  of  remote 
origin,  probably  dating  back  to  the  time  of  Roman  supremacy;  for 
"with  the  rise  of  Eoman  power,  we  find  arched  or  vaulted  types  of 
masonry  construction  supplanting  the  post  and  lintel  form  of  the  early 
Grecians,  and  passing  subsequently  through  many  modifications, 
tending  always  toward  greater  ornamentation  and  splendor. 

Necessity  was  probably  the  occasion  of  the  invention  of  the  groined 
arch,  for  the  earliest  custom  of  the  Romans,  when  building  two  inter- 
secting arches,  was  to  raise  one  arch  above  the  other,  in  order  to  avoid 
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their  intersection,  and  the  consequent  formation  of  groins,  a  clumsy 
though  satisfactory  method  where  practicable.  But  situations  soon 
arose  in  which  this  method  was  impracticable  on  account  of  lack  of 
head  room,  and  the  groined  arch  was  the  inevitable  result.  Moreover, 
a  common  form  of  arrangement  of  columns  and  roof  in  the  early  public 
buildings  of  the  Romans  was,  according  to  Choisy,  that  of  a  large 
central  vaulted  hall  or  church,  flanked  on  either  side  by  secondary 
vaulted  chambers,  which  necessitated  the  use  of  groined  arches. 

The  origin  of  the  groined  arch  has  thus  been  traced  back  to  the 
second  or  third  century  of  the  Christian  era,  and  many  striking  ex- 
amples of  its  magnitude  are  known.  Russell  Sturgis,  in  his  "Euro- 
pean Architecture,"  and  Auguste  Choisy,  in  his  admirable  and 
comprehensive  work  on  "  L'Art  de  Batir  chez  les  Roruains,"  describe 
them  at  length,  citing  the  great  Tepidarium  or  Baths  of  Caracalla, 
built  at  Rome  in  215  A.  D.,  of  82  ft.  span;  the  Baths  of  Diocletian  at 
Rome,  built  in  290  A.  D.  and  restored  by  Michael  Angelo  in  the  sixteenth 
century,  and  the  Basilica  of  Maxentius  and  Constantine,  of  86  ft.  span, 
portions  of  which  are  still  standing  near  the  Forum  at  Rome.  Yet, 
while  these  massive  ancient  structures,  with  all  their  difficulties  of 
erection  and  construction,  excite  our  interest  and  wonder,  they  could 
scarcely  be  cited  as  models  of  economical  construction. 

The  first  groined  arches  were  characterized  by  their  simplicity,  the 
vaulting — generally  semi-circular — being  unornamented;  the  groins 
merely  sharp  arrises.  Later,  they  furnished  the  chief  decoration  of 
the  edifices  in  which  they  were  built,  and  were  richly  carved  and 
ornamented.  "With  the  increasing  demand  for  greater  unobstructed 
space  and  more  striking  architectural  effects  in  the  large  baths  and 
halls,  the  dimensions  of  the  vaulting  grew,  as  did  the  difficulty  of 
adequately  centering  the  structure  for  construction.  This,  the  grow- 
ing tendency  to  ornamentation  of  the  groins  and  the  introduction  of 
the  Gothic  arch,  probably  suggested  the  use  of  ribs  to  re-enforce  the 
groins  or  arrises,  which  ribs  thus  divided  the  vaults  into  sections  and 
permitted  the  reduction  of  the  thickness  of  the  vaulting  between  them 
and  the  discarding  of  a  portion  of  the  heavy  centering. 

These  ribs  were  at  first  very  simple  in  section,  being  generally 
broad  and  thin,  with  rectangular  off-sets,  much  as  the  architrave  of  a 
door;  and,  even  up  to  the  twelfth  century,  according  to  Gwilt,  "  were 
seldom  moulded  with  more  than  a  simple  torus  or  some  fillets."     The 
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ribs  sprung  from  the  square  piers  supporting  the  four  corners  of  the 
vaulted  roof,  the  groins  corresponding  to  the  diagonals  of  the  vault; 
but  in  the  thirteenth,  fourteenth  and  fifteenth  centuries,  the  section 
of  the  supporting  columns,  the  form  of  groining  and  number  of  ribs, 
grew  more  complex,  and  in  following  the  changes  and  multiplication 
of  the  number  of  ribs  we  may  trace  the  evolution  of  the  fan-shaped, 
the  star  and  the  many  other  forms  of  groining  developed  during  those 
centuries,  described  at  length  and  fully  illustrated  in  Dr.  G.  U.  Brey- 
mann's  "Bau  Constructions  Lehre,"  page  151;  in  Auguste  Choisy's 
"L'Art  de  Batir  ehez  les  Rornains,"*  and  in  Ware's  "Tracts  on 
Vaults  and  Bridges." 

It  might  be  noted,  in  concluding  this  brief  outline  of  the  early 
development  of  the  groined  arch,  that  the  materials  for  the  vaulting- 
used  by  the  Bomans  were  stone  or  brick,  backed  with  concrete  or 
rubble,  and  the  ribs  were  generally  built  of  the  same  material,  some- 
times specially  moulded,  the  rib  joints,  particularly  in  the  smaller 
ribs,  being  laid  either  in  cement  mortar  or  with  sheet  lead,  to  dis- 
tribute the  pressure  more  uniformly  over  the  joint.  In  later  days 
wood  and  iron  came  to  be  used  in  place  of  masonry  as  the  building 
material. 

Turning  now  to  a  consideration  of  the  adaptability  of  the  groined 
arch  as  a  roof  covering  for  large  reservoirs,  sand  filter  beds  or  similar 
structures  in  which  large  spans  are  not  required  nor  piers  objection- 
able, the  following  points  of  advantage  may  be  claimed  for  it  in  com- 
parison with  the  cylindrical,  the  cloistered  and  the  spherical  or 
domed  arch. 

First.  —  Greater  air  space  or  spaciousness  under  the  vaulting,  which 
tends  toward  better  circulation  of  air  and  consequent  aeration  of  the 
Avater,  and  which,  in  the  case  of  sand  filter  beds,  gives  more  room  for 
scraping  and  renewing  the  surface  of  the  beds. 

Second. — Economy  of  material. 

Third. — Absence  of  necessity  for  lintel  arches. 

Fourth. — Equal  or  greater  adaptability  to  lighting,  ventilation  and 
access  from  above. 

Fifth. — Ease   of  construction  and  equal  adaptability  to  concrete 

construction,  except  as  compared  with  the  cylindrical  arch,  for  which 

*  Illustrations  from  Choisy's  work  are  also  to  be  found  in  a  short  paper  on  "  Roman 
Construction,"  by  G  W.  Perry,  published,  since  the  preparation  of  this  paper,  in  the 
Journal  of  the  Association  of  Engineering  Societies,  October,  1898,  Vol.  xxi,  No.  4. 
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the  centers  can  be  somewhat  more  easily  and  cheaply  built,  though 
the  necessity  for  centering  for  the  lintel  arches  in  the  latter  would 
perhaps  off-set  this  advantage  of  the  cylindrical  arch. 

The  groined  arch  is,  of  course,  best  adapted  to  roofing  square  or 
rectangular  areas,  for  though  circular  areas  can  be  covered  in  this 
way,  the  greater  difficulty  of  forming  the  arch  centers  for  the  latter  is 
apparent,  as  they  have  to  be  cut  around  the  pelvimeter  of  the  chamber 
on  a  spiral  or  other  curve  formed  by  the  intersection  of  the  rooling 
and  the  side  walls. 

The  superiority  of  the  groined  arch,  as  compared  with  other  types 
of  arches  in  the  above-mentioned  respects,  needs  no  demonstration, 
except  as  to  the  economy  of  material,  which  involves  two  considera- 
tions: First,  the  method  of  computing  the  amount  of  masonry  in  any 
system  of  vaulting;  and  second,  the  strength  of  that  vaulting,  which 
will  now  be  discussed. 

Assume,  for  purposes  of  illustration,  a  given  square  or  rectan- 
gular filter,  area  which  is  to  be  roofed  over  with  a  system  of  groined 
arches,  as  shown  in  Fig.  3,  built  of  concrete,  of  which  the  amount  is 
to  be  computed.  It  will  be  noticed  that  this  roof  is  made  up,  first,  of 
a  series  of  groined  arch  units  _D  E F  G  (or  N  0  Q  E,  which  is  equivalent 
to  it),  of  span  equal  to  the  distance  in  the  clear  between  piers,  and 
each  supported  by  one  pier,  as  HIJK;  second,  of  a  cloistered  arch  of 
span  2  B  G  and  2  A  B,  made  up  of  the  four  corners  of  the  area,  each 
corresponding  to  ABC  I),  joined  together,  and  third,  of  half  of  a 
cylindrical  arch  extending  around  the  entire  area,  springing  from  the 
retaining  wall  and  ending  at  the  crown  of  the  vault  between  said  re- 
taining wall  and  the  first  line  of  piers,  of  length  2  C  W  and  2  A  V, 
respectively.  The  roof  vaulting  thus  springs  from  and  is  supported 
by  the  side  walls  and  piers,  and  forms  crown  lines  parallel  to  and  lying 
between  the  several  rows  of  piers,  and  the  piers  and  side  walls,  in  both 
directions. 

Let  us  take  up,  therefore,  in  turn,  the  computation  of  these  units 
— the  groined  arch  unit,  the  cloistered  arch  unit,  and  the  cylindrical 
arch  unit. 

In  considering  the  easiest  method  of  computing  the  masonry  in 
these  units  it  has  seemed  to  the  author — in  view  of  the  different  mate- 
rials of  construction  used,  whether  one  or  several  kinds  together,  as 
brick  or  concrete,  or  both,  and  the  diverse  forms  of  extrados  used, 
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often  regardless  of  the  materials  of  construction,  according  to  which 
the  extrados  in  ay  conform  to  the  soffit  or  be  parallel  to  it,  may  be 
a  horizontal  plane  surface  passing  through  the  crown,  an  inverted 
pyramid  over  the  piers,  or  any  other  surface  suiting  the  particular 
circumstances  or  the  preference  of  the  designer — that  the  simplest 
method  was  to  compute  the  volume  of  masonry  as  that  of  a  circum- 
scribed prism  from  which  has  been  deducted  the  volume  of  the  air 
space  between  it  (said  circumscribed  prism)  and  the  enclosed  masonry. 
This  method  has,  therefore,  been  adopted,  and  in  Table  No.  1  will  be 
found  the  values  now  to  be  deduced  for  the  volume  of  the  air  space 
between  the  horizontal  plane  of  the  springing  lines  and  the  soffit  of 
various  unit-types  of  vaulting,  by  the  aid  of  which,  in  the  manner 
above  described,  the  volume  of  masonry  may  be  computed. 

The  Groined  Arch  Unit. 

The  groined  arch  unit  of  masonry  may  be  defined,  for  the  purposes 
of  this  discussion,  as  the  masonry  in  a  system  of  groined  arch  vaulting 
supported  by  one  pier  and  contained  within  the  four  vertical  planes 
passing  through  the  central  axes  and  crowns  of  the  arches  springing 
therefrom.  This  unit,  shown  in  Fig.  4,  is  equivalent  to  the  unit  (Fig.  5) 
contained  within  four  vertical  planes  passing  through  the  centers  of 
four  adjacent  piers,  and  becomes  identical  with  it  if  the  several  parts 
of  the  latter  be  but  rearranged. 

TJie  Segmental  Groined  Arch  Unit. — Let  us  consider  first  the  general 
case  of  the  (circular)  segmental  groined  arch  unit — the  semi-circular 
groined  arch  unit  being  but  the  particular  case  in  which  the  rise  of  the 
arch  is  equal  to  half  the  span — and 
Let   a  =  half  the  span  of  the  arch; 
b  =  rise  of  the  arch ; 
r  =  radius  of  the  arch; 
d  =  diameter  of  semi-circular  arch; 
m  =  length  of  supporting  piers; 
n  =  width  of  supporting  pier; 

w  =  width  or  length  of  pier  if  the  latter  be  square; 
t  =  thickness  of  masonry  at  crown. 
Eeferring  to  Fig.  4,  the  volume  of  air  space  between  the  plane  of 
the  springing  lines  of  the  soffit   and  of  the  vaulting  is  equal  to  eight 
times  the  volume  of  the  "|-unit"  air  space,  so-called  [being  that  seg- 
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ment  of  a  cylinder  underlying  the  portion  of  the  vaulting  shown  in 
plan  by  J  EL  (Fig.  3),  enclosed  by  a  horizontal  plane  passing  through 
the  springing  line,  by  the  soffit  of  the  arch  and  by  three  intersecting 
vertical  planes  passing  through  J  E,  E L  and  LJ],  plus  the  volume 
of  a  segmental  cylindrical  arch  of  span  2  a,  rise  b,  and  length  equal  to 
(m  +  n),  the  width  plus  the  length  of  the  pier. 

The  volume  of  the  -^-unit  air  space  may  be  found  in  the  following 
manner :  Passing  a  vertical  plane,  perpendicular  to  E  L,  through  any 
point  distant  x  from  E  in  the  line  E  L,  it  will  cut  from  the  ^-unit  air 
space  a  quadrilateral  efg  h,  shown  in  Figs.  6  and  7,  of  which  the  line 
e  h  is  the  segment  of  a  circle,  and  the  area  of  which  is  indicated  by  the 
expression : 

/     fy/r2—  x*  —  y  r2  —  a2  \  d  x (1) 

=  -f-     yr-  —  .f2+Y     sin~'  -7  —  xVr2  —  a2 (2) 

as  may  be  readily  deduced  from  Figs.  6,  7  and  8. 

The  volume  of  air  space  underlying  a  |-unit  of  the  (circular)  seg- 
mental groined  arch  is  therefore  found  by  integrating  the  above  ex- 
pression (2)  between  the  limits  of  a  and  0,  thus: 


fa  /  x       r'  x  \ 

j  o  (^  2  Vr2  -  x^  +  ~2    sin        T  ~x  ^r~  ~  a°~ ) 


<!,>■ 


">\S  1  — 1  "i 

+  -5-       Hm       ——^ (3) 


3  '     2  r 

[r  —  b)         rs      ar*      .    _1  a 


3      ~T+  T   sin    7- (4) 

The  volume  of  the  segmental  cylindrical  arch,  of  span  2  a,  rise  b,  and 
length  (m  -f  «.)  is  derived  similarly  to  (1),  and  is  indicated  by  the 
expression : 

(m  -f  n)   /        (  v"V2  — -  x2  —  v"  r2  —  a2  )  dx 
=  (w  +  n)  (r2  sin  -1 a  Wr2  —  a2) (5) 


or 


=  (m  -f-  n)        r°-  sin     l—  —  a  (r  —  6)     (6) 

hence,  the  total  volume  of  air  space  of  the  (circular)  segmental  groined 
arch  unit  between  the  plane  of  springing  lines  and  soffit  of  arch  is  equal 

to  8  x  (4)  plus  (5)  or  (6). 

8  S  n 

=  —  (r  —  b)s  —  —  r5  -f-  (4  a  +  m  +  n)  r1  sin-1  —  —  '/  (m  -f  n) 

(r-b) (7) 


298  METCALF   ON   THE   GROINED    ARCH.  [Papers. 


If  the  pier  is  square  and  m  =  n  =  w,  (7)  becomes, 

|  (r  —  bf  —  ^-  -f  2  r2  (2  a  +  w)  sin"1  -  —  2  a  u>  (r  —  I 
If  the  pier  area  becomes  equal  to  0,  i.  e.,  a  point,  (7)  becomes, 


-  (r  -  6)'* —  +  4  ar2  sin   '  -   9 

o  o  v 

With  the  aid  of  the  above  formulas  the  volume  of  the  (circular) 
segmental  groined  arch  unit  may  readily  be  found  when  the  radius, 
span,  rise  and  crown  thickness  of  arch,  dimensions  of  piers  and  form 
of  extrados  are  known.  Thus,  using  the  same  nomenclature  as  before 
(see  page  296),  if  the  spandrel  of  the  arches  be  filled  with  masonry  so  that 
the  extrados  is  a  horizontal  plane  surface  passing  through  the  crown, 
at  which  the  depth  of  masonry  is  equal  to  t,  the  volume  of  masonry  in 
the  (circular)  segmental  groined  arch  unit  becomes, 
(2a  +  m)  (2a  +  n)  (b  +  t)  —  formula  (7) 

=  (2  a  +  m)  (2  a  +  n)  {b  +  l)  —  |  (r  —  bf  +  |rs—  (4  a  +  m  +  n) 

j-sin-1  -  +  a  (r  —  b)   (m  +  n) (10 

or  if  the  pier  is  square  and  m  =  n  =  w, 

(2  a  +  w)2  (&  +  /)_-!  (r  —  6)3  +  |  r">  —  2  r*  (2  a  +  w)  sin"1 
o  o 

^  +  2«,P(r-i) (11) 

or  if  the  pier  area  is  0,  i.  e. ,  a  point, 

4  (>2  {b  4  t)  —  -I-  (r  —  J)3  +  4-  '•'  —  *  «  »-'2  sin  -1  -5L (12) 

o  o  r 

If  the  extrados  filling  be  depressed  over  the  piers  in  the  form  of 
an  inverted  pyramid,  the  volume  of  masonry  would  be  found  by  de- 
ducting from  (10),  (11)  or  (12)  the  volume  of  that  inverted  pyramid. 

Or,  finally,  if  the  extrados  also  is  segmental  in  form,  i.  e.,  is  paral- 
lel to  the  soffit  of  the  vaulting,  the  volume  of  masonry  in  the  (circular) 
segmental  groined  arch  unit  would  be  found  by  deducting  the  vol- 
ume between  the  plane  of  the  springing  lines  and  the  soffit  of  the 
vaulting,  as  determined  by  formulas  (7),  (8)  or  (9),  from  the  volume 
between  the  plane  of  the  springing  lines  and  the  extrados  of  the  vault- 
ing as  determined  by  formulas  (7),  (8)  or  (9),  substituting  therein,  for 
the  values  of  the  radius,  span  and  rise  of  the  soffit  arch,  those  func- 
tions of  the  extrados  arch,  and,  for  the  dimensions  of  piers,  the  new 
values  determined  from  the  section  cut  by  the  extrados  from  the  pier 
at  the  jjlane  of  the  springing  lines. 
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Semi-Circular  Groined  Arch  Unit. — Similar  values  for  the  semi-circu- 
lar groined  arch  unit  may  be  obtained  directly  by  substituting  in  the 
formulas  just  deduced  for  the  (circular)  segmental  groined  arch  the 
value  of  the  semi- span  a  and  rise  b  of  the  arch,  their  equivalent,  the 

radius  of  the  arch  r  or  half  the  diameter,  — ^-,  and  are  to  be  found 
in  Table  No.  1. 

The  Elliptical  Groined  Arch  Unit. — In  deducing  general  formulas 
for  the  computation  of  the  masonry  in  the  elliptical  groined  arch  unit 
of  vaulting,  the  same  general  methods  of  analysis  can  be  used  as  were 
followed  in  the  case  of  the  (circular)  segmental  groined  arch  vaulting, 
the  only  difference  being  that  the  transverse  curve  of  the  arch  varies 

according  to  the  law  of  the  ellipse,  — 2  +  tj  =  1,  instead  of  that  of  the 

circle  y  =  \/  r2  —  x2  —  ■y/  r2  —  a2. 

Referring  to  Figs.  9  and  7,  the  volume  of  air  space  of  the  |-unit 
elliptical  groined  arch  between  the  plane  of  the  springing  lines  and 
the  soffit  of  the  arch  is 

b_    /"«  

"37  /      x  1/  2  a  x  —  x2    ®  x 
«/     o 

=  0.4521  (vh (21)* 

which  is  analogous  to  the  expression  deduced  for  the  semi-circular 
groined  arch  unit  (see  Table  No.  1). 

The  volume  of  the  elliptical  cylinder,  of  span  2  a,  rise  h  and  length 

to  -(-  n>  is 

(to  +  n)     {n  a  b)   ^ 

Hence  the  total  volume  of  air  space  between  the  plane  of  the  springing- 
lines  and  the  soffit  of  the  vaulting  of  an  elliptical  groined  arch  unit  is, 
when  the  pier  area  is  equal  to  to  x  n, 

3.6168  a2  b  +  1.5708  a  b  (to  +  n) (23) 

When  the  pier  is  square, 

=  3.6168  a2  b  +  n  a  b  w (24) 

When  the  pier  is  zero, 

=  3.6168  a2  b (25) 

And  the  volume  of  masonry  in  the  elliptical  groined  arch  unit  the 

extrados  of  which  is  a  horizontal  plane  surface  j>assing  through  the 

*  Formulas  (13)  to  (20),  inclusive,  refer  to  the  semi-circular  groined  arch  unit, 
omitted  here  for  lack  of  space,  but  found  in  condensed  form  in  Table  No.  1. 
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crown  (at  which  point  the  masonry  has  a  depth  or  thickness  equal  to  t) 
is,  when  the  pier  area  is  m  x  n, 

(2a  +  m)  (2a  +  w)  (b  4-  t)  —  3.6168  «2Z>  -  1.5708  a  6  (m-f  n)..  .(26) 

When  the  pier  is  square, 

=  (2  a  +  rcf  (b  +  t)  —  3.6168rr  b—nabw (27) 

"When  the  pier  area  is  zero, 

=  4a2*+  0.3832  a2  b (28) 

Any  difference  in  the  form  of  the  extrados  or  back  of  the  vaulting 
may  be  treated  in  a  manner  precisely  similar  to  that  suggested  for  the 
segmental  groined  arch  vaulting. 

Elliptical  Segmental  Groined  Arch  Unit. — Formulas  have  not  been 
deduced  for  this  form  of  groined  vaulting  on  account  of  the  improb- 
ability of  its  being  used;  for  if  a  segmental  arch  is  required,  the  circular 
form  would  probably  be  used  in  preference  to  the  elliptical.  In  any 
event,  the  deduction  of  formulas  to  cover  this  case  would  be  similar 
to  that  already  outlined  for  the  circular  segmental  groined  arch. 

Parabolic  Groined  Arch  Unit. — The  volume  of  masonry  involved  in 
the  parabolic  groined  arch  unit — that  is,  a  groined  arch  of  which  the 
right  section  through  the  crown  is  a  parabola  with  vertical  axis  and 
vertex  at  the  crown — may  be  computed  in  the  same  way  as  the  circular 
and  elliptical  groined  arch  units;  bearing  in  mind  that  the  equation 

a  v 
of  the  curve  has  to  be  modified  to  fit  the  parabola,  a;  =  — ^  . 

The  parabolic  groined  arch  will  be  found  most  convenient  for  use 
as  an  invert  for  the  floor  of  the  reservoir  or  filter  bed,  on  account  of 
its  similarity  to  the  segmental  groined  arch,  and  the  ease  with  which 
grade  stakes  can  be  set  for  it. 

Referring  to  Figs.  9  .and  7,  the  volume  of  air  space  of  the  i-unit 
parabolic  groined  arch  between  the  plane  of  the  springing  lines  and 
the  soffit  of  the  arch  is : 

=  5-^ w 

The  volume  of  the  parabolic  cylinder,  of  span  2  a,  rise  b,  and 
length  m  +  n,  is 

=  -g-   (»  +  »)     (30) 

Hence,  the  total  volume   of  air   space  between  the   plane  of  the 

springing  lines  and  the  soffit  of  the  vaulting  of  a  parabolic  groined 

arch  unit  is,  when  the  pier  area  equals  m  x  v, 

10  «»  b    ,±ab 

— o —  -f  ~^—  (™   +   n) (31) 
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When  the  pier  area  is  square, 

_  10  <r  b       Sab  w 

~~S~+       3~    (d2) 

When  the  pier  area  is  zero, 

-^ (33) 

from  which  the  volume  of  masonry  may  be  computed  as  previously 

outlined. 

Cloistered  Aech  Unit. 

Let  us  now  deduce  formulas  covering  the  same  ground  for  the 
cloistered  arch;  the  second  step  (see  page  294)  in  the  computation  of 
the  masonry  of  the  hypothetical  roof  under  discussion. 

The  cloistered  arch  unit  differs  from  the  groined  arch  unit,  in  that, 
whereas  the  groined  arches  spring  from  piers  in  points  (or  lines  of 
length  equal  to  the  dimensions  of  the  pier),  and  meet  at  the  crown  in 
intersecting  lines  of  lengths  equal  to  the  span  plus  the  width  and 
length,  respectively,  of  the  pier,  the  cloistered  arches  spring  from  the 
side  walls,  or  lintel  arches,  in  lines  circumscribing  the  unit,  and  in- 
tersect at  the  crown  in  a  single  point.  Hence  the  same  general 
method  of  computation  and  the  same  mathematical  forms  as  were  used 
for  computing  the  masonry  in  groined  vaulting  may  be  used  for 
cloistered  vaulting,  if  only  the  proper  limits  for  integration  be  sub- 
stituted therein. 

Segmental  Cloistered  Arch  Unit. — Adopting  the  same  nomenclature 
as  before,  we  find  in  determining  the  volume  of  air  space  in  the  |-unit 
cloistered  arch  shown  in  plan  by  A  B  D,  Figs.  12  and  14,  that  the 
vertical  cutting  plane  P  P,  drawn  perpendicular  to  A  B  at  a  distance  x 
from  A,  intersects  therefrom  a  partial  segment  g  h  j,  whose  area, 
if  a  =  semi-span, 

r  =  radius  of  curve  of  soffit  of  segmental  cloistered  arch, 
b  =  r  —  *\/  r'2  —  a2  =  rise, 
is  equal  to, 


(•\/r2  —  .{•'-'  —    yV-2  —  a'2)d. 


r2   .   _xa      r"    .  _x  x    ,    (2x  —  a)     ._ 
2Sm    7-~2Sin      V+         2 Vr 


X \/r2—X2 (34) 


2 

Hence  the  volume  of  air  space  between  the  plane  of  the  springing  lines 
and  the  soffit  of  the  arch  of  the  |-unit  segmental  cloistered  arch  is 
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/""[Formula  (34)]  dx 
/     o 

-f^-f^^+if <*> 

=  |(3r-S) (36) 

And  the  volume  of  air  .space  between  the  plane  of  the  springing  lines 
and  the  soffit  of  the  vaulting  of  a  segmental  groined  arch  unit,  of  span 

2  a,  and  rise  b,  is 

4Z>2 
=  —(3r-b) (37) 

Semi- Circular  Cloistered  Arch  Unit. — By  making  the  rise  (which  is 
equal  to  the  semi-span)  equal  to  the  radius  of  the  arch  in  formulas 
(34),  (35),  (36)  and  (37),  for  the  segmental  cloistered  vaulting,  we  have 
corresponding  formulas  for  the  semi-circular  cloistered  arch  (see  Table 
No.  1) 

Elliptical  Cloistered  Arch  Unit. — Similarly,  the  volume  of  the  air 
space  under  the  ^-unit  elliptical  cloistered  arch  is 

f  °A.      (iZL^)  -y/Zax  —  x*  +  ^-  vers  "'—    \dx (38) 

J    o  a    [         2  2  a 

-nr <»> 

And  the  volume  of  the  air  space  under  the  elliptical  cloistered  arch 
unit  is, 

-r <4°) 

Parabolic  Cloistered  Arch  Unit. — The  volume  of  the  air  space  under 
the  ^-unit  parbolic  cloistered  arch  is, 

rar%  (a  b)       .         ,     (bx^fl 

=/J  -V-*"+V  \d* (41) 

a2b  -" 

=  -T~ (42) 

And  the  air  space  under  the  parabolic  cloistered  arch  unit  is 

2  a2  b (43) 

By  the  aid  of  these  formulas  may  be  found,  as  previously  de- 
scribed, the  volume  of  masonry  in  any  cloistered  arch,  by  deducting 
from  the  computed  volume  of  a  circumscribed  prism  the  volume  of 
the  air  space  underlying  the  soffit  of  the  vaulting,  together  with  the 
volume  of  the  air  space,  if  any,  between  the  extrados  and  the  hori- 
zontal upper  base  of  the  prism  which  passes  through  the  crown.     It 
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should  be  noted,  moreover,  that  the  dimensions  (length  and  width)  of 
the  prism  circumscribing  the  cloistered  arch  are  not  merely  equal  to 
the  clear  span  in  both  directions,  but  are  in  each  case  greater  than 
those  spans  by  an  amount  equal  to  the  combined  thickness  of  the 
vaulting  at  the  two  opposite  springing  lines,  and  hence  equal  to  the 
span  plus  twice  the  thickness  of  the  abutments. 

Cylindrical  Arch  Units. 

Formulas  for  the  volume  of  the  air  space  between  the  plane  of  the 
springing  lines  and  the  soffit  of  the  cylindrical  arch  units  have  already 
been  deduced,  but  are  gathered  here  for  convenience: 

For  the  segmental  cylindrical  arch, 

=  1  [r-  sin  -1  ~  —  a  [r  —    b)~\ (M) 

For  the  semi-circular  cylindrical  arch, 

=  ^P (45) 

For  the  semi-elliptical  cylindrical  arch, 

-2^-'... (*6) 

For  the  parabolic  cylindrical  arch, 

4  a  b  I  ,.„. 

=  -3~ (47) 

in  all  of  which 

/  =  length  of  cylindrical  arch, 

r  =  radius  of  arch, 

a  =  semi-span  of  arch, 

b  =  rise  of  arch. 

Tables. 

Table  No.  1  contains,  for  convenience  in  computation,  the  formulas 
just  deduced  relating  to  the  volume  of  the  air  space  between  the 
plane  of  the  springing  line  and  the  soffit  of  the  vaulting  of  the  dif- 
erent  types  of  vaulting  discussed. 

In  Table  No.  2  is  given  a  comparison  of  the  ratios  of  the  volume 
of  masonry  in  the  groined,  cloistered,  cylindrical,  and  dome  arch 
units,  the  pier  area  and  width  of  abutment  of  which  is  equal  to  0,  and 
of  which  the  extrados  is  a  plane  surface  passing  through  the  soffit 
crown  to  the  volume  of  masonry  in  a  circumscribed  rectangular  prism, 
passing   through   the  same   springing  lines   and  soffit  crown;  which 
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table,  though  misleading  in  certain  respects,  has,  perhaps,  a  compara- 
tive value,  and  is  to  that  extent  suggestive. 

Table  No.  3  contains  a  comparison  of  the  amounts  of  masonry  in 
the  elliptical  and  semi-circular  groined,  cloistered  and  cylindrical 
arch  units,  with  that  in  a  circumscribed  rectangular  prism  passing 
through  the  springing  lines  and  the  (extrados)  crown  of  the  vaulting, 
based  upon  the  following,  and,  perhaps,  more  satisfactory  assump- 
tions: 

Span  of  arch =  2a; 

Eise  of  elliptical  arches =  \  of  span  =  — : 

a 

Piers  square; 

Width   of  piers   or   thickness    of 

abutments =  \  to  -.h$  of  span ; 

Thickness  of  masonry  at  crown. .     =  3V  of  span; 

Spandrels  of  masonry  level  with  crown  (that  is.  extrados  crown). 

TABLE  No.  2. — Comparison  of  Masonry  in  Groined,  Cloistered, 
Cylindrical,  and  Dome  Arch  Units:  with  Volume  of  Circum- 
scribed Rectangular  Prism  passing  through  Springing  Lines  and 
Crown  iof  Soffit,  not  of  Extrados  l  of  Arch  Unit. 

Pier  area  and  width  of  abutment  =  0,  and  extrados  a  horizontal  plane 
surface  through  soffit  crown: 


Description  of  "Unit.* 


Air  space 

under 
masonrv. 


Volume  of 
masonry. 
Cubic  feet. 


Ratio  of 

volume  of 

masonry  to 

circumscribed 

rectangular 

prism. 


Rectangular  Prism 

Elliptical  Groined  Arch 1 

Area  of  pier  =  0 f 

Circular  Groined  Arch 1 

Area  of  pier  =  0 | 

Parabolic  Groined  Arch I 

Area  of  pier  =  0 \ 

Elliptical  Cloistered  Arch 

Circular  Cloistered  Arch 


Elliptical  Cylindrical  Arch l  =  2a. 

Circular  Cylindrical  Arch I  =  8a. 

Hemispherical  Dome t 

of  equivalent  area R  =  1 .  12S4  a  j 


3.6168  a -b 
3.6l68as 

3.3333a=6 
2.6667a2b 
2.6667a3 
3.1416  a-?) 
3.1416a3 

2.0944  i?3 


4a-6 
0.3832  a26 

0.SS32a3 

0.6666a36 
1.3333a26 
1.3333  a3 
0.85840*6 
0.858*  a3 

1.0472  R  • 


100.V 
9.58V 

58 

16.66V 
33  V 

33V   X  £ 
0 

81.46V 

37.6LV 


References: 

a  =  semi-span  of  arch. 
b  =  rise  of  arch. 


i?  =  radius  of  arch. 

L  —  length  of  cylindrical  arch. 
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TABLE  No.  3.— Comparison  of  Masonry  in  Groined,  Cloistered  and 
Cylindrical  Arch  Units,  with  Volume  of  Circumscribed  Kectan- 
gular  Prism,  based  upon  the  Following  Assumptions:  Span  of 
Arch  =  2  a ;  Eise  of  Elliptical  Arches  =  \  of  Span;  Piers, 
Square;  Width  of  Piers  or  Abutment  =  \  to  2T  of  Span;  Thick- 
ness of  Concrete  at  Crown  =  -3-2-  of  Span;  Spandrels  filled  with 
Masonry  Level  with  Crown  (of  Extrados). 


Description  of  arch. 


Elliptical  Groined  Arch.  Pier  thickness  =  I  span  . 
Semi-circular  Groined  Arch.     Pier  thickness  =  £  | 

span |" 

Parabolic  Groined  Arch 

Elliptical  Cloistered  Arch,  with  abutment  thick-  / 

ness  =  A  span j 

Elliptical  Cloistered  Arch,  with  abutment  thick-  / 

ness  =  £  span ( 

Circular  Cloistered  Arch,  with  abutment  thick-  | 

ness  =  A  span ( 

Circular  Cloistered  Arch,  with  abutment  thick- 1 

ness  =  1  span ( 

Circular  Cylindrical  Arch,  with  abutment  thick-  I 

ness  =  A  span (' 

Circular  Cylindrical  Arch,  with  abutment  thick-  I 

ness  =  X  span | 

Elliptical  Cylindrical  Arch,  with  abutment  thick-  I 

ness  =  A  span (" 

Elliptical  Cylindrical  Arch,  with  abutment  thick-  ( 

ness  =  2'j  span | 


Volume  of 
masonry. 


0.729  a3 
1.121  a3 
0.9514  a3 
0.7292  a3 

1.3333  a3 

3.1180  a3 

4.8889  a3 

2.1195  a3 

1.5844  a3 

1.2299  a3 

0.9389  a3 


Volume  of  cir- 
cumscribed 
prism. 


3.0625  a3 
5.785  a3 
3.0625  a3 
3.0625  a3 

4.0000a3 

5.7847  a3 

7.5556  a3 

5.7847  a3 

4.9878  a3 

3.0625  a3 

2.6406  a3 


Ratio  ,Y 


23.8 
21.0 
31.6 
23.8 

33.3 

53.9 

64.7 

36.7 

31.8 

40.2 

35.6 


The  above  comparisons  are  not  absolute,  as  the  dimensions  of  the  circumscribing 
prism  vary.  Moreover,  no  allowance  has  been  made  in  them  for  the  masonry  required 
for  the  lintel  arches  from  which  spring  the  cloistered  and  cylindrical  arches. 

The  results  are  certainly  interesting,  and  while  the  author  does 
not  propose  to  discuss  them  here — as  they  speak  for  themselves — he 
would  call  attention  to  the  fact  that  they  are  not  strictly  comparable 
for  a  large  structure,  for  the  reason  that  while  the  span,  rise  and 
crown  thickness  are  the  same  in  all  cases,  the  depth  of  abutment  or 
piers  (and  consequently  the  amount  of  masonry),  varies,  and  for  the 
further  reason  that  no  allowance  has  been  made  for  the  amount  of 
masonry  in  the  lintel  arches  required  by  the  cloistered  and  cylindrical 
arches.  This  latter  circumstance,  however,  is  to  the  advantage  of 
the  groined  arch  in  a  consideration  of  its  economy,  as  compared  with 
other  types  of  vaulting. 

Method  of  Computing  Strength  of  Arch. 
Turning  now  from  the  subject  of  the  volume  of  masonry  in  the 
groined  arch,  let  us  briefly  touch  upon  a  method  for  studying  or  com- 
puting the  stability  of  the  groined  arch. 
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Judging  from  the  literature  on  the  subject,  but  little  study  has 
been  given  to  the  stability  of  the  groined  arch  by  mathematicians  and 
engineers  in  bygone  years.  Dr.  Hermann  Schefner,  in  his  "  Theorie 
der  Gewolbe  Futtermauern  und  Eisernen  Briicken,"  published  in 
1857,  presented  perhaps,  at  least  so  far  as  the  author  has  observed, 
the  most  complete  analysis  of  the  subject  that  has  yet  been  published, 
but  it  is  based,  like  his  discussion  of  the  cylindrical  arch,  on  the  as- 
sumption of  the  incompressibility  of  the  building  material.  Rondelet, 
at  about  the  same  time,  carried  on  a  series  of  experiments  with  differ- 
ent types  of  arches  upon  small  models,  which  experiments,  though 
they  seemed  to  bear  out  Scheffler's  deductions,  can  hardly  be  accepted 
as  more  applicable  to  full-sized  arches  than  are  the  early  experiments 
of  Hodgkinson  and  Fairbairn  upon  small  models  applicable  to  full- 
sized  specimens  of  timber,  iron  and  steel. 

William  Cain,  M.  Am.  Soc.  C.  E. ,  has  also  published  a  short  article* 
on  "  Voussoir  Arches  Applied  to  Stone  Bridges,  Tunnels,  Domes  and 
Groined  Arches  "  which  will  be  found  helpful,  and  which  was  written 
in  continuation  or  amplification  of  his  "  Theory  of  Voussoir  Arches,  "f 

More  recently,  however,  De  Grande  and  Resal,J  treating  of 
"Groined  Arches,"  have  outlined  a  method  which  appears  to  the 
author  to  be  rational  at  least,  if  not  so  easy  of  ajjplication  as  an 
empirical  formula,  and  which  is  herewith  briefly  abstracted  and  trans- 
lated : 

"*  *  *  Let  us  consider,  then,  the  conditions  of  stability  which 
a  work  of  this  character  presents. 

"Let  us  suppose  that  we  cut  one  of  the  two  vaults  by  two  vertical 
planes  very  close  together,  and  normal  to  the  generatrices  F  G  and 
K L,  Fig.  255.  The  portion  of  the  arch  thus  cut  out  is  a  cylindrical 
vault  of  infinitesimal  length,  and  has  for  its  right  section,  symmetri- 
cal with  reference  to  the  vertical  plane  through  the  crown,  a  fraction 
of  the  section  of  the  complete  cylinder  A  B  limited  by  the  vertical 
planes  K  F  and  L  G.  We  can  compute  the  thrust  exerted  by  this  arch 
on  its  abutments,  and  determine  the  point  of  intersection  V  of  the 
line  of  resistance,  in  the  plane  of  the  section.  Let  P  be  the  weight 
of  this  half  incomplete  arch  and  Q  the  thrust  which  it  exerts. 

"  Let  us  consider  the  portion  L'  G'  K F  of  the  arch  which  corre- 
sponds exactly  to  that  previously  considered  on  the  adjacent  vault. 

*  No.  42,  Van  Nostrand  Science  Series,  1879. 
+  No.  12,  Van  Nostrand  Science  Series. 

%  "  Encyclop6die  des  Travaux  Publics,"  Ponts  en  maconnerie,  par  De  Grande  et  J. 
Resal.  Vol.  1,  page  329. 
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Considering  tlie  identity  which  exists  between  these  two  fractions  of 
the  arch  from  the  point  of  view  of  the  load,  the  length  and  the  right 
section,  the  last  will  exert  the  same  horizontal  thrust  Q,  and  its  line 
of  resistance  will  cut  the  vertical  plane  through  A  C  at  the  same 
point  V. 

"  The  lines  of  resistance  of  these  two  arches  therefore  meet  in  the 
same  plane  of  the  groin;  the  vertical  components  P  of  these  pressures 
combine,  the  one  with  the  other,  and  the  horizontal  components,  that 
is  to  say,  the  thrusts  which  cut  each  other  at  right  angles  have  for 
their  resultant  a  horizontal  force  equal  to  Q  y  2,  and  contained  in  the 
vertical  plane  A  C. 

"  Resuming  now,  the  load  supported  by  the  portion  of  the  groined 
arch  L  G,  F  K,  L'  G'  has  for  a  result  the  development,  in  the  plane 
of  the  groin  A  G,  of  a  force  of  vertical  component  2  P,  and  horizontal 
component  Q  y  2,  and  applied  at  a  point  V,  which  we  know  how  to 
find. 

"Let  us  suppose  that  we  divide  the  half  of  the  vaulted  arch 
A  B  S  D  by  a  series  of  vertical  planes,  such  as  F  G,  K  L,  F  G',  K  L', 
into  a  certain  number  of  slices,  and  that  we  determine  by  the  preced- 
ing method,  in  amount  and  direction,  the  resultant  pressures  trans- 
mitted by  these  slices  in  the  plane  of  the  groin  A  S. 

"Fig.  256  represents  the  vertical  section  of  the  groined  arch  cut 
by  the  plane  A  S,  and  we  have  marked  thereon  the  points  of  applica- 
tion Vl  V2  Vz,  *  *  *  Vn  of  the  resultants  corresponding  to  the 
successive  slices  cut  from  the  arch.  It  will  suffice,  to  combine  these 
different  forces  acting  from  the  crown  S  toward  the  springing  A,  to 
obtain  the  curve  of  the  line  of  resistance  in  the  plane  of  the  groin. 

"The  total  weight  2  P  transmitted  to  the  upper  section  of  the 
column  will  be  equal  to  the  weight  of  a  quarter  of  the  groined  arch  A 
SB,  and  the  total  thrust  will  be  the  sum  of  the  partial  thrusts  calcu- 
lated separately  for  the  different  slices. 

"  Let  us  cut  the  groin  A  Shj  a  plane  31 N,  Fig.  255,  which  is  per- 
pendicular to  it.  Let  W  (Fig.  257)  be  the  point  of  intersection  in  this 
plane  of  the  line  of  resistance,  and  T  the  resultant  of  the  reactions  trans- 
mitted by  the  portion  of  the  groined  arch  which  lies  on  the  groin  between 
the  crown  S  and  the  plane  31 N.  This  force  T  will  distribute  itself 
over  a  certain  zone  of  the  masonry,  over  one  portion  and  another  of 
the  plane  of  symmetry  A  S,  and  as  the  total  reaction  of  the  arch  will 
be  definitely  transmitted  to  the  column  A,  it  is  natural  to  suppose 
that  the  zone  of  masonry  affected  by  the  force  Twill  be  sensibly  limi- 
ted by  the  vertical  planes  R  S  and  T S  limited  by  the  crown  and  the 
opposite  corners  J1  and  R  of  the  column.  This  statement  seems  to  us 
to  be  almost  self-evident. 

"Fig.  258  represents  the  section  cut  by  the  plane  31 N  from  this 
prism  of  masonry  which  is  called  upon  to  balance  by  its  molecular 
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!  Fig.  255. 


action  the  force  T.  In  order  that  the  work  may  be  stable  it  is  neces- 
sary that  the  maximum  pressure  developed  in  this  section  should  not 
exceed  the  practical  limit;  we  can  also  calculate  under  all  circum- 
stances the  value  of  this  maximum  pressure  by  the  formulas  for  the 
resistance  of  materials. 

"Three  cases  may  present  themselves:  First,  when  the  calculated 
pressure  is  admissible.  The  work  will 
then  have  the  desired  stability  without 
modification.  Second,  when  the  point  W 
is  too  near  the  upper  summit  31,  corre- 
sponding to  the  re-entrant  angles  of  the 
profile.  It  is  necessary  then  to  reinforce 
the  top  of  the  section  of  masonry,  and  one 
can  do  this  without  difficulty  (Fig.  258) 
by  filling  in  the  depression  in  the  surface 
of  the  extrados  of  the  groined  arch  in  the 
plane  A  S.  This  reinforcement  of  the 
theoretical  diedral  angle  by  a  regular  sur- 
face, or  one  bringing  the  extradoses  of 
the  two  vaults  into  accord,  is  very  fre- 
quently practiced  by  builders.  Third, 
when  the  point  IF  is  too  near  the  inferior 
summit  _ZV"  corresponding  to  the  groined 
edge  of  the  work.  This  groin  runs  the 
danger,  then,  of  failing  and  of  crushing, 
in  consequence  of  excessive  compression. 
It  is  therefore  necessary  to  reinforce  it. 
This  can  be  done  by  surrounding  the 
groin  with  a  prism  of  masonry  forming 
a  rib  and  intimately  bonded  to  the  mass 
of  the  groined  arch  (Fig.  259). 

"  This  is  a  custom  well  known  to  archi- 
tects, which  is  entirely  justified,  as  we  see, 
by  the  theory  of  arches.  Sometimes  this 
rib  stops  at  its  junction  with  the  column, 
on  the  vertical  ornament  upon  which  it 
rests;  or,  again,  it  may  continue  from  its 
junction  with  the  column  to  the  bottom  of 
the  latter,  following  the  vertical  edge  A. 
Fig.  260  represents   the   plan    of  a  work  Fig.  260. 

thus  designed,  and  it  is  customary  to  place  at  the  crown  a  salient 
stone  on  which  the  ribs  of  the  groin  S  abut,  and  which  forms  a 
motive  of  decoration.  *  *  *  It  happens  sometimes  that  groined 
arches  are  formed  by  the  intersection  of  two  vaults  of  the  same  rise 
but  different  span.     In  this  case  the  thrusts  of  their  vaults  being  un- 


Fig.  257. 


X1^ 
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equal,  the  resulting  pressures  developed  in  their  vertical  plane  of 
intersection  will  no  longer  necessarily  be  contained  in  this  plane. 

"  The  above-described  method  of  analysis  is  perfectly  applicable, 
however,  though  one  recognizes  in  general  that  this  disposition  is 
less  favorable  to  stability,  and  should  be  discarded  when  arches  of 
large  dimensions  and  heavy  loads  are  concerned." 

It  is  apparent,  of  course,  that  this  method  makes  no  allowance  for 
the  greater  stability  of  the  structure  due  to  the  monolithic  character 
of  the  masonry  when  constructed  of  concrete;  which  stability  is  no 
doubt  materially  increased  thereby. 

Scheffier  drew  the  following  conclusions  from  his  analysis  of  the 
stability  of  groined  arches,  as  is  to  be  found  in  his  ' '  Theorie  der 
Gewolbe,"  page  183: 

"It  is  a  striking  fact  that,  by  comparison  of  these  different  values 
for  E  (the  thickness  of  abutment),  in  all  cases  the  thickness  of  abut- 
ment for  a  free  standing  pillar  the  value  of  which  is  computed  according 
to  (17),  upon  which  two  rib  arches  act  at  right  angles  simultaneously, 
is  smaller  than  for  a  simple  cylindrical  arch,  or  for  the  unbalanced 
pressure  resulting  from  a  single  arch  rib.  The  reason  for  this  is  to  be 
found  in  the  fact  that  whereas  in  the  first  case,  where  all  the  forces 
unite  along  the  diagonal,  the  moment  of  the  abutment  grows  accord- 
ing to  the  i/2  =  1.414  times;  under  the  same  conditions,  the  moment 
of  the  injurious  (harmful)  horizontal  forces,  only  increases  at  their 
junction;  while  the  lever  arm,  therefore,  also  the  moment  of  the  verti- 
cal forces  favorable  to  stability,  increases  in  greater  proportion, 
namely,  as  f  1/  2  =  2. 121  times.     *     *     * 

"These  results  (which  vary  materially  for  greater  coefficients  of 
stability,  as  we  have  seen  above)  find  a  noteworthy  confirmation  in  the 
practical  investigations  with  models  by  Rondelet,  which  are  described 
in  his  "  L'Art  de  Bathy'  Book  IX,  6th  section,  chapter  2  (page  327  of  the 
German  translation),  and  according  to  which,  for  the  limit  of  equilib- 
rium of  equal  span  widths,  the  thickness  of  abutment  of  a  dome  arch, 
of  a  cloistered  arch,  of  a  cylindrical  arch  and  of  a  groined  arch,  are 
about  in  the  proportion  of  the  numbers  1,  '6,  4,  6." 

Albert  Hebrard  in  his  book  "  L'Architecture  "  gives  an  empirical 
formula  for  the  determination  of  the  thickness  of  a  supporting  pier 
of  a  groined  arch  which  reduces  to  the  form:  "  x  =      |2  j  r  x,  when 

H  is  equal  to  or  greater  than  the  span  "  in  which 
x   =  thickness  or  depth  of  pier; 
F  =  thrust  at  crown  of  arch  between  piers; 

L  =  distance  on  centers^of  crown  points,  i.  e.,  span  plus  width  of 
pier; 
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I  =  width  of  pier; 

r  =  coefficient  of  stability,  varying  from  1  to  2,  according  to  judg- 
ment. 
But  it  will  be  noted  that  the  thrust  on  the  cylindrical  arch  has  first 
to  be  determined,  and  the  formula  is  at  best  only  indirectly  applicable. 

Recent  Examples  in  the  United  States. 

But  few  examples  of  the  use  of  the  groined  arch  in  its  simplest 
form  as  a  reservoir  or  filter  bed  covering  are  to  be  found,  either  in  the 
United  States  or  abroad.  Their  introduction  for  such  purpose  in  this 
country  was  due  to  William  Wheeler,  M.  Am.  Soc.  C.  E.,  of  Boston, 
who  first  made  use  of  them  in  the  construction  of  the  covered  sand 
filters  designed  by  him  for  the  Ashland  (Wis.)  Water  Company  in 
1895  (see  Plate  VI,  Fig.  2).  The  groined  arches  there  used  were,  as 
appears  in  Mr.  Wheeler's  paper  on  the  Ashland  filters,  read  before  the 
New  England  Water- Works  Association,  March  10th,  1897: 

"  Elliptical  arches  of  15.75  ft.  span  and  3.50  ft.  rise.  The  arch  rings 
are  about  5  ins.  thick,  consisting  of  two  courses  of  bricks  laid  flatwise 
in  Portland  cement  mortar.  The  spandrels  of  the  arches  and  the 
spaces  over  the  piers  and  adjacent  walls  are  filled  and  covered  with  a 
backing  of  Portland  cement  concrete  up  to  the  general  level  of  4  ft. 
above  the  spring  of  the  arches,  but  sloping  down  to  a  height  of  2  ft. 
only,  above  the  springing  line  at  the  rear  of  the  outside  wall." 

The  arches  cover  an  effective  area  of  about  half  an  acre,  in  three 
compartments,  and  are  jorotected  by  an  earth  embankment  2  ft.  in 
depth  covering  them. 

In  1896  groined  arches  were  again  used  by  the  same  engineer  to 
cover  another  sand  filter,  designed  by  him  for  the  Somersworth  (N. 
H.)  Water  Works  (see  Plate  VI,  Fig.  1).  These  arches,  which  cover 
an  effective  area  of  half  an  acre,  were  also  elliptical,  of  span  16  ft., 
rise  4  ft.,  built  of  one  course  of  brick,  laid  on  edge,  backed  with  Port- 
land cement  concrete  up  to  a  horizontal  plane;  making  the  depth  of 
masonry  at  the  crown  6  ins.,  covered  with  from  2  to  21  ft.  of  earth  and 
gravel. 

They  were  also  used  by  Freeman  C.  Coffin,  M.  Am.  Soc.  C.  E.,  in 
1897,  as  a  covering  for  a  reservoir  designed  by  him,  and  built  for  the 
Wellesley  (Mass.)  Water- Works  upon  Maugus  Hill.  These  groined 
arches  were  also  elliptical,  constructed  entirely  of  Portland  cement 
concrete,  of  12-ft.  span,  2-ft.  rise  and  with  spandrels  filled  to  a  depth 
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giving  6  ins.  at  crown,  covering  a  circular  reservoir  80  ft.  in  diameter, 
and  supporting  an  earth  and  gravel  filling  2  ft.  deep. 

And,  finally,  Allen  Hazen,  Assoc.  M.  Am.  Soc.  C.  E.,  has  made  use 
of  them  in  the  new  and  excellent  sand  filter  plant  recently  designed  by 
him,  and  now  under  construction,  for  the  Albany  (N.  Y.)  "Water- 
Works. 

These  examples  of  the  groined  arch,  in  engineering  structures  of 
such  a  character,  limited  as  they  are  in  number,  are  all  in  the  United 
States  that  have  thus  far  (February,  1898),  come  to  the  knowledge  of 
the  author,  but  it  seems  highly  probable  that  with  the  great  awaken- 
ing in  questions  relating  to  bacteriological  conditions  of  water  sup- 
plies, the  construction  of  covered  filters  and  reservoirs  will  multiply. 
And  for  this  reason  the  subject  of  groined  arches  as  a  covering  for 
reservoirs  and  sand  filters  has  seemed  to  the  author  to  be  pertinent  at 
this  time. 
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By  Messrs.  Hokace  Andrews  and  Bobert  P.  Woods. 


Horace  Andrews,  M.  Am.  Soc.  C.  E. — This  carefully  prepared  paper  Mr.  Andrews 
is  of  interest,  and  the  double  curb  is  an  innovation  that  may  be  found 
useful  where  other  means  fail.  It  is  much  to  be  regretted  that  nothing 
is  said  either  in  the  paper  or  in  the  discussion  as  to  the  cost  of  the  im- 
provement. This  is  certainly  a  factor  of  too  much  importance  to  be 
disregarded  by  a  municipal  engineer.  Concrete  curb  with  gutter 
attached,  similar  to  that  described  in  the  paper,  has  been  laid,  under 
the  writer's  specifications,  for  90  cents  per  lineal  foot.  It  will  be  of 
interest  to  know  whether  the  double  curb  cost  twice  the  above  amount. 

The  writer  agrees  with  Messrs.  Tillson  and  Hankineon  that  the 
second  step  would  better  have  been  omitted  at  the  curb  and  placed 
near  the  fronts  of  the  buildings. 

Two  steps  might  even  have  been  used  in  such  a  location.  The  street 
once  improved  is  apt  to  retain  its  cross-section  for  many  years,  while 
it  would  appear  from  the  photographic  views  that  many  of  the  build- 
ings will  be  replaced  before  very  long  and  then  the  suggested  steps  in 
front  of  them  could  be  done  away  with. 

The  relative  widths  of  sidewalks  and  carriageway  are  closely  con- 
nected with  the  question  of  economical  improvement.  It  would  seem 
that  the  90-ft.  streets  would  have  looked  better,  would  have  amply  ac- 

*  Continued  from  April,  1899,  Proceedings.  See  February,  1899,  Proceedings  for 
Paper,  by  Robert  P.  Woods,  Juu.  Am.  Soc.  C.  E.,  on  the  subject. 
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r.  Andrews,  commodated  all  traffic  and  would  have  been  more  economically  im- 
proved with  20-ft.  sidewalks  and  a  5<  >-ft .  carriage-way,  while  the  66-ft. 
streets,  with  30-ffc.  carriage-ways,  would  certainly  accommodate  all 
vehicle  traffic  in  a  place  the  size  of  Wabash.  It  would  be  much  cheaper 
to  construct  sidewalks   than  equal  areas  of  asphalt  pavement. 

The  writer  agrees  with  Mr.  North  as  to  the  superiority  of  stone  over 
concrete  for  curbs.  The  concrete  gutter  is  peculiarly  objectionable  on 
account  of  the  running  joint  at  its  outer  edge;  this  is  epiite  apt  to  wear 
into  a  rut,  a  trouble  experienced  with  all  such  joints  where  the  wheel 
traffic  is  considerable. 

It  is  not  apparent  that  an  extra  pitch,  transversely,  was  needed  for 
the  gutter.  The  general  contour  of  the  street  might  have  been  main- 
tained, as  usual,  to  the  vertical  face  of  the  curb. 

It  seems  to  the  writer  that  the  author  and  Mr.  Tillson  are  correct 
in  their  objections  to  an  absolutely  plane  surface  for  the  pavement, 
although  they  differ  from  Mr.  North  in  this  respect;  but  quite  as 
serious  an  evil  is  the  level  surface  resulting  from  the  use  of  a  circular- 
arc  cross-section,  with  gutters  of  equal  elevation.  Referring  to  Section 
No.  12,  it  is  seen  that  for  7  ft.  at  the  center  of  the  carriage-way  the  rise 
is  only  A  in.  It  is  practically  impossible  to  avoid  depressions  along 
the  center  of  the  stx-eet  where  so  slight  a  rise  is  attempted. 

As  to  the  amount  of  crown  tobe  given  a  street  with  gutters  of  equal 
elevation,  the  writer  prefers  A  rather  than  y^o  of  the  width  of  car- 
riage-way as  giving'sufficiently  rlat  transverse  slopes  and  as  avoiding  de- 
pressions, while  the  water  is  more  rapidly  brought  to  the  gutters.  The 
ratio  -7L2-is  practically  that  used  by  the  author,  the  radius  of  his  eircrdar 
segment  then  being  nine  times  its  chord.  The  variation  between  the 
circle  and  the  parabola  is  so  extremely  minute  that  the  cross-secthm 
may  be  termed  circular  with  perfect  propriety.     The  ordinate  of  the 

parabola   is   y  =    -^— ,    while    the    ordinate    of    the    circular    arc   is 

if  =  <j~7  +  o~%  —  -p-.-.   —  etc-      In    the   author's   example,    for    the 

maximum  ordinate,  x  =  18.67.    r  =  9  X  width  =  336.06,    sufficiently 
near  (the  author  gives  /•  =  335.30).     For  the  parabola  y  will  be  0.5186, 

while  the  second  term.  ^—  ,   iucreases    this  onlv  bv   0.0004,   the   third 

o   T  " 

term  being  too  small  to  be  considered. 

The  writer,  a  number  of  years  ago,  abandoned  the  circular-arc  form 
of  cross-section  and  has  adopted,  for  some  20  miles  of  pavement  on 
concrete  foundation,  a  form  intermediate  between  the  circular  arc  and 
straight  lines  forming  chords  of  half  the  arc. 

According  to  Thomas  Codrington,  in  his  article  on  roads,*  this  form 
is  used  in  London,  and  Mr.  Hankinson's  proportion  of  8  to  5,  as  that 
*Encycl.  Britannica. 
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which  the  crown  bears  to  the  ordinate  at  the  quarter,  al-       _       -   .<dth  Mr.  a 

this  er   -.on.     A  useful  comparison  between  this  form  and  the 

circular  arc  can  be  male  by  considering  the  rates  per  cent,  of  the 
slopes  at  different  parts  of  the  transverse  section.  If  i?  represents  the 
ratio  of  width  to  crown.  7°.  :  100,  etc..  and  the  carriage-way  is  trans- 
versely divided  into  eighths;  then  the  rates  per  cent,  in  the  four  divis- 
ions lying  between  the  center  and  the  gutter,  starting  at  the  center. 

„     lt      .      ,  "       156      250        ,    350  ,    .       ., 

are:  For  the  circular  arc.  -jy.  — „-.  —rj-  and  — 5-.    and   for    the    un- 
it       J£  A  K 

125      17"i      225  275 

proved  form  mentioned.      „    ,  — ^-.  — q-  and   "      .  respectivelv.    For 
St  si  si  si 

example,  with  R  =  72.  the  slopes  of  the  circular  are  are  0.695°,, .  _     B 

Iiile  the  preferred  cross-sectioj  has  slopes  of  1. 7 - 

B2     .  being  less  flat  in  the  center  and  flatter  at  the 

gutters  than  the  circular  arc.     By  thus  considering  the  rates  per  cent. 

of  different  portions  of  the  cross-section,  it  is  easy  to  perceive  the  effect 

of  unequal  heights  of  gutters  if  the  slope  of  the  hue   between  them  is 

expressed  in  the  rate  per  cent. 

It  would  be  interesting  to  know  from  the  author  how  nearly  he 

succeeded,  practically,   in    securing    the  cross-sections  called  for  in 

his    theoretical   investigations.       The    writer   has  found  it  quite  iru- 

ole  in  dense,  wet  clay  to  form  the  snbgrade  to  exact  shape. 
A  10-ton  roller  will  make  waves  and  depressions  both  longitudinal 
and  transverse,  yet  the  concrete  and  pavement  will  stand  well  when 
the  work  is  complete.  In  the  writer's  practice  the  curbs  are  first 
placed,  and,  by  means  of  a  cord  stretched  between  them  and  m<    - 

offsets  the  snbgrade  is  approximately  formed  and  is  then  rolled. 
The  cord  is  again  used  and  iron  rods  are  driven  at  the  eighths  of 
transverse  width;  the  top  of  the  concrete  is  marked  on  these  with 
chalk  and  the  snbgrade  is  then  shaved  off.  generally,  or  filled  up. 
rarely,  until  it  is  exactly  the  proper  distance  below  the  chalk  rnark^. 
Concrete  is  then  spread  and.  afterward,  the  iron  rods  are  pulled  up. 
For  a  brick  pavement  fine  sand  is  spread  on  the  concrete,  and  it  is 
then  struck  by  means  of  a  temp' ate  resting  on  rollers  running  on  the 
curb?.     This  template  is  formed  with  considerable  exactness  and  can 

- -d  on  widths  of  carriage-way  up  to  36  ft.  For  greater  widths  a 
template  of  half  the  width  of  the  carriage-way  Le  uning  on  one 

curb  and  on  a  timber  laid  temporarily  in  the  center  of  th< 
These  templates  have  two  rollers  at  each  end;  the  faces  of  the  roll     • 

lightly  wider  than  the  curb  thickness.  They  are  swivelled  so 
that  one  end  of  the  template  cm  be  drawn  in  advance  of  the  other, 
thus  accommodating  a  varving  width  of  carriage-way  of  as  much  as 
6  ins.  The  sand  cushion  is  formed  with  great  nicety  by  this  ra- 
it is  then  dampened,  the  bricks  are  laid  and  afterward  rolled  with  a 
5-ton  roller.     The  pavement  is  then  carefully  inspected  and  imperfect 
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Mr.  Andrews,  bricks  are  replaced.  The  sand  cushion  is  hard  and  compact,  and  the 
contact  with  the  bricks  is  perfect.  The  joints  are  then  grouted  with 
Portland  cement  and  sand  in  equal  parts.  The  writer  has  laid  13 
miles  of  brick  pavement  in  this  manner  and  has  observed  no  rumbling 
or  distortion  such  as  has  been  the  cause  of  complaint  in  some  cities. 
The  bricks  used  have  been  red  shale  in  all  cases. 

Mr.  Owen's  suggestion  of  a  depression  in  the  center  of  the  street 
is  worthy  of  serious  consideration.  The  writer  has  often  been  im- 
pressed with  the  desirability  of  such  a  form  of  cross-section  when  for 
several  months  the  gutters  are  filled  with  snow  and  ice,  and  in  times  of 
thaw  all  drainage  is  necessarily  in  the  center  of  the  street.  Except 
in  the  case  of  alleys  where  there  are  no  sidewalks  the  writer  has,  how- 
ever, never  used  a  cross-section  throwing  the  water  toward  the  center 
of  the  carriage-way. 

A  low  retaining  wall  li  to  2h  ft.  high  has  been  used  with  advantage 
in  place  of  a  curbstone  on  the  high  side  of  a  carriage-way.  In  Troy, 
N.  Y.,  there  exists  such  a  wall  nearly  6  ft.  in  height. 

In  the  improvement  of  the  streets  of  the  older  and  of  the  hilly 
cities  the  municipal  engineer  is  often  in  despair  at  the  difficulties 
arising  from  the  original  and  grossly  improper  formation  of  the  street. 
The  author  is  to  be  congratulated  on  the  comparatively  easy  nature 
of  the  problem  and  on  the  readiness  of  the  inhabitants,  as  commend- 
able as  unusual,  to  co-operate  with  him  in  the  carrying  out  of  his 
plans. 

Mr.  Woods.  Robert  P.  Woods,  Jun.  Am.  Soc.  C.  E. — It  appears  probable  that 
methods  of  street  construction  may  vary  in  different  parts  of  the 
country  and  still  be  suited  to  their  respective  localities  and  attending 
circumstances. 

The  method  of  shaping  unbalanced  cross-sections  recommended  by 
Mr.  Tillson  was  used  by  the  author  on  Miami  Street  (Sections  1  and 
2),  and  would  have  been  used  throughout  the  improvement,  but  that 
its  continued  application  would  have  produced  results  apparently 
more  unsatisfactory  than  the  double  curb. 

The  five  sections  as  rearranged  by  Mr.  Tillson  are  not  as  practical 
as  might  appear  from  a  casual  inspection  of  them  singly.  In  his  Sec- 
tion No.  2  the  east  gutter  on  Miami  Street  is  raised  10  ins.,  leaving 
but  2  ins.  fall  in  a  block  of  280  ft.     This,  obviously,  would  not  answer. 

By  raising  the  west  gutter  on  Y»'abash  Street  1  ft.,  as  shown  in  his 
Section  No.  5,  the  grade  of  the  gutter  at  the  alley  north  of  Canal  Street 
would  be  1  in.  above  the  sidewalk. 

In  his  Section  No.  7  the  slope  of  the  south  walk  on  Market  Street 
is  lessened  to  0.20  ft.,  which  is  sufficient  for  that  walk;  but  the  longi- 
tudinal grade  of  the  west  walk  on  Wabash  Street  is  not  as  great  as  the 
Market  Street  walk,  and  he  thereby  reduces  the  cross-slope  of  the 
Wabash  walk  to  0.08  ft.  or  xV  in-  per  foot,  which  is  not  enough. 
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The   predominating   slopes   used  by  Mr.    Tillson  in  the  roadway  Mr.  Woods, 
revisions  appear  to  be  far  too  slight  for  the  existing  conditions  in 
Wabash,  and  from  this  standpoint  the  author  believes  they  are  not 
accep  table. 

The  author's  Sections  Nos.  7  and  8  show  the  slope  of  the  roadway 
to  be  from  one  gutter  to  the  other,  but  in  connection  therewith  it 
should  be  noted  that  either  of  these  sections  is  on  a  warped  orboned-in 
section,  and  was  exhibited  merely  to  show  a  partial  detail  of  the  manner 
in  which  the  Market  Street  grade  was  merged  into  the  hill-side  grade 
of  Wabash  Street.  At  no  place  in  the  improvement  does  water 
drain  transversely  of  the  roadway  from  one  gutter  to  the  opposite; 
the  longitudinal  grade  of  the  north  gutters  on  Market  Street,  at  the 
warped  sections  cited,  each  being  3%,  the  water  is  carried  to  them. 

It  has  been  suggested  that  the  extra  step  should  have  been  placed 
at  the  building  line,  or  at  the  area  line.  To  illustrate  the  local  feeling 
concerning  such  location,  it  may  be  stated  that  the  original  grade  on 
the  north  walk  of  Market  Street  from  Wabash  Street  westward  324  ft. 
was  flush  with  the  lower  curb;  but  before  this  particular  walk  was 
constructed  the  nine  abutting  property  owners  signed  a  petition  ask- 
ing the  Common  Council  to  raise  the  grade  by  means  of  the  double 
curb,  and  at  the  expense  of  the  abutters.  This  petition,  which  had 
been  presented  after  most  of  the  double-curb  work  had  been  con- 
structed, would  lead  one  to  presume,  that  from  a  local  standpoint  the 
curb  was  not  considered  "expensive,  unsightly  and  dangerous,"  as  in- 
dicated by  Mr.  Tillson. 

The  total  extra  cost  of  the  improvement  to  the  abutting  property 
owners  adjacent  to  the  double  curb  was  but  10  cents  per  foot  more 
than  to  those  along  the  single  curb. 

Mr.  Evans  believes  the  double  curb  would  be  a  repository  for  filth, 
yet  during  the  nine  months  that  have  elapsed  since  the  construction 
it  has  not  been,  nor  should  it  become  so,  for  should  the  merchants  fail 
to  sweep  the  curb  when  they  sweep  the  walk,  the  drainage  from  the 
walks,  upon  the  smooth  cement  surface  of  the  curb,  which  has  a  cross- 
slope  of  J  in.  per  foot,  would  be  ample  to  keep  it  in  a  sanitary  con- 
dition. 

Mr.  Owen's  preference  for  a  single  high  step  at  the  curb,  when  it  is 
necessary,  is  well  founded  where  there  is  to  be  much  transfer  of  heavy 
merchandise;  but  in  Wabash  the  freight  is  transferred  from  the  wagons 
to  the  buildings  in  the  16-ft.  alleys. 

It  was  the  peculiar  local  conditions  surrounding  the  district  im- 
proved that  caused  the  author  to  arrange  the  double  curb  as  used,  and 
the  results  are  decidedly  satisfactory. 
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DRY  DOCKS— STONE  vs.  WOOD. 

An  Informal  Discussion.* 


By  Edward  Mohun,  M.  Am.  Soc.  C.  E. 


Mr. Mohun.  Edwakd  Mohun,  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer  is 
thoroughly  in  accord  with  those  who  hold,  that  while  a  commercial 
qompany,  or  private  individual,  may  be  justified,  from  financial  con- 
siderations, in  the  use  of  timber  for  these  works,  yet  that  a  great 
and  wealthy  maritime  nation  would  be  ill  advised  if,  through  the 
parsimony  of  its  rulers,  other  than  the  best  and  most  enduring  ma- 
terial were  made  use  of  in  constructions  on  which  in  time  of  war  the 
efficiency  and  possibly  the  very  existence  of  its  fleet  might  depend. 

The  dry  dock  at  Esquimalt,  B.  C,  was  opened  in  July,  1887;  H. 
M.  S.  Cormorant  being  the  first  to  enter. 

Its  dimensions  are:  Length  of  floor,  450  ft.,  which  can  be  increased 
to  481  ft.,  by  berthing  the  caisson  at  the  outer  invert;  breadth  of 
entrance,  65  ft. ;  breadth  at  coping,  90  ft. ;  breadth  of  floor,  41  ft. ; 
depth  on  sill  at  ordinary  high  water,  26i  ft.,  and  at  high  spring  tides 
from  29  to  30  ft. 

The  body  of  the  dock  is  constructed  of  concrete  faced  with 
masonry. 

From  the  bills  of  quantities  there  were  used  in  its  construction: 
30  639  cu.  yds.  of  concrete,  6  556  cu.  yds.  of  brickwork,  and  109  887 
cu.  ft.  of  masonry. 

Its  cost  was  about  S900  000. 

*  The  discussion  of  this  subject,  for  which  no  formal  paper  was  presented,  is 
here  continued  from  the  Proceedings  of  March,  1899,  in  order  that  the  views  expressed 
may  be  brought  before  all  members  of  the  Society  for  further  discussion.  (See  rules 
for  publications,  Proceedings,  Vol.  xsv,  p.  71.) 
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It  has  been  in  almost    constant  nse  for  nearly  12  years,  and  the  Mr.Mohun, 
writer  is  informed  by  the  Dock  Master  that  the  repairs  to  the  body 
of  the  dock,  during  that  period,  have  been  effected  at  the  cost  of  five 
barrels  of  cement  and  a  week's  wages  to  a  mason. 

During  the  last  years  the  cost  of  replacing  defective  work  on  the 
caisson  chamber  and  purup  wells  has  been  about  $4  000.  Owing  to 
the  records  Laving  been  destroyed  by  fire,  it  is  impossible  to  give  the 
correct  figures.  Much  of  this  expenditure  appears  to  have  been  caused 
by  the  use  of  brickwork  in  the  pump  wells  and  entrance  works.  The 
writer  regrets  his  inability  at  the  present  moment  to  furnish  the 
actual  cost  of  these  repairs,  but  it  appears  reasonable  to  assume  that, 
had  the  same  material  been  used  as  in  the  body  of  the  dock,  their  cost 
would  have  been  reduced  to  a  minimum. 

The  pumps  have  been  furnished  with  two  new  sets  of  rubber 
valves,  and  a  new  pinion  and  spur  wheel  have  been  added  to  the 
machinery. 

Irrespective  of  the  tendency,  of  late  years,  to  increase  the  size  of 
warships,  it  would  seem,  that  to  fulfill  all  the  conditions  under  which  its 
services  might  be  needed,  a  dry  dock  should  be  long  enough  to  take 
the  longest  vessel  in  the  fleet,  wide  enough  at  the  entrance  to  take 
that  of  the  greatest  beam,  and  with  depth  on  the  sill  to  take  that  of 
the  greatest  draught. 

The  following  are  the  dimensions  of  the  largest  ships  in  the  British 
Navy: 

Battle-ships,  Majestic  class:  Length,  390  ft. ;  beam,  75  ft. ;  draught, 
27f  ft.     There  are  nine  of  this  class. 

The  Powerful  and  the  Terrible  are  the  two  largest  cruisers  of  the 
British  Navy  afloat,  and  have  a  length  of  500  ft.,  a  beam  of  71  ft., 
and  a  draught  of  27  ft. 

It  appears  to  the  writer  that  the  least  dimensions  of  dry  docks  for 
the  use  of  the  British  Navy  at  outlying  stations  would  be:  Length  of 
floor,  500  ft.;  width  at  entrance,  80  ft.,  and  depth  on  sdl.  30  ft. 
Probably  few  engineers  would  recommend  the  construction  of  timber 
docks  of  such  dimensions  to  receive  battle-ships  of  15  000  tons  dis- 
placement. 

A  few  weeks  ago  the  writer  was  discussing  with  the  captain  of 
the  flagship  on  this  station  the  size  of  docks  required  by  the  later 
additions  to  the  British  Navy,  and  that  gentleman  jaointed  out  that 
under  certain  possible  conditions  a  very  great  depth  on  the  sill  might 
be  needed.  It  must  be  understood  that  this  was  simply  in  conversa- 
tion and  possibly  might  not  be  the  result  of  mature  consideration  on 
his  part. 

For  instance,  suppose  a  vessel  with  her  bows  stove  in  and  her 
forward  compartments  full  of  water,  the  result  perhaps  of  a  naval 
action  or  collision;  it  is  obvious  that  she  would  be  down  by  the  head, 
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Mr.  Mohun.  possibly  10  ft.  more  than  her  normal  draught,  and  to  enter  the  dock 
would  need  a  great  depth  on  the  sill.  The  officer  above  referred  to 
suggested  that  a  depth  of  40  ft.  on  the  sill  might  be  required  in  such 
an  emergency. 

To  the  writer  this  is  an  entirely  new  view,  on  which  he  does  not 
feel  competent  to  express  an  opinion. 

A  case  somewhat  in  point,  however,  occurred  here  a  few  years  ago. 
The  second-class  cruiser,  Amphion,  4300  tons,  with  a  usual  draught  of 
22.V  ft.,  was  taken  into  dock  after  ripping  up  her  bottom  on  a  rock. 
She  reached  the  dock  at  high  water,  and  was  just  able  to  enter,  graz- 
ing the  sill. 

The  Admiralty  grant  toward  the  construction  of  the  Esquimalt 
dock  was  $250  000,  and  this  single  use  of  the  dock  probably  recouped 
the  amount  and  possibly  saved  a  vessel  to  the  British  Navy. 
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COMPARATIVE    TESTS    OF    BITUMINOUS    STEAM 

COALS. 
Discussion.* 


By  William  Kent,  Esq. 


William  Kent,  Esq.  — This  paper  is  a  valuable  contribution  to  the  Mr-  Kent, 
knowledge  of  the  heating  value  of  some  of  the  most  important  Ameri- 
can coals,  and  Mr.  Hill  is  to  be  congratulated  on  having  presented  one 
of  the   most  important   papers  on  this   subject   which   has   yet   ap- 
peared. 

The  author  has  had  an  opportunity  which  few  engineers  have  ever 
obtained  of  making  a  systematic  series  of  tests  of  coals  mined  over  a 
wide  extent  of  territory,  with  conditions  under  his  control,  and  with 
facilities  for  making  both  chemical  and  calorimetric  tests. 

All  the  results  which  the  opportunity  offered  have  not  been  ob- 
tained by  the  author,  nor  has  he  drawn  all  the  conclusions  which 
might  have  been  drawn,  and  the  speaker  will  have  to  find  fault  with 
some  details  of  his  methods  and  with  some  of  his  figures. 

The  map,  Eig.  2,  showing  the  location  of  the  coal  fields,  is  especi- 
ally to  be  commended.  The  chief  factor  which  determines  the  heat- 
ing value  of  any  of  the  coals  mined  east  of  the  Mississippi  is  the  geo- 
graphical location  of  the  mine.  No  satisfactory  study  of  American 
coals  can  be  made  without  a  map  showing  the  location  of  the  mines. 

*This  discussion  (of  the  paper  by  John  W.  Hill,  M.  Am.  Soc.  C.  E.,  printed  in  Pro- 
ceedings for  April,  1899),  is  printed  in  Proceedings  in  order  that  the  views  expressed  may 
be  brought  before  all  members  of  the  Society  for  further  discussion.  (See  rules  for 
publication,  Proceedings,  Vol.  xxv,  p.  71.) 

Communications  on  this  subject  received  prior  to  June  23d,  1899,  will  be  printed  in 
a  later  number  of  Proceedings,  and  subsequently  the  whole  discussion  will  be  published 
in  Transactions. 
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Mr.  Kent.  In  regard  to  the  methods  of  testing,  the  author  was  fortunate  in 
having  an  internally  fired  boiler  which  could  be  driven  at  a  uniform 
rate  and  thus  keep  the  loss  by  radiation  practically  constant.  He  was 
unfortunate,  however,  in  having  the  rate  of  evaporation  between  5  and 
6  lbs.  per  square  foot  of  heating,  surface  per  hour,  so  high  as  to  be 
far  beyond  the  point  of  maximum  economical  performance.  He  was 
also  unfortunate  in  not  having  a  furnace  and  combustion  chamber  sur- 
rounded by  fire  brick,  which  would  have  been  of  great  assistance  in 
burning  completely  those  coals  which  had  over  over  30%  of  volatile 
matter. 

The  author  says: 

"  The  results  piven  in  the  tables  are  in  no  case  supposed  to  indi- 
cate the  best  possibilities  with  these  coals.  *  *  *  The  author  re- 
gards the  results  obtained  by  this  method  of  handling  the  coal  as  more 
satisfactory  to  the  buyers  and  users  of  coal  than  those  which  might 
have  been  obtained  by  expert  firemen. " 

The  results  are  certainly  below  the  best  possibilities  of  the  coals. 
They  could  not  be  anything  else,  with  the  boiler  driven  beyond 
its  economical  rating,  with  a  furnace  not  adapted  for  burning  the 
volatile  gases,  and  with  only  the  ordinary  firemen.  This  may  be 
satisfactory  to  the  buyer  and  user  of  the  coal,  but  it  should  not  be 
satisfactory  to  the  seller  of  the  coal  nor  to  an  engineer.  The  object  of 
the  tests  appears  to  have  been  to  determine  the  relative  value  of  the 
coals.  If  each  coal  had  been  tested  in  such  a  manner  as  to  develop  its 
best  possible  results,  with  a  clean  boiler,  with  expert  firemen  and  with 
a  boiler  not  over  driven,  the  results  then  could  be  taken  as  expressing 
the  true  relative  value  of  the  different  coals.  But  when  conditions  are 
unfavorable,  as  they  were  in  these  tests,  there  is  no  way  of  determining 
that  they  are  not  more  unfavorable  for  one  coal  than  for  another. 
Unfavorable  conditions  are  variable  conditions,  and  they  should  be 
avoided  in  testing  coals,  boilers  and  engines,  just  as  much  as  in  racing 
horses. 

An  example  of  the  effect  of  what  was  probably  variable  firing  is 
seen  in  the  figures  for  Pittsburg  coal,  for  the  item  "  pounds  of  steam 
from  and  at  212°  per  pound  of  combustible  "  in  Tables  Nos.  5  and  6. 


Name. 

Lump. 

Barge  Run. 

Mine  Run. 

Nut  and  Slack. 

9.54 
9.K7 

9.65 

9.64 
9.46 

*9.43 

9.25 
9.36 
9.24 
9.90 

9.24 

9.14 

9.34 

9.43 

There  can  be  no  doubt  that  these  coals  were  practically  of  the  same 
quality,  and  it  might  be  expected  that  these  14  tests  would  give  some 
knowledge  of  the  relative  value  of  different  sizes.  But  the  highest 
figures  are  given  by  the  Barge  Run  for  the  Brown  coal,  by  the  Lump 
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for  the  Catsburg,  by  tlie  Nut  and  Slack  for  the  Cincinnati,  and  by  Mr.  Kent, 
the  Mine  Run  for  the  Woods.     The  Brown  coal  is  about  '2%  better 
than  the  Woods,  if  judged  from  the  Barge  Run  tests;  but  1%  poorer 
than  the  AVoods,  if  judged  by  the  Mine  Run  tests. 

The  author  has  something  to  say  concerning  a  curve  which  the 
speaker  plotted  from  the  results  of  Mahler's  experiments  in  France  in 
1892. * 

The  speaker  will  not  undertake  at  present  a  defence  of  this  curve, 
but  will  only  say  that  the  results  presented  in  the  paper  have  not 
caused  him  to  modify  in  any  degree  the  latest  statements  he  has  made 
in  relation  to  it,  giving  the  limitations  of  its  usefulness. 

The  results  given  in  the  paper  will  now  be  taken  up  and  a  few  con- 
clusions drawn  therefrom. 

The  data  give  three  different  ways  of  estimating  the  probable  heat- 
ing value  of  the  several  coals:  (1)  The  determinations  by  the  Carpen- 
ter calorimeter,  (2)  the  approximations  by  the  use  of  the  speaker's 
curve,  and  (3)  the  results  of  the  boiler  tests.  Each  of  these  three 
methods  is  subject  to  error. 

The  Carpenter  calorimeter  is  by  no  means  recognized  as  being  as 
accurate  an  instrument  as  the  Mahler  calorimeter.  It  is  greatly  to  be 
regretted  that  Mr.  Hill  did  not  have  his  results  checked  by  Professor 
Lord,  at  Columbus,  with  his  Mahler  calorimeter.  The  standardizing 
and  the  manipulation  of  the  Carpenter  calorimeter  is  a  matter  of  great 
delicacy,  and  any  work  done  by  it,  to  have  scientific  value,  should  be 
done  by  an  expert. 

The  use  of  the  speaker's  curve  depends  on  accuracy  in  the  proxi- 
mate analysis  of  the  coal,  which  is  not  easy  to  obtain,  as  may  be 
found  by  sending  duplicate  samples  of  coal  to  three  or  more  chemists 
for  analysis.  The  sjseaker  does  not  claim  for  his  curve  a  greater  ap- 
proximation to  accuracy  than  3%,  even  when  the  analysis  is  accurate; 
and  it  is  liable  to  a  somewhat  greater  error  than  this  in  coals  that  are 
high  in  volatile  matter,  such  as  the  Pittsburg  and  Tbacker  coals. 

The  best  boiler  tests  are  subject  to  an  error  of  about  3%,  and,  as 
already  shown,  these  particular  boiler  tests  show  some  evidence  of 
having  even  larger  errors,  or,  more  properly,  larger  variations  from 
the  results  which  were  possible  under  the  given  conditions. 

There  is  a  strong  probability  that  the  efficiency  of  the  boiler, 
barring  unavoidable  variations  due  to  irregularity  of  firing  and  the 
ordinary  errors  of  a  test,  is  approximately  uniform  for  all  the  coals  of 
a  given  class,  and  if  we  assume  a  certain  efficiency  of  boiler  for  these 
tests,  we  will  arrive  thereby  at  an  approximation  to  the  heating  value 
of  the  coal.  There  can  be  no  such  error  in  this  method  as  there  is  ap- 
parently  in   the   calorimetric    results    obtained   by   Mr.    Hill.      For 

*  "Mineral  Industry,"  Vol.  I,  p.  97.  and  revised  with  the  addition  of  the  results  of 
Lord  and  Haas,  in  1898:  Transactions,  A.  I.  M.  E.,  Vol.  xxvii,  p.  955;  and  lYansactimtx, 
A.  S.  M.  E.,  Vol.  xx. 
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Mr.  Kent,  instance,  in  Table  No.  23  the  efficiency  of  the  boiler  when  testing 
Loup  Creek,  Mine  Run  coal  was  only  57.51%,  while  it  was  69. 09% 
with  the  Belmont  Splint,  Mine  Run,  or  over  20%  higher.  This  is  only 
partly  explained  by  the  poor  result  of  the  boiler  test  with  the  Loup 
Creek  coal,  and  it  must  be  largely  due  to  an  incorrect  calorimetric 
result  with  the  Belmont  coal. 

It  may  be  assumed,  for  the  purpose  of  this  study,  that  the  three 
different  estimates  of  the  heating  value  of  these  coals  are  of  equal 
credibility,  and  that  a  somewhat  near  approximation  to  their  true 
heating  value  can  be  obtained  by  averaging  the  three  estimates.  To 
obtain  a  convenient  approximation  to  the  heating  value  of  the  coal 
from  the  boiler  tests,  the  speaker  has  multiplied  the  figures  represent- 
ing the  evaporation  per  pound  of  combustible  by  1  500  for  the  Poca- 
hontas, New  River  and  Loup  Creek  coals,  and  by  1 600  for  all  the  other 
coals.  This  is  equivalent  to  assuming  a  boiler  efficiency  of  64.38% 
for  the  three  coals  first  named,  and  60.36%  for  the  other  coals*,  which 
is  a  fair  assumption,  since  the  three  coals  are  of  a  distinct  class,  semi- 
bituminous,  and  always,  in  internally  fired  boilers,  give  higher  effi- 
ciencies than  the  bituminous  coals. 

From  the  several  results  the  speaker  has  selected  the  best  obtained 
from  each  coal,  whether  Lump,  Barge  Run,  Mine  Run,  or  Nut  and  Slack, 
thus  giving  each  coal  the  advantage  of  the  best  showing  it  made.  This 
seems  to  be  only  fair  to  each  coal,  and  it  does  not  seem  fair  to  depre- 
ciate the  value  of  Loup  Creek,  which  gave  10. 63  lbs.  evaporation  in 
Lump  coal  by  crediting  it  with  the  extremely  low  figure  of  9. 13  for  the 
Mine  Run  coal,  which  was  no  doubt  due  to  improper  firing. 

Making  the  calculations  in  this  way,  the  results  given  in  Table  No. 
29  have  been  obtained. 

It  will  be  noticed  that  the  average  figures  in  column  4  show  a 
much  higher  degree  of  uniformity  than  the  figures  in  columns  1  and 
3,  and  a  somewhat  higher  degree  of  uniformity  than  the  figures  in 
column  2.  The  last  three  columns  show  the  differences  of  columns 
1,  2  and  3  from  the  average.  Comparing  these  figures  of  differences 
the  following  results  are  found:  Of  the  twenty-three  coals  the  max- 
imum difference  between  the  average  and  the  three  individual  results 
for  each  coal  occurs  15  times  in  column  5,  representing  the  variation  of 
the  Carpenter  calorimeter  results  from  the  average;  once  in  column  6, 
representing  the  variation  of  the  results  obtained  by  the  Kent  curve 
from  the  average;  and  7  times  in  column  7,  representing  the  variation 
between  the  boiler  test  results  and  the  average.  The  minimum  differ- 
ence, or  the  nearest  approximation  to  the  average  value,  occurs  7  times 
in  column  5,  11  times  in  column  6,  and  5  times  in  column  7.     The 

*10  lbs.  evaporation  X  1500  =  15  000  B.  T.  U. 
10  X  965.7  -~  15  000  =  64.38  X  . 
10  lbs.  evaporation  X  1  600  —  16  000  B.  T.  U. 
10  X  965.7  -^  16  000  =  60.36.V. 
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average  difference  is  418  in  column  5,  239  in  column  6,  and  339  in  col-  Mr.  Kent, 
umn  7. 

Thus,  by  three  different  methods  of  comparison  the  Kent  curve 
shows  a  closer  approximation  than  either  the  calorimeter  or  the  boiler 
test  to  the  average  heating  values  obtained  from  the  three  different 
methods  of  estimation. 

TABLE  No.  29. — B.  T.  U.  per  Pound  of  Combustible. 


1 

3 

3 

4: 

5 

6 

7 

By  Cal- 
orimeter. 

ByKent's 
curve. 

By  boiler 
test.* 

Average. 

Average  greater  or 
less  than 

1 

3 

3 

Pittsburg,  Brown,  2d  Pool 

Catsburg,     3d 

Pool 

14  381 
14  317 

14  036 

14  313 

15  757 
15  336 
15  456 
15  653 
15  440 
15  589 
15  448 

14  693 

15  554 

14  968 

15  008 

14  789 

15  033 

14  625 

15  422 
14  761 
14  086 
14  686 
13  262 

15  670 

15  260 

15  270 
15  350 
15  840 
15  845 
15  840 
15  470 

14  780 

15  460 
15  490 
15  375 
15  400 
15  345 
15  380 
1  1   6911 
15  300 
15  500 
15  120 
15  380 
15  210 

14  510 

15  275 

15  427 
15  784 

14  950 

15  847 

16  167 
15  950 
15  905 
15  909 

15  766 

16  296 
15  501 

15  853 

16  205 
15  686 
15  487 
15  455 
15  331 
15  798 
15  746 
15  322 

14  921 

15  050 
15  076 

15  159 

15  120 

15  073+ 
15  137 
15  921 
15  710 
15  734 
15  677 
15  339 
15  782 
15  480 
15  307 
15  720 
15  333 
15  292 

14  978 

15  218 
15  308 
15  429 
15  154 
14  739 
14  749 
14  538 

778 

803 

1  037 
924 
174 
374 
278 

24 

—111 

193 

32 
614 
166 
365 
284 
189 
196 
683 
7 
393 
653 

63 
1  276 

—511 

—140 

—197 

—213 

81 

—135 

—106 

207 

549 

322 

—  10 

—  68 
320 

—  12 

—  88 
288 

—  82 
—192 

309 
—226 
—471 

239 
—737 

—268 
—664 

"           Cincinnati,  3d 
Pool 

123 

Woods,  4th... 

—710 
—246 

Loup  Creek 

—240 

—171 

Kanawha  Steam 

—232 

-437 

Acme 

—514 

Keystone 

—  21 

—546 

Thacker 

-485 

Logan,  Cons.  Thacker 

Campbell's  Creek 

—353 
—195 

-^77 

Monongah 

—113 

—490 

Cedar  Grove 

—317 

Mt.  Carbon 

—168 

Chesapeake 

—182 

Coalburg 

-301 

Belmont  Splint 

—538 

*  Calculated  by  multiplying  the  pounds  of  steam  from  and  at  212°  by  1500  for  the 
New  River,  Loup  Creek  and  Pocahontas  coals,  and  by  1  600  for  all  the  other  coals.  This 
is  equivalent  to  assuming  a  boiler  efficiency  of  64.5%  for  the  three  coals  named  and  60.4^ 
for  the  other  coals. 

+  Average  of  columns  2  and  3  only,  the  figures  in  column  1  being  considered  incredi- 
ble. 


The  speaker  appends  the  following  remarks,  as  showing  the  conclu- 
sions he  has  reached  from  earlier  studies  in  relation  to  the  heating 
values  of  semi-bituminous  and  bituminous  coals  mined  in  different 
districts,  which  conclusions  are  confirmed  by  this  study  of  Mr.  Hill's 
paper. 

Draw  a  line  northeasterly  from  the  Pocahontas  field,  shown  at  No.  6 
on  the  map,  Fig.  2,  on  the  boundary  line  between  Virginia  and  West 
Virginia,  through  Maryland  a  little  west  of  Cumberland  and  through 
Somerset,  Cambria  and  Clearfield  counties  in  Pennsylvania.  This 
line,  250  miles  in  length,  will  pass  through  the  coal  fields  containing 
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Mr.  Kent,  the  best  steam  coals  mined  in  the  United  States.  A  remarkable  feature 
of  these  coals  is  their  uniformity  in  chemical  composition,  their  com- 
bustible portion  varying  only  within  2  or  3%  from  80%  fixed  carbon 
and  20%  volatile  matter.  The  heating  power  is  likewise  remarkably 
uniform,  averaging  15  750  B.  T.  U.  per  pound  of  combustible,  with  a 
probable  maximum  variation  of  not  over  2%  on  each  side  of  this 
figure.  The  asb  and  moisture  of  all  the  coals  along  this  line  are  also 
very  low,  the  ash  varying  no  doubt  with  the  care  used  in  preparing  the 
coal  for  market  at  the  individual  mines.  These  coals  are  properly 
classed  as  semi-bituminous. 

Traveling  northwestwardly,  at  right  angles  to  and  from  any  point 
on  this  line,  it  is  found  that  the  coal  gradually  increases  in  volatile 
matter,  and  decreases  in  heating  value.  In  the  coals  mined  on  the  line 
the  volatile  matter  is  only  about  20%  of  the  total  weight  of  the  com- 
bustible, but  it  is  all  nearly  of  the  composition  of  marsh  gas,  C  H4, 
having  but  little  oxygen;  and  every  pound  of  it  is  worth  nearly  1^  lbs. 
of  carbon.  Further  to  the  northwest,  however,  while  the  propor- 
tion of  volatile  matter  increases,  it  becomes  of  poorer  quality,  being 
higher  in  oxygen.  In  some  parts  of  Ohio  the  volatile  matter  is 
worth  no  more  per  pound  than  carbon,  and  in  most  Illinois  coals  it  is 
worth  less. 

Referring  to  the  map,  Fig.  2,  it  is  found  that,  with  the  exception 
of  the  Jackson,  Ohio,  and  Jellico,  Kentucky  and  Tennessee  coals, 
of  which  the  author  had  only  a  few  samples,  nearly  all  the  coals  tested 
by  him  were  mined  not  very  far  distant  from  the  northeast  and  south- 
west line  described.  The  Pocahontas,  New  River  and  Loup  Creek 
coals  are  on  the  line,  and  their  heating  value  averages  approximately 
15  800  B.  T.  U.  per  pound  of  combustible.  The  Pittsburg,  Monongah, 
Winef  rede  and  Kanawha,  and  Thacker  fields  lie  at  some  distance  to 
the  northwest  of  the  line.  The  Pittsburg  coals  are  the  farthest  away 
from  the  line,  and  their  probable  average  heating  value  is  15  100 
B.  T.  U.  All  the  other  coals,  of  the  fields  previously  named,  from 
Fayette,  Kanawha  and  Mingo  counties,  West  Virginia,  from  sixteen 
different  mines,  scattered  along  a  northeast  and  southwest  line  over 
150  miles  in  length,  have  a  heating  value  the  entire  range  of  which, 
(omitting  the  Belmont  Splint  coal,  the  apparent  average  heating  value 
of  which  is  no  doubt  too  low),  is  only  between  the  figures  14  739  and 
15  782  B.  T.  U.  per  pound  of  combustible.  The  average  of  these 
figures  is  15  260  B.  T.  U.,  and  the  rauge  on  either  side  of  this  average 
is  only  3.4  per  cent.  This  result  is  a  confirmation  of  the  conchision 
reached  by  Professors  Lord  and  Haas  in  their  paper  in  the  Transac- 
tions of  the  American  Institute  of  Mining  Engineers,  to  the  effect  that 
the  coals  mined  in  a  given  seam,  over  a  considerable  area  of  territory, 
have  a  substantially  uniform  heating  value  per  pound  of  the  com- 
bustible portion. 
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Note.— Memoirs  will  hereafter  be  reproduced  in  the  Volumes  of  Transactions.  Any 
information  which  will  amplify  the  records  as  here  printed,  or  correct  any  errors,  should 
be  forwarded  to  the  Secretary  prior  to  the  final  publication. 


WATERMAN  STONE,  Assoc.  Am.  Soc.  C.  E* 


Died  Makch  30th,  1896. 


Waterman  Stone  was  the  eldest  son  of  Lemuel  M.  E.  Stone,  one  of 
the  engineers  engaged  in  early  railroad  work  in  New  England,  and 
was  born  in  Cumberland,  E.  I.,  March  10th,  1S47.  His  engineering- 
training  was  under  his  father's  direction.  In  1871  he  succeeded  his 
father  as  Superintendent  and  Engineer  of  the  Providence,  Warren  and 
Bristol  Railroad,  and  during  the  eighteen  years  he  held  this  position  he 
designed  and  supervised  all  the  improvements  made  on  the  road.  The 
most  notable  of  these  was  the  construction  of  a  curve  of  211  ft.  radius 
in  the  main  line,  just  outside  the  City  of  Providence,  R.  I.,  to  enable 
trains  to  enter  and  leave  the  city  head  on.  A  bluff  130  ft.  high  rose 
from  the  East  Providence  shore  of  the  Blackstone  River  at  the  point 
where  the  railroad  crossed,  and  since  the  construction  of  the  road,  trains 
had  been  run  on  a  Y-track  above  the  bridge,  and  were  pushed  in  and 
out  of  the  city.  Mr.  Stone  put  in  a  27°  20 '-curve  between  the  river's 
edge  and  the  bluff.  A  modified  Fairlie  type  of  locomotive  was  built  to 
haul  trains  around  this  curve  and  standard  eight-wheel  American  type 
locomotives  were  also  run  over  it.  The  forward  pair  of  driving-wheels  of 
such  engines  was  equipped  with  blank  tires  with  a  width  of  tread  of  7  ins., 
and  third  and  fourth  rails  were  laid  on  the  curve  for  the  blank  tires. 

On  the  absorption  of  the  Providence,  Warren  and  Bristol  Railroad 
by  the  Old  Colony  system,  Mr.  Stone  removed  to  Kansas  City,  Mo., 
where  he  became  Superintendent  of  the  Inter- State  Rapid  Transit  Rail- 
road. This  was  a  cable  railway,  but  during  the  four  years  of  his  ser- 
vice electric  traction  was  installed.  Returning  to  the  East,  Mr.  Stone 
began  practice  as  a  consulting  engineer,  with  especial  reference  to 
'  electric  railroads.  He  had  built  several  roads  and  was  engaged  upon 
others  at  the  time  of  his  death. 

Mr.  Stone  was  a  man  of  sterling  character,  and  his  kindly  dispo- 
sition and  love  of  fair  play  made  him  as  popular  with  his  employees  as 
with  his  more  general  acquaintance.  Of  mathematical  tendency,  he 
was  an  earnest  student  in  fields  not  bounded  by  his  professional 
practice.  He  was  elected  an  Associate  of  the  American  Society  of  Civil 
Engineers,  December  1st,  1886.  While  in  the  West  he  was  Secretary 
and  Treasurer  of  the  Engineers'  Club  of  Kansas  City,  and  he  was  the 
first  Secretary  of  the  American  Society  of  Railroad  Superintendents. 

*  Memoir  prepared  by  the  Secretary  from  information  furnished  through  E.  P. 
Dawley,  M.  Am.  Soc.  C.  E.,  and  from  papers  on  file. 
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WILLIAM  GARNETT  WILLIAMSON.  M.  Am.  Soc.  C.  E.* 


Died  August  2d,  1898. 


William  Garnett  Williamson,  eldest  son  of  General  Thomas  H.  ami 
Louisa  Garnett  Williamson,  was  born  in  Norfolk,  Va. ,  December  13tla, 
1840.  He  attended  Fuller's  Classical  School,  of  Lexington,  Va.,  and  then 
entered  Washington  College  (now  Washington  and  Lee  University), 
Lexington.  Va.,  from  which  he  was  gi-aduated  in  1859,  with  the  degree 
of  B.  A.  He  was  afterward  privately  instructed  in  Civil  Engineering 
by  his  father,  who,  for  nearly  fifty  years,  was  Professor  of  Engineering 
at  the  Virginia  Military  Institute.  His  first  service  as  an  engineer  was 
with  General  Robert  E.  Rodes  upon  railroads  in  Alabama.  At  the  break- 
ing out  of  the  Civil  War  he  volunteered  in  the  Confederate  Army  as  a 
private  in  the  college  company,  but  was  soon  transferred  to  the  Rock- 
bridge Artillery,  and  served  with  that  battery  under  Captain,  afterward 
General,  WT.  N.  Pendleton  until  he  was  appointed  a  Lieutenant  of  Engi- 
neers and  assigned  to  the  command  of  General  Stonewall  Jackson.  Cap- 
tain Pendleton  was  the  Rector  of  Grace  Church,  Lexington,  and  some  of 
Mr.  Williamson's  earlier  military  service  was  thus  with  his  friend,  his 
pastor  and  the  instructor  of  his  boyhood.  As  First  Lieutenant  of 
Engineers,  Mr.  WTilliamson  was  assigned  to  the  First  Regiment  of 
Engineer  Troops,  C.  S.  A.  (commanded  by  Colonel  T.  M.  R.  Talcott), 
of  the  Army  of  Northern  Virginia.  He  was  subsequently  promoted  to 
the  Captaincy  of  Company  F  of  that  regiment,  and  served  with  it  until 
the  surrender  at  Appomattox  Court  House,  where  he  was  paroled. 

After  the  war  Mr.  Williamson  went  to  Mexico  and  there  engaged  in 
the  construction  of  the  railroad  between  Vera  Cruz  and  the  City  of 
Mexico,  of  which  Colonel  Andrew  Talcott,  father  of  his  regimental 
commander,  was  the  Chief  Engineer.  Returning  to  Virginia  in  1867 
he  was  for  six  years  engaged  in  railroad  work  in  Virginia,  North  Caro- 
lina and  Kentucky.  From  1871  to  1873  he  was  in  charge  of  the 
construction  of  shops,  depots  and  yards,  for  the  Chesapeake  and  Ohio 
Railroad,  at  Huntington,  WT.  Va. ,  and  was  Division  Engineer  of  the 
road.  From  1874  to  1876  he  was  Assistant  Engineer  on  the  Tennessee 
River  surveys.  Returning  to  railroad  work,  a  year  was  passed  in  the 
service  of  the  Buchanan  and  Clifton  Forge  Railroad  in  Virginia,  as 
Division  Engineer,  and  in  1878  he  was  again  in  the  Government  service 
as  Assistant  Engineer  on  survey  work  in  Currituck  Sound,  NT.  C,  the 
Nattoway,  Chowan  and  Tar  Rivers.  In  1879-1880,  he  was  with  the 
Richmond  and  Danville  (now  the  Southern)  Railroad  as  Engineer  of 
Bridges,  under  Colonel  Henry  T.  Douglas,  M.  Am.  Soc.  C.  E.,  with 
whom  he  was  associated  for  several  years.  From  1880  to  1882  he  was 
Assistant  Engineer  with  the  late  General  Quincy  A.  Gillmore,  M.  Am. 

*  .Memoir  prepared  by  the  Secretary  from  information  furnished  by  W.  E.  Cut- 
shaw,  William  Cain  and  Geo.  G.  Earl,  Members,  Am.  Soc.  C.  E.,  and  from  papers  on  file. 
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Soc.  C.  E.,  in  the  United  States  Survey  of  the  Altamaha  and  Canoochee 
Rivers  in  Georgia,  and  later  was  Assistant  Engineer  on  the  survey  of 
the  Cahaba  Coal  Field,  in  Alabama. 

He  next  undertook  the  construction  of  a  sewerage  system  for 
Montgomery,  Ala.,  from  the  plans  of  Rudolph  Hering,  M.  Am.  Soc. 
C.  E.  After  the  completion  of  these  sewers,  in  1883,  he  was  elected 
City  Engineer  of  Montgomery,  and  inaugurated  a  plan  of  improve- 
ments for  that  city.  The  work  of  a  city  engineer  did  not  suit  his 
sensitive  nature,  and  in  1888  he  resigned  this  position  and  again 
entered  the  government  service  as  United  States  Civil  Assistant  En- 
gineer on  the  Alabama  River  under  Captain  Hoxie,  where  he  remained 
about  one  year.  In  1888  he  opened  an  office  in  Montgomery,  Ala.,  for 
general  engineering  work,  in  which  venture  George  G.  Earl,  M.  Am. 
Soc.  C.  E.,  was  associated  with  him.  The  firm  continued  for  only 
about  two  years,  during  which  time  sewer  design  and  construction  and 
water-works  extension  for  Americus,  Ga.,  and  sewerage  plans  for 
Columbus,  Ga. ,  were  undertaken.  Mr.  Williamson  had  other  work  in 
hand  at  the  same  time,  including  sewerage  plans  for  Sheffield,  Ala., 
and  the  improvement  of  the  grounds  of  the  Alabama  State  Capitol. 
Government  work  and  surveys,  where  he  could  be  surrounded  by 
friends,  were  always  attractive  to  Mr.  Williamson,  and  hence,  in  1891, 
he  went  with  the  United  States  Engineers  on  river  and  harbor  work 
again.  He  was  engaged  under  Major  F.  A.  Mahan  as  United  States 
Civil  Assistant  Engineer  on  the  Coosa  River,  where  he  remained  until 
the  war  with  Spain  began,  when  he  was  transferred  to  Pensacola,  Fla. , 
and  had  charge  of  work  upon  fortifications  and  harbor  defences. 
While  upon  this  work  the  climate  and  overwork  brought  on  an  attack 
of  dysentery  which  resulted  in  his  death. 

Mr.  Williamson  was  descended  from  English  ancestors  through  a 
line  of  distinguished  Virginians.  He  was  an  engineer  of  more  than 
usual  ability,  both  in  theory  and  in  practice,  a  better  mathematician 
than  most  engineers  of  ante-bellum  college  training,  precise  in  every- 
thing and  an  excellent  draftsman.  He  was  devoted  to  his  profession 
and  untiring  in  his  duties,  a  man  of  varied  experience,  and,  in  the 
words  of  one  who  was  associated  with  him,  "so  honorable  in  every 
relation  of  life,  particularly  professionally,  that  there  would  be  no 
need  of  a  code  of  ethics  in  the  profession,  were  all  its  members  but 
one-half  so  far  above  temptation  as  was  Captain  Williamson."  An- 
other engineer  writes  of  him  as  "  one  of  the  most  open-hearted  and 
lovable  of  men,  honest  and  true  to  a  fault,  and,  withal,  a  man  of 
uncompromising  principle."  He  married  Miss  Rettie  Cralle,  of  Hunt- 
ington, W.  Va. ,  October  10th,  1873,  and  she  and  seven  children  survive 
him. 

Mr.  Williamson  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  April  4th,  1883. 
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THOMAS  SPARKS  BISHOP,  M.  Am.  Soc.  C.  E* 


Died  November  13th,  1898. 


Thomas  Sparks  Bishop  was  born  March  12th,  1846,  near  Columbus, 
Burlington  Count y,  N.  J.  His  father  was  a  farmer,  and  his  early  educa- 
tional facilities  were  such  as  were  usually  afforded  by  the  ordinary 
country  public  and  private  schools.  Before  entering  college  he  was  a 
pupil  at  Westtown  Boarding  School  near  Westchester,  Pa. 

He  entered  the  Philadelphia  Polytechnical  College  September,  1864, 
and  [was  graduated  as  Civil  Engineer  in  June,  1866.  The  Master's 
degree  was  conferred  upon  him  in  1869.  Early  in  the  succeeding  Au- 
gust he  was  appointed  Rodman  on  the  engineer  corps  of  the  Camden 
and  Amboy  Railroad,  and  was  engaged  in  the  location  and  construction 
of  the  Pemberton  and  Hightstown,  and  Camden  and'Burlington  County 
railroads  until  their  coinjxletion,  about  a  year  and  a  half  later. 

In  March,  1868,  he  was  appointed  Assistant  Engineer  of  the  Free- 
hold and  Squankum  Marl  Company's  Railroad,  after  the  location  of 
which,  in  June  of  that  year,  he  was  recalled  to  the  main  line  of  the 
Camden  and  Amboy  Railroad  in  the  capacity  of  Assistant  Engineer. 
In  addition  to  his  other  duties  there,  he  had  charge  until  January,  1872, 
of  the  location  and  construction  of  various  branch  railroads.  During 
this  time,  however,  he  was  detailed  as  Resident  Engineer  to  take  charge 
of  the  construction  of  the  inclined  plane  machinery,  etc.,  of  the  Bing- 
ham Mining  and  Lumber  Company  at  Renovo  on  the  Philadelphia  and 
Erie  Railroad,  where  he  was  engaged  from  September  to  December,  1868. 

In  January,  1872,  after  the  lease  of  the  works  of  the  United  Com- 
panies by  the  Pennsylvania  Railroad  Company,  he  was  appointed 
Assistant  Engineer  of  Construction  on  the  United  Railroads  of  New 
Jersey  Division,  and  in  December  of  that  year  was  assigned  as  engi- 
neer in  charge  of  the  improvements  at  Harsimus  Cove  and  Bergen 
Hill,  at  Jersey  City.  Upon  their  completion  in  January,  1875,  he  was 
transferred  to  Trenton,  N.  J.,  where  he  made  re-surveys  of  the  varioiis 
railroads  of  the  United  Railroads  of  New  Jersey  Division  for  the  real 
estate  and  maintenance  of  way  departments,  until  May,  1880,  when  he 
resigned  to  accept  an  appointment  as  engineer  with  the  Russell  & 
Erwin  Manufacturing  Company  at  New  Britain,  Conn.  He  served  in 
that  capacity  for  eighteen  years,  resigning  his  position  June  1st,  1898, 
to  devote  his  attention  to  private  practice  as  a  civil  engineer  and  sur- 
veyor, with  headquarters  at  New  Britain,  Conn. 

Mr.  Bishop  was  married  in  November,  1873,  and  was  elected  a 
Member  of  this  Society  September  2d,  1885. 

*  Memoir  prepared  by  T.  Sparks  Bishop,  Esq.,  from  autobiographical  data  left  by 
his  father. 
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FREDERICK  HENRY  SMITH,  M.  Am.  Soc.  C.  E.* 


Died  December  24th,  1898. 


Frederick  Henry  Smith  was  born  in  Pittsburg,  Pa.,  on  November 
10th,  1839,  and  there  his  early  schooling  was  effected.  At  the  age  of 
thirteen  he  went  with  his  uncle,  Col.  James  Shaler,  to  Lake  Superior, 
where,  as  a  boy,  in  immediate  contact  with  some  of  the  great  mining 
industries,  he  acquired  his  taste  for  geology  and  mineralogy.  When 
but  sixteen  years  of  age  he  entered  the  engineering  service  of  the 
Louisville  and  Nashville  Railroad,  under  the  late  George  MacLeod, 
C.  E.,  and  continued  in  this  field  until  the  breaking  out  of  the  Civil 
War,  when  he  became  a  military  engineer  in  the  service  of  the  Con- 
federate States. 

Here,  besides  serving  on  strictly  military  duty,  he  was  detailed 
to  the  Niter  and  Mining  Bureau,  where  he  devoted  his  energy  to  the 
production  of  saltpeter  and  other  material  required  for  munitions  of 
war.  The  caves  of  Alabama,  Georgia  and  Tennessee  were  ransacked, 
under  his  guidance,  for  niter  to  supply  the  powder-mills.  He  was 
also  engaged  during  the  war  in  rehabilitating  some  of  the  old  and 
disused  iron-smelting  furnaces,  and  in  other  metallurgical  work. 

At  the  close  of  the  war,  Captain  Smith  turned  his  varied  experience 
to  the  practice  of  civil  engineering,  and,  establishing  himself  at  Balti- 
more, Md.,  became  a  member  of  The  Baltimore  Bridge  Company. 
This  connection  was  terminated  in  1873,  Captain  Smith  continuing 
his  practice  at  Baltimore,  and  devoting  much  of  his  time  to  the  de- 
sign and  erection  of  bridges.  He  became  Engineer  of  Bridges  to 
the  City  of  Baltimore,  and  Consulting  Engineer  for  the  railroads  of 
the  Seaboard  Air  Line.  In  both  these  capacities  he  executed  some 
excellent  examples,  among  others  the  handsome  stone  arched  North 
Avenue  Viaduct,  in  the  City  of  Baltimore,  which  is  likely  long  to  re- 
main as  a  monument  to  his  professional  ability. 

His  interest  in  geology  and  mineralogy  led  him  to  employ  such 
brief  intervals  of  leisure  as  came  to  him  in  the  preparation  of  a 
popular  hand-book,  entitled  "Pocket  Geologist  and  Book  of  Min- 
erals, "which  he  published  in  1877.  This  was  revised  and  republished 
in  1882  as  "Rocks,  Minerals  and  Stocks."  In  1890,  he  published  the 
"Pocket  Geologist  and  Mineralogist,"  and  in  1895,  "Smith's  Hand- 
Book  of  Valuable  Minerals:  What  They  Are;  What  They  Look  Like; 
Where  To  Look  for  Them,"  a  duodecimo  of  238  pages.  These  small 
volumes  are  full  of  useful  and  practical  information  for  the  prospector 
and  miner,  and  contain  in  pocket  forni  much  valuable  matter  in  rela- 
tion to  rocks  and  minerals. 

*  Memoir  prepared  by  Mendes  Cohen  arid  C.  H.  Latrobe,  Members,  Am.  Soc.  C.  E. 
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During  the  last  year  of  Ms  life,  he  was  the  engineer  member  of  the 
State  Board  of  Health  of  Maryland,  where  his  general  knowledge  and 
experience  made  him  an  efficient  member,  whose  opinions  were  highly 
valued  by  his  colleagues. 

Mr.  Smith's  health  broke  down  completely  several  years  before  his 
death,  but  notwithstanding  constant  suffering,  his  fortitude,  energy 
and  patient  good  humor,  sustained  him  to  the  last.  He  became  a 
Member  of  the  American  Society  of  Civil  Engineers  on  February  21st, 
1872,  and  although  he  never  took  a  very  active  part  in  the  delibera- 
tions of  the  Society,  yet  he  was  always  esteemed  a  valued  member. 
He  married  on  December  27th,  1870,  Miss  Elizabeth  Gairdner,  of 
Augusta,  Ga. ,  who,  with  two  sons  and  one  daughter,  survives  him.  He 
passed  away  quietly  and  peacefully,  much  regretted  by  those  who 
who  knew  him  best. 
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SAMUEL  KILLEBREW,  M.  Am.  Soc.  C.  E  * 


Died  January  9th,  1899. 


Samuel  Killebrew,  son  of  George  W.  and  Mary  A.  Killebrew,  "was 
born  near  Oak  Grove,  Christian  County,  Ky.,May  14th,  1840.  From 
early  childhood,  he  manifested  a  taste  for  mathematics,  which  his 
parents  encouraged  and  cultivated,  placing  him  under  the  care  of  the 
best  teachers  in  the  vicinity  of  their  home  and  giving  him  a  thorough 
preparation  for  college.  He  entered  college  at  Russellville,  Ky.,  in 
January,  1856,  and  remained  two  years,  leaving,  to  assume  his  first 
work  in  the  line  of  his  chosen  profession. 

He  began  his  career  in  engineering  as  rodman  under  Col.  George 
B.  Fleece,  Chief  Engineer  of  the  old  Memphis,  Clarksville  and  Louis- 
ville Railroad  in  1859.  Mr.  John  B.  Tapscott,  who  was  in  charge  of 
the  division  on  which  he  was  employed,  says  of  him: 

"He  was  a  country  boy  of  rough  exterior  and  looked  as  if  he  could 
manage  a  plow  team  or  split  a  rail  better  than  he  could  manipulate  a 
transit  or  level.  In  less  than  two  weeks  I  found  my  country  boy  was 
far  from  being  a  bumpkin,  but  was  a  close,  observing,  accurate  and 
valuable  assistant." 

He  continued  in  the  work  until  the  Civil  War  began,  when  he  left 
the  railroad  to  serve  the  Confederate  Government.  In  1870  to  1878 
he  was  employed  in  various  capacities  in  the  location  and  construc- 
tion of  the  Brownsville  and  Ohio  Railroad  in  Tennessee,  his  continued 
advancement  from  rodman  on  preliminary  survey  to  responsible  charge 
of  construction  bearing  evidence  of  his  energy  and  ability. 

In  1881  he  was  appointed  Assistant  Engineer  of  the  Galveston, 
Harrisburg  and  San  Antonio  Railway,  then  being  built  from  San  An- 
tonio, Texas,  westward  to  a  connection  with  the  Southern  Pacific,  and 
was  assigned  to  duty  as  instrument  man  in  a  locating  party.  It  was 
on  this  work  that  the  writer  first  met  him,  and  here  began  a  friendship 
Avhich  only  terminated  with  his  death.  As  is  often  the  case  when  a 
new  man  joins  a  party  that  has  been  in  the  field  for  some  time,  Mr. 
Killebrew  was  not  welcomed  with  much  cordiality  by  some  of  the 
members  of  the  party.  On  one  occasion,  the  engineer  in  charge  being 
on  reconnoissance  and  Mr.  Killebrew  being  in  charge,  there  was  an 
open  revolt  against  his  orders.  The  manner  in  which  he  handled 
this  trouble  showed  a  firmness  that  would  not  permit  trifling,  but 
withal  a  kindly  spirit  of  forgiveness  that  won  for  him  the  good  will 
and  respect  of  all  the  party.  Not  long  after  this  "the  Major  "  was 
the  most  popular  man  in  the  party  and  he  was  never  troubled  again. 

At  this  time  it  was  found  very  difficult  to  get  a  location  over  a 
certain  summit,  with  the  adopted  gradient,  and  while  the  party  was 
*  Memoir  prepared  by  E.  B.  Cushing,  M.  Am.  Soc.  C.  E. 
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on  this  work,  Major  Killebrew  was  detached  from  the  regular  corps  to 
assist  in  reconnoissance.  With  a  corps  of  only  two  men,  and  with 
only  a  surveyor's  compass  and  chain  he  worked  out  a  line  that  was 
located  and  built  upon.  This  was  the  opportunity  that  demonstrated 
his  ability,  and  Major  Converse,  the  Chief  Engineer,  gave  him  charge 
of  a  party  on  another  location.  During  the  year  that  followed  he 
located  a  Line  to  Fredericksburg,  Texas,  70  miles,  and  from  La 
Grange  to  Bastrop,  Texas,  35  miles.  Though  the  company  for  which 
these  lines  were  located  did  not  build  them,  yet  other  corporations 
have  since  constructed  the  roads.  Notwithstanding  they  had  the 
best  engineering  talent,  their  constructed  line  does  not  vary  appreci- 
ably from  Mr.  Killebrew's  stakes. 

In  1882,  when  Mr.  C.  P.  Huntington  and  his  associates  decided  to 
build  into  Mexico,  Major  Converse  was  asked  to  recommend  a  man 
to  locate  the  line.  He  sent  Mr.  Killebrew  to  New  York,  and  Mr. 
Huntington,  with  his  good  judgment  of  human  nature,  at  once  em- 
ployed him.  This  may  be  called  Mr.  Killebrew's  life  work  and  his 
monument.  Beginning  at  Piedras  Negras,  Mexico,  in  the  middle  of 
a  hot  summer  to  locate  a  line  through  a  foreign  country,  the  inhabit- 
ants of  which  were  not  generally  friendly  to  "  Griugo  "  intrusion,  the 
language,  customs  and  laws  being  entirely  new,  and  the  water,  food  and 
forage  supplies  being  meager,  he  was  beset  from  the  first  with  diffi- 
culties that  were  extremely  trying.  With  no  precedents  to  guide  him 
and  with  imperfect  and  unsatisfactory  maps  to  indicate  his  course, 
he  started  his  work  with  the  same  confidence  and  cheerfulness  he  had 
displayed  in  former  undertakings.  Mounting  his  mustang  pony,  his 
little  compass  and  hand  level  in  his  saddle  bags,  he  bade  us  farewell 
and  started  for  the  mountains.  When,  in  ten  days,  he  returned  the 
general  line  of  the  Mexican  International  Railroad,  over  the  first 
mountain  pass,  as  it  is  to-day  operated,  was  determined. 

This  line,  as  constructed,  has  several  mountain  summits  to  over- 
come and  stream  crossings  to  make,  the  detail  location  of  which  in- 
volved some  prompt  decisions  on  general  points,  as  well  as  nice 
adjustments  as  to  details.  In  addition  to  this,  the  location  was  made 
through  a  country  where  adequate  food  and  water  supply  was  want- 
ing. There  were  frequent  depredations  by  roving  bands  of  Indians 
or  by  natives  disguised  as  Indians,  who  were  worse  than  the  originals. 
The  question  of  properly  maintaining  a  party  was  often  as  trying  as 
the  work  itself.  During  all  this  time  Mr.  Killebrew  never  once  lost 
his  control  of  the  situation,  but  anticipated  and  provided  for  prob- 
able emergencies,  spending  much  of  his  own  time  long  distances 
ahead,  looking  out  the  way,  and  between  the  preliminary  corps  and 
the  locating  party,  which  were  generally  25  to  40  miles  apart.  His 
presence  around  the  camp  fire  encouraged  the  men,  and  his  wonder- 
ful grasp  and  memory  of  topography  rendered  easy  the  work  of  his 
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assistant  engineers.  He  never  permitted  a  party  to  leave  a  district 
between  two  controlling  points  until  both  the  assistant  engineer  in 
charge  and  himself  were  satisfied  that  the  line  in  detail  was  where  it 
should  be  and  no  considerable  improvement  was  possible. 

On  one  occasion,  the  owners  of  the  property  and  their  consulting 
engineer  were  anxious  to  build  the  road  as  close  as  possible  to  a  certain 
town.  Mr.  Killebrew  abandoned  all  work  ahead  and  ordered  both  his 
corps  to  the  work  of  modifying  the  line,  assigning  one  party  to  each 
side  of  the  river  and  directing  both  in  person.  When  the  final  deter- 
mination was  made,  it  was  after  every  available  route  had  been  tried. 
The  line,  however,  was  not  satisfactory,  and  as  the  construction  ad- 
vanced, other  engineers  were  detailed  to  get  one  nearer  in.  Major 
Killebrew  heard  of  this,  but  instead  of  being  hurt,  he  said :  "  I  hope 
they  will  get  what  is  wanted,  but  I  am  afraid  they  will  not. "  The  road 
was  built  on  the  Killebrew  line. 

He  remained  with  this  company  until  all  its  projects  had  been 
explored  and  much  of  the  line  built.  In  1889  he  was  employed  by  the 
Mexican  Pacific  Eailway  in  a  very  difficult  location  on  the  Atlantic- 
side  of  the  mountains,  in  Southern  Mexico.  This  location  led  to  the 
head  of  navigation  on  the  Grijalva  Eiver,  at  San  Juan  Bautista.  A 
portion  extended  through  a  mountain  range  entirely  unknown,  and  as 
the  coast  was  approached,  the  route  lay  through  swamps  and  a  dense 
tropical  jungle,  in  which  life  was  made  a  burden  by  the  swarms  of 
stinging  insects  and  the  dangers  of  bites  from  venemous  reptiles.  His 
principal  assistant,  Arthur  C.  Wheatley,  Assoc.  M.  Am.  Soc.  C.  E. , 
writing  of  this  work  says:  "He  was  always  cheerful  and  encourag- 
ing in  spite  of  the  dangers,  difficulties  and  sickness  which  surrounded 
us."  On  the  completion  of  this  work  he  returned  to  his  home  in 
Brownsville,  Tenn. 

When  the  Mexican  International  decided  on  further  extensions,  Mr. 
Killebrew  was  again  sent  for  and  placed  in  charge  of  the  surveys.  He 
made  some  extensive  reconnoissances  and  surveys,  including  lines 
from  Durango  to  Guadalajara,  Durango  to  Guanacevi,  Diirango  to  Ma- 
zatlan,  and  many  others;  his  work  for  this  company  embracing,  prob- 
ably, between  2  500  and  3  000  kilometers  of  final  location,  much  of 
which  was  built.  He  was  engaged  in  surveying  a  line  from  Durango  to 
the  Pacific  Ocean  when  the  final  sickness  came  on  him,  and  he  died 
in  Durango,  Mexico,  January  9th,  1899. 

A  chronological  statement  of  his  work  does  not  constitute  a  proper 
memoir  of  Samuel  Killebrew,  for  he  was  an  extraordinary  man  in  many 
respects.  He  was  very  simple  in  his  tastes  and  very  approachable. 
He  was  genial  in  manner  and  would  go  out  of  his  way  to  show  atten- 
tion to  the  people  living  along  the  line  of  his  surveys.  His  judgment 
of  topography  was  a  natural  gift,  but  one  that  he  always  cultivated. 
He  could  ride  through  a  new  countrv  and  estimate  with  a  wonderful 
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degree  of  accuracy  the  differences  in  level  and  distance  between  the 
controlling  points.  In  later  years,  his  health  was  broken,  but  his 
energy  prior  to  this  was  ceaseless.  He  never  let  anything  divert  hirn 
from  his  work,  and  he  instilled  in  those  around  him  such  interest  in 
the  work  in  hand  that  it  was  a  topic  of  general  conversation  around 
the  camp  fire  at  night.  In  this  way,  the  work  was  made  as  pleasant 
as  possible  to  those  who  had  to  bear  the  burdens.  He  was  painstaking 
with  his  men,  never  losing  interest  in  showing  them  how  to  solve  the 
problems  that  came  up  daily  on  such  work,  and  many  an  engineer  will, 
with  the  writer,  always  feel  grateful  for  his  kindly  interest  and  assist- 
ance in  those  days  of  early  trials  and  hardships.  He  was  liberal  with 
his  men,  and  even  in  early  days,  when  working  on  a  small  salary,  he 
would  share  his  earnings  with  those  in  need  as  cheerfully  as  when  later 
on  he  could  better  afford  to  do  so. 

He  was  loyal  and  faithful  to  the  interests  of  his  employers,  and  had 
the  work  been  his  own,  he  could  not  have  given  it  more  attention.  As 
a  man,  he  never  outgrew  his  boyhood's  reverence  and  affection  for  his 
parents,  and  often  on  trips  he  would  speak  with  the  greatest  affection 
of  his  mother  and  tell  anecdotes  of  his  early  training.  His  wife  accom- 
panied him  on  the  survey  whenever  it  was  practicable  for  her  to  do  so, 
and  was  with  him  when  he  died. 

His  work  is  a  monument  to  his  professional  skill,  and  he  has  left  in 
the  hearts  of  those  who  were  with  him  tender  memories  of  his  many 
acts  of  kindness  which  they  will  never  forget. 

Mr.  Killebrew  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers,  September  2d,  1885. 
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in  chronological  order.  Succeeding  chapters  are  under 
the  following  heads :  Locations  Occupied  by  the 
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of  Civil  Engineers  and  the  Societe  des  Ingenieurs  Civil« 
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The  undersigned   is   General   Agent  for  the  following  Standard  Brands  of 
Louisville  Cement : 

FALLS  MILLS  (J.  Hulme  Brand), 

BLACK  DIAMOND  MILLS  (River),  Diamond  Brand, 
SPEED  MILLS,  Star  Brand, 

FALLS  CITY  MILLS,  Anchor  Brand, 

BLACK  DIAMOND  MILLS  (Railroad),  Diamond   Brand. 


This  Cement  has  been  in  general  use  throughout  the  West  and  South 
since  1830,  most  of  the  public  works  having  been  constructed  with  it.  Orders 
for  shipment  to  any  part  of  the  country,  by  rail  or  water,  will  receive  prompt 
and  careful  attention. 

Sales  for   1NW~>,  8,145,568   Barrels. 

WESTERN     CEMENT     COMPANY, 

247  W.  Main  St.,  Louisville,  Ky. 


FRONTIER 


Vertical,  2  to  10  H.-P. 
Horizontal,  10  to  100  H.-P. 

Single  and  Tandem  Cylinder 
GAS  AND  GASOLINE  ENGINE. 

PARTICULARLY  ADAPTED  FOR 

Pumping   and  Electric    Lighting 
FRONTIER  IRON  WORKS, 

Atwater  Street,  Detroit,  Mich. 
Builders  and  Western  Sales  Agents. 


YARYAN  CO.,  41  Park  Row,  New  York,  Eastern  Sales  Agents. 


Ill 


Connecting  Branch  Sleeve 

—  Tapping  Apparatus 

For  making  Large  Connections  without 

Shutting  Off  Water  or  Reducing  Pressure. 

This  is  no  experiment,  but  has  been  used 
by  the  Water  Departments  of  numerous 
cities  for  years  with  entire  success.     Con- 
nections from  2  to  24  ins.  have  been  made  with  mains  from  4  to 
48  ins.     For  full  information ,  address 

THE  A.  P.  SMITH   MFG.  CO.,  921  Prudential  Building,  Newark,  N.  J. 

The  Evening  Post  Job  Printing  House, 

FULTON    STREET,  CORNER   BROADWAY, 
NEW  YORK. 


PRINTERS    OF    PERIODICALS. 


™SklTERiOW        SPEAK  QUICK 

T  FOR  A  STEREOPTICON 

AT   HALF   PRICE! 

OLOSINP  OUT'  Owing  to  the  rapid  development 
1  of  our  ACETYLENE  GAS  GEN- 
ERATOR business,  we  are  closing  out  our  STEREOPTICON 
DEPARTMENT.  Send  for  bargain  circular,  also  information 
about   ACETYLENE    GAS. 

J.    B.    COLT    &    CO.,    Dept.    48, 

3  TO   7    WEST   29TH    STREET,  NEW   YORK. 


Rock  Drilling;  and  Air  Compressing 

:m:^o  hi  i  in-  :e  zr~5t 

For  TUNNELS,  QUARRIES,  MINES,  RAILROADS, 

And  wherever  ORE  and  ROCK  are  to  be  DRILLED  and  BLASTED. 


«3- SEND  FOR  NEW  CATALOGUE. 


RAND  DRILL  CO.,  100  Broadway,  New  York,  U.  S.  A. 

Branch  Offices  :  Monadnock  Building,  Chicago,  111. ;  Ishpeming,  Mich. ;  1361  Eighteenth 
Street,  Denver,  Colo.  ;  Sherbrooke,  Quebec,  Canada ;  Apartado  830,  Mexico  City. 
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VZEHSTTTTIRI    METEES 


FOR 

MAINS    4    TO    84 

INCHES    OR 

LARGER. 

_ 

&* 

'£*£• 

1      MB?"1       mP1     ' 

V*  J 

.                                  _ 

Measurements  by  these  meters  are  more  accurate  than  measurements  by  "weirs. 
Smaller  meters  for  laboratories  of  Schools  and  Colleges. 

BUILDERS  IRON  FOUNDRY,  Providence.  R.  I. 

A.  J.   SNYDER   &   SONS, 

"tiESRir*  BRAND  RQSENDALE  CEMENT 

Especially  manufactured  for 

IMPORTANT    EXGINEEKING    WORK, 

requiring  a  high  grade  testing  cement.     Over  30,000  barrels  were  used  on 
the  new  dams  for  the  Crotou  Aqueduct,  and  not  one  barrel  was  rejected. 

^"SJSsSf   HENRY  R.  BRIGHAM,  General  Agent, 

35  STONE  STREET,  NEW  YORK  CITY. 


WORKS 

ARE    THE    LARGEST    IN    EXISTENCE. 


OTIS   BROTHERS  &  CO., 

38   PARK   ROW,  NEW   YORK. 

MANUFACTURERS  OF 

ELEVATORS  OPERATED  BY  ANY  POWER  EXCEPT  HAND-POWER. 


CONTINUOUS  RAIL  JOINT  COMPANY  of  AMERICA. 


912   PRUDENTIAL    BUILDING, 
NEWARK,  N.  J. 

Millions  in  use  on 
80  Railroads 

Fewest  parts  possi- 

Provides  for  the 

%    increased 

B  tonnage  up 

to  date. 


GIANT  PORTLAND, 
EGYPT  PORTLAND, 
IMPROVED  UNION, 
AND  UNION  CEMENTS. 


MANUFACTURED    BY 

AMERICAN  CEMENT  CO.,  Egypt,  Pa., 

LESLEY  &  TR/NKLE,  Sales  Agents, 
22  &  24  South  15th  St.,     Philadelphia. 


Trident 

Disk  Water  Meter, 


Resilient  or  Retroactive  Frost  Bottom. 

"  SECOND  TO  NONE"  in  form,  material' 
construction,  capacity,  initial  accuracy  and 
|||[jj,  sensibility. 

SUPERIOR  TO  ALL  in  convenience,  in  so- 
lidity of  parts,  in  design,  in  maintained  ac- 
curacy, and  in  immunity  from  stoppages. 

MAY  BE  RUN  HARD  AND  LONG  without  smashing,  and  be  frozen  partially  or 
entirely  solid  without  damage  to  the  meter  or  expense  to  the  owner. 

FULLY   ATTESTED,   by  most  competent  auihorities,  as  being  "beyond  competi- 
tion in  low  cost  of  maintenance." 

Illustrated  Catalogue,  giving  full  details,  mailed  to  any  applicant. 

NEPTUNE     METER     COMPANY, 

253     BROADWAY, 


DESIGNED   BY   JOHN   THOMSON. 


NEW  YORK  CITY. 
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Q  &  W  Tie  Plate 

ALTHOUGH  SOMETHING  NEW, 

Has    a    Record,    from    the   fact   that   it   is   a 
combination -of  the 

SERVIS    AND  ^m 

WOLHAUPTER    /^" 

plates r^^nr 

CHICAGO  : 

700=712  Western  Union  Building. 
NEW  YORK: 

106  Liberty  Street. 
SAN  FRANCISCO: 

537   Mission  Street. 


PROCEEDINGS 

OF   THE 

AMEEICAN  SOCIETY  OF  CIYIL  ENGINEEKS. 
Select  Advebtisements  will  be  Received  at  the  following  Bates: 


One  Page 

One-half  Page 

One-quarter  Page 

One-twelfth  Page,  Card 


One  Yeab. 
10  Insertions. 

%  Yeab. 

5  Insertions. 

$170  00 

$95  00 

90  00 

55  00 

50  00 

30  00 

20  00 

3  Insertions. 

$60  00 
35  00 
20  00 


Address  the  Secretary  of  the  Society,  220  West  57th  Street,  New  York. 


ESTABLISHED     1845. 


TROY,      N.     Y.,      XJ.     S.     A. 

LARGEST   MANUFACTURERS   IN   AMERICA  OF 

Civil  Engineers'  and  Surveyors'  Field  Instruments. 
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LATEST  CATALOGUE  MAILED  ON  APPLICATION. 
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Architects  and  Builders, 

When  making  Contracts,  should  remember  that 

12,000,000  Barrels 

"HOFFMAN" 

CEMENT 

Have  been  used  on  important  works  throughout  the  United  States. 

No  other  Cement  Company  can  show  such  a  Record. 

Lawrence  Cement  Co. 

Sales  Office,   No.    i    Broadway,   New  York. 


LABORATORIES  OF  Dr.  CHAS.  F.  Mp.kf.nm  22,  pearl  st.,  new  york, 

Successor  to  Dr.  GIDEON  E.  MOORE. 

DEPARTMENT  OF  CHEMISTRY.  Analyses  and  Assays  of  Ores,  Metals,  Waters  and  Natural 
and  Industrial  Products  of  every  description. 

DEPARTMENT  OF  PHYSICAL  TESTS.  Tensile,  Transverse  and  Compression  Tests  of  IrnD ,  Steel 
and  other  Metals  and  Alloys,  Cements,  Buildins  Stones  and  Engineering  Materials  generally. 

ESTABLISHED    1856. 


Warren  Foundry  and  Machine  Co. 

WOEKS  AT  PHILLIP8BURG,   NEW  JERSEY. 

SALES  OFFICE:   160  BROADWAY,    NEW  YORK. 


CAST-IRON,  WATER  AND  GAS  PIPE, 

Feom  3  to  48  Inches  Diameter. 
Also  all  sizes  of  FLANGED    PIPE  and  SPECIAL.   CASTINGS. 


IMPROVED  RlGlD&5PRIHCfRO(l5,(R055IHG5i  Track  Work 
SlHCLEtTHREE  THROW  oPLIT6wiTCHEsJ  E?2MM5fiFA 


A- FRED/ .WEIR. 


IX 


THE    F.  O.   NORTON    COMPANY, 


— MANUFACTURER   OF — 


IEE;y^cL:i?a,~o_l±o    Cem  ezo-13., 

92    BROADWAY,   NEW  YORK. 


Particularly  adapted  for  work  under  water,  for  which  use  it  is 
superior  to  the  best  Portland  Cement,  when  used  i  to  i. 

Certificates  of  tests  and  reports  on  actual  use  in  important  public 
works  furnished  on  application. 


OUR     LEADING 

Architects,  Engineers  and  Builders 

SPECIFY  AND  USB 

BROOKLYN    BRIDGE    BRAND 

ROSENDALE   HYDRAULIC   CEMENT. 

PARK  ROW  OFFICE   BUILDING— 30  STORIES. 
USED  EXCLUSIVELY  ON  -j     WALDORF-ASTORIA  HOTEL-LARGEST  IN  THE  WORLD. 

HAVE  SUPPLIED  FOR  NEW  YORK  CROTON  AQUEDUCT,  IN  1897  AND  1898,  165,000  BARRELS. 


AT  LAS  Ported  Cement 

IS  THE  STANDARD 
AMERICAN    PORTLAND. 

The  U.  S.  Government  gives  it  preference  over  all  other  brands. 

ATLAS  CEMENT  CO., 
J43  LIBERTY  STREET,  NEW  YORK  CITY. 


IRONCLAD  PORTLAND  CEMENT 

Manufactured  by  Glens  Falls  Portland  Cement  Co. 

Sole  Selling  Agent,  Commercial  Wood  &  Cement  Co., 

156   FIFTH   AVENUE,   NEW  YORK 


High-grade  American 

PORTLAND  CEMENT 

unsurpassed  for  making 

Fine  Artificial  Stone. 


ESTABLISHED  1872. 


F.  E.  BRANDIS  SONS  &  CO. 


MANUFACTURERS    OF 


Engineers'  and  Surveyors'  Instruments, 

814    GATES    AVENUE, 
BROOKLYN,      NEW     YORK. 


Catalogues  mailed  on  application. 


Gravity  and  Pressure  Filters, 

Constructed  under  the  JEWELL,  HYATT  and  WARREN  Patents. 

THE    ACKNOWLEDGED     STANDARD   OF 
MECHANICAL     FILTRATION. 

Patents  Sustained  by  the  Highest  Courts. 
HIGHEST    EFFICIENCY.       LOWEST    PRICES. 

O.  H.  JEWELL  FILTER  CO.,  40-42  WEST  QUINCY  ST.,  CHICAGO. 

NEW  YORK  FILTER  MFG.  CO.,    26  CORTLANDT  ST.,    NEW  YORK. 

220  DEVONSHIRE  STREET,  BOSTON. 

Eppinger  &  Russell  Co., 

CREOSOTING  WORKS, 

Dead  OH  of  Coal  Tar  Process. 


Piles  and  Timber  treated  with  the  above  Oil  for  all  purposes, 
when  preservation   is  desired. 


Introduced  in  England  by  Mr.  Bethel  in  1838.  DEAD  OIL.  OP  COAL.  TAR  is  the 
only  known  product  of  commercial  application  that  will  preserve  TIMBER  PROM 
DECAY,  LAND  AND  MARINE  INSECTS. 

Our  Mr.  Valentine  has  had  practical  experience  since  1872,  and  we  have  specimens  of 
Piles  and  Timber  treated  by  him  in  1874,  which  are  in  use  to-day  and  are  in  a  perfect  state  of 
preservation.     We  have  the  largest  and  best  equipped  plant  in  the  world. 
Cylinders  100  It.  long,  capacity  1,500,000  ft.  per  month. 
Direct  Water  and  Rail  Communications. 

MANUFACTURERS   OF   THE 

Valentine  Electrical  Subway  Conduit. 

WORKS:  I  OFFICES: 

Foot  First  Street  and  Newtown  Creek,      MORRIS    IB  XJXT-.  TO  1 1ST  Gr 
LONG  ISLAND  CITY.  66  BROAD  ST.,  NEW  YORK. 

SEND  FOR  CIRCULARS  AND  PRICES. 
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-s  ENGINEERS,*- 

ADDRESS    THE    WORKS     DIRECT, 

JOHN  STREET,  WEST  NEW  BRIGHTON,  STATEN  ISLAND,  N.  Y 

(ESTABLISHED     1873), 

Make  a  specialty  of  Machinery  for  the  rapid  and  economical  handling  of  heavy  or 
bulky  materials,  as  well  as  Plans  for  Storage  Buildings  and  Wharves. 

ENGINEERS  ARE  REQUESTED  TO  SEND  FOR  OUR  CATALOGUES. 
"Coal-Handling  Machinery,"  "Cable  Railways  for  Freight," 

"Conveyors"  Gravity  Bucket,  •  "Manilla  Rope"  Transmission, 

"  Industrial  Railways."  "Coal  Handling  in  Power  Plants." 

extent  of  Asphalt  Pavements 

IN  THE  UNITED  STATES  AND  CANADA. 

Trinidad  Lake  Asphalt  Pavement,  21,527,415  square  yards,  or  90% 
Other  kinds  Asphalt  Pavement,        2,307,064  square  yards,  or  10% 


OF 


iheTRINIDAD  lake  asphalt  pavement 

10,000,000  square  yards,  or  nearly  50%, 


WAS  LAID  BY 


THE  BARBER  ASPHALT  PAYING  COMPANY 


This  is  equal  to  about  650  miles  of  Roadway,  26  feet  wide. 

The  Asphalt  used  by  this  Company  is  from  the  famous 
Pitch  Lake  in  the  Island  of  Trinidad,  B.  W.  I. 

J®®* Plans  and  Estimates  Furnished  on  Application. 

GENERAL    OFFICES  : 

LE  DROIT  BUILDING,     -        -        •     WASHINGTON,  D.  C. 

BOWLING  GREEN  BUILDING,  No.  11  Broadway,  New  York. 

F.  V.  GREENE,  President 


SUPERIOR  GRAPHITE   PAINT 

For  BRIDGES,  A  STRUCTURAL 

roofs,    .       \y        IRON,   ... 


And  all  Exposed  Metal  or  Wood  Surfaces. 


Warranted  not  affected  by 
heat,  cold,  salt  brine, 
acid  fumes,  smoke  or 
chemicals 


Detroit  Graphite  Mfg.  Co., 

DETROIT,  MICH. 
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ALCATRAZ    ASPHALT 

Guaranteed  free  from  Coal  Tar  or  Petroleum  Residuum, 

For  Reservoir  Linings 

and  Pipe  Coatings. 


The    AlcatraZ    CO.,  San  Francisco,  Cal. 
General  Eastern  Office,  3  West  29th  St. ,  New  York. 


NEW   YORK    DREDGING    CO., 

ENCINEERS   AND    CONTRACTORS. 

J.  WILLIAMS  MACY,  President.  0.  L.  WILLIAMS,  Secretary  and  Treasurer. 


Hydraulic  Dredge  discharging  through  5,700  Ft.  Pip*.     Will  dig  and  put  ashore  any  Material,   Rock  excepted. 

SPECIALTIES: 

Machinery  for  Economical  Excava- 
tion of  Canals. 

For  Dredging-,  For  Reclamation  of 
Low  Lands. 

CORRESPONDENCE  SOLICITED. 

World  Building,  New  York,  N.  Y. 

"Machines  at  work  at  Wilmington,  Del.; 
Port    Royal,    S.  C;    Port   Arthur,    Sabine 
Patent  Canal  Excavator.  Pass,  Texas,  and  Oakland,  Cal." 

Capacity  of  Plant  owned  by  us,  under  favorable  conditions,  1,000,000  cubic  yards  per  month. 

WEST  PASCAGOULA  CREOSOTE  WORKS, 

WEST  PASCAGOULA,  MISS. 
Situated  on  Pascagoula  Bay  and  on  the  line  of  the  Louisville  and  Nashville  Railroad. 

These  works  have  been  in  operation  for  more  than  twenty  years,  were  recently 
entirely  rebuilt  and  enlarged,  and  are  now  prepared  to  execute  all  orders  for  creosoted 
piles  and  timber  thoroughly  impregnated  with  dead  oil  of  coal  tar. 

New  cylinders  115  feet  long.     Capacity,  one  million  feet  per  month. 

Address  S.   W.    LABROT 

Supt.  West  Pascagoula  Creosote  Works, 

West  Pascagoula,  Miss. 
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Pacific  Flush  Tank  Co. 

84  LA  SALLE  STREET,  CHICAGO,  ILL., 

MANUFACTURERS    OF   THE 

flfiiUer   Automatic   ffipbon, 

FOR  INTERMITTENT  FLUSH  TANKS. 


Used  for  Flushing  Street-Sewers. 

NO  MOVING  PARTS.      NO  JOINTS.      NO  LITTLE  TRAPS. 

RECEIVED  THE  HIGHEST  AWARD  IN  ITS  CLASS  AT  THE  WORLD'S 
COLUMBIAN  EXPOSITION  FOR 

Simplicity  of  Construction,  Effectiveness  and  Reliability. 

Salt  Lake  City,  Utah,  December  14,  1897. 
******  Flushing  with  the  hose  is  not  satisfactory  for  the  reason 
that  it  is  expensive,  and  owing  to  the  time  it  takes  to  get  over  the  system  the  laterals  are 
not  flushed  often  enougli  to  keep  them  clean.  The  laterals  flushed  by  siphons  are  in  much 
better  condition  than  those  flushed  with  the  hose.  The  Miller  Automatic  Siphons  that 
we  have  put  in  are  giving  entire  satisfaction,  and  in  my  opinion  they  arc  the  most  efficient 
siphons  in  use.  (Signed)  F.  C.  KELSEY,  City  Engineer. 

EACH  SIPHON  GUARANTEED   ABSOLUTELY. 


Send  for  Illustrated  Catalogue. 


Union  Bridge  Company. 


CHARLES  MACDONALD, 


ANDEEW  ONDERDONK. 


Civil  Engineers  and  Constructors  of  Bridges,  Tunnels, 
and  Eublic  Works. 

JOSEPH   MAYER,  Engineer. 


PRINCIPAL    OFFICE, 

No.   I    BROADWAY,   NEW  YORK. 

Cable  Address:  "  Yaraunion,  New  York.'" 


Works:  ATHENS,  Pa. 
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MINUTES  OF  MEETINGS. 


OF  THE  SOCIETY. 


June  7th,  1899. — The  meeting  was  called  to  order  at  20.35  o'clock, 
Vice-President  Edward  P.  North  in  the  chair;  Charles  Warren  Hunt, 
Secretary,  and  present,  also,  65  members  and  11  visitors. 

The  minutes  of  the  meetings  of  May  3d  and  17th,  1899,  were  approved 
as  printed  in  Proceedings  for  May,  1899. 

A  paper  by  George  "W.  Rafter,  M.  Am.  Soc.  C.  E.,  entitled  "On the 
Theory  of  Concrete  "  was  presented  by  the  Secretary,  who  also  read  a 
communication  on  the  subject  from  Past-President  B.  M.  Harrod.  The 
subject  was  discussed  by  Messrs.  Herman  Conrow,  Allen  Hazen,  C.  E. 
Fowler,  G.  W.  Tillson,  H.  E.  Dunham,  E.  Sherman  Gould  and  P.  W. 
Henry. 
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Ballots   were    canvassed   and   the    following    candidates    declared 
elected: 

As  Membeks. 

Linus  Weed  Brown,  New  Orleans,  La. 

Ralph  Henry  Brown,  Boston,  Mass. 

William  Warren  Cummings,  Everett,  Mass. 

Lewis  Singer  Gillette,  Minneapolis,  Minn. 

Alvah  Seymour  Going,  Victoria,  B.  C. 

Eugene  Griffin,  New  York  City. 

Albert  James  Humes,  Detroit,  Mich. 

William  Evelyn  Hutchings,  Louisville,  Ky. 

Henry  Aiken  Kennedy,  Canton,  Ohio. 

Edmund  Dana  Trowbridge  Myers,  Jr. ,  Richmond,  Va. 

Harold  Parker,  Clinton,  Mass. 

As  Associate  Members. 

George  Marshall  Ames,  Grand  Rapids,  Mich. 
Robert  Henry  Persse  Ford,  St.  Albans,  Vt. 
Wallace  Greenalch,  Schuylerville,  N.  Y. 
Frederick  Stuart  Greene,  New  York  City. 
William  MacLean  Homan,  Kroonstad,  South  Africa. 
Francis  Lansing  Prtjyn,  Brooklyn,  N.  Y. 
Spencer  James  Steward,  New  York  City. 
George  Aymar  Taber,  New  York  City. 
Horatio  Hartley  Trundle,  Washington,  D.  C. 
Henry  Eleazer  Vanderltp,  Chicago,  HI. 
Joseph  Christian  Wagner,  Philadelphia,  Pa. 

Announcement  was  made  that  the  following  candidates  were  elected 
by  the  Board  of  Direction,  June  6th,  1899: 

As  Associate. 
Edward  James  Farrell,  New  York  City. 

As  Juniors. 

Simon  Novelo  Caceres,  New  York  City. 
Richard  Alexander  Given,  Tutwiler,  Miss. 
Isaac  Harby,  New  York  City. 
Richard  Willis  How,  New  York  City. 
Reginald  Horton  Keays,  Havana,  Cuba. 
Fred  Dana  Rhodes,  New  York  City. 

The  Secretary  announced   the  death  of  Robert  Gillham,   elected 
Member  June  2d,  1886;  died  May  19th,  1899. 
Adjourned. 
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THIRTY=FIRST  ANNUAL  CONVENTION,    HELD   AT   CAPE  MAY, 
N.  J.,  JUNE  27th,  28th,  29th  AND  30th,  1899. 

First  Session,  Tuesday,  June  27th,  1899. — The  Society  was  called 
to  order  at  10  o'clock;  President  Desmond  FitzGerald  in  the  chair; 
Charles  Warren  Hunt,  Secretary. 

President  FitzGerald  delivered  the  annual  address. 

The  President  introduced  Elmer  L.  Corthell,  M.  Am.  Soc.  C.  E., 
who  addressed  the  Society  on  the  subject  of  the  International  Naviga- 
tion Congress  at  Brussels  in  1898.* 

The  President  announced  that  a  meeting  of  the  Board  of  Direction 
would  be  held  at  the  close  of  the  present  session. 

At  the  President's  request  the  Secretary  made  a  few  remarks  in 
regard  to  the  Society's  work.f 

The  Secretary  made  supplementary  announcements  as  to  the 
Convention  programme,  and  the  special  trip  to  Atlantic  City,  N.  J. 

Adjourned. 

Second  Session,  Tuesday,  June  27th,  1899. — The  meeting  was 
called  to  order  at  15  o'clock;  President  FitzGerald  in  the  chair; 
Charles  Warren  Hunt,  Secretary. 

The  President  announced  the  appointment  of  the  following  gentle- 
men as  temporary  chairmen  of  their  several  geographical  districts  for 
the  purpose  of  the  selection  of  members  of  the  Nominating  Com- 
mittee: 

District  No.  1. — J.  James  R.  Cboes. 

"  "    2. — Edward  W.  Howe. 

"  "3.  — William  R.  Hill. 

"  "    4. — Charles  G.  Darrach. 

"  "    5.  — Alfred  Noble. 

"  "    6. — Hunter  McDonald. 

"  "    7. — D.  W.  Cunningham. 

The  Secretary  made  an  announcement  as  to  the  Convention  pro- 
gramme. 

Discussion  on  the  following  subjects  was  called  for  by  the  Presi- 
dent: 

"  Should  the  use  of  the  method  of  Wheel-Concentrations  be  Discon- 
tinued in  Determining  the  Stresses  in  Railroad  Bridges?" 

' '  In  view  of  present  knowledge  of  the  Effect  of  Repeated  Applications 
of  Load,  should  Fatigue  Formulas  be  used  in  Bridge  Design  V" 

*  For  Mr.  Corthell's  remarks,  see  page  147. 

t  For  this  statement  by  Mr.  Hunt,  see  page  153. 
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The  Secretary  read  a  written  communication  from  J.  P.  Snow,  M. 
Am.  Soc.  C.  E.,  and  the  discussion  was  continued  by  the  following: 

Gustav  Lindenthal,  M.  Am.  Soc.  C.  E. 
Palmer  C.  Eicketts,  M.  Am.  Soc.  C.  E. 
W.  A.  Doane,  M.  Am.  Soc.  C.  E. 
George  S.  Mokison,  M.  Am.  Soc.  C.  E. 
W.  H.  Breithaupt,  M.  Am.  Soc.  C.  E. 
Walter  L.  Cowles,  M.  Am.  Soc.  C.  E. 
E.  M.  Scofteld,  Assoc.  M.  Am.  Soc.  C.  E. 
Henry  B.  Seaman,  M.  Am.  Soc.  C.  E. 

Adjourned. 

Third  Session.— At  the  close  of  the  Business  Meeting,  Wednes= 
day,  June  28th,  1899.— President  EitzGerald  in  the  chair;  Charles 
"Warren  Hunt,  Secretary. 

Discussion  on  the  following  subjects  was  taken  up: 

(a)  "  Should  Stream  Contamination  by  the  Sewage  of  Cities  be  abso- 
lutely prohibited  by  law?" 

(b)  "  Should  the  Purification  of  the  Sewage  of  Cities  be  compulsory; 
and  is  this  feasible  for  Large  Cities?" 

(c)  "  Is  Filtration  the  coming  solution  of  the  Pure- Water  Question 
for  Cities?" 

The  following  gentlemen  presented  their  views: 

E.  E.  McMath,  M.  Am.  Soc.  C.  E. 

W.  C.  Parmley,  M.  Am.  Soc.  C.  E. 

Gardner  S.  Williams,  Assoc.  M.  Am.  Soc.  C.  E. 

Peter  Milne,  Assoc.  Am.  Soc.  C.  E. 

Kenneth  Allen,  M.  Am.  Soc.  C.  E. 

James  Owen,  M.  Am.  Soc.  C.  E. 

Charles  G.  Darrach,  M.  Am.  Soc.  C.  E. 

E.  W.  Harrison,  M.  Am.  Soc.  C.  E. 

P.  A.  Maignen,  Esq. 

Discussions  in  writing  from  James  H.  Fuertes,  M.  Am.  Soc.  C.  E., 
Edmund  B.  Weston,  M.  Am.  Soc.  C.  E. ;  Louis  L.  Tribus,  M.  Am.  Soc. 
C.  E. ;  and  A.  McL.  Hawks,  Jun.  Am.  Soc.  C.  E.,  were  announced  by 
title. 

Adjourned. 

Fourth  Session,  Friday,  June  30th,  1899. — President  FitzGerald 
in  the  chair;  Charles  Warren  Hunt,  Secretary. 

The  Secretary  read  a  telegram  from  Percival  Eoberts,  Jr.,  President 
of  the  Pencoyd  Iron  Company,  giving  notice  of  special  trains  for  those 
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wishing  to  visit  Pencoyd  on  Saturday;  also,  a  letter  from  the  Vulcanite 
Cement  Company,  inviting  the  members  to  visit  its  works  at  Vulcanite, 
N.  J.,  on  July  3d. 

The  President  called  for  discussion  on  the  following  subject: 

"What  are  the  economic  conditions  under  which  Electricity  may  be 
profitably  substituted  for  Steam  in  the  operation  of  Branch  Railroad 
Lines,  and  what  are  the  engineering  requirements  to  be  considered  in 
such  substitution?" 

The  following  gentlemen  presented  their  views  : . 

H.  S.  Haines,  M.  Am.  Soc.  C.  E. 
H.  G.  Pkout,  M.  Am.  Soc.  C.  E. 
Robert  Moore,  M.  Am.  Soc.  C.  E. 
Obeklin  Smith,  M.  Am.  Soc.  C.  E. 
W.  B.  Reed,  Assoc.  M.  Am.  Soc.  C.  E. 
G.  S.  Davison,  M.  Am.  Soc.  C.  E. 
W.  L.  Webb,  Assoc.  M.  Am.  Soc.  C.  E. 
J.  James  R.  Croes,  M.  Am.  Soc.  C.  E. 
D.  C.  Jackson,  M.  Am.  Soc.  C.  E. 
W.  J.  Baldwin,  M.  Am.  Soc.  C.  E. 
Gustav  Lindenthal,  M.  Am.  Soc.  C.  E. 
Edward  Wegmann,  M.  Am.  Soc.  C.  E. 
C.  W.  Buchholz,  M.  Am.  Soc.  C.  E. 
A.  P.  Davis,  Assoc.  M.  Am.  Soc.  C.  E. 

The  folloAving  resolutions  were  passed: 

Resolved,  That  the  thanks  of  this  Convention  be  extended  to  the 
officers  of  the  Pennsylvania  Railroad,  and  to  the  officers  of  the  Phila- 
delphia and  Readiug  Railway  for  their  great  courtesy  in  extending  to 
the  members  of  this  Society,  so  largely  as  they  have  done,  the  facilities 
of  their  lines  in  attending  the  Convention. 

Resolved,  That  the  thanks  of  this  Convention  be  extended  to  the 
Local  Committee  for  the  most  excellent  arrangements  made  by  them 
for  the  entertainment  of  the  members  and  guests  attending  the  Con- 
vention. 

Adjourned. 
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BUSINESS  MEETING.* 

At  the  second  session  of  the  Convention,  June  27th,  15  o'clock, 
the  President  announced  the  appointment  of  the  following  members  as 
chairmen  of  the  seven  geographical  districts  into  which  the  Society  is 
divided  for  the  purposes  of  the  Nominating  Committee  (Art.  VII,  Sec. 
2,  of  the  Constitution) : 

District  No.  1,  J.  James  R.  Croes;  District  No.  2,  Edward  W.  Howe; 
District  No.  3,  William  R.  Hill;  District  No.  4,  Charles  G.  Darrach; 
District  No.  5,  Alfred  Noble;  District  No.  6,  Hunter  McDonald;  Dis- 
trict No.  7,  D.  W.  Cunningham. 

Wednesday,  June  28th,  1899.— The  meeting  was  called  to  order  at 
10.30  o'clock.  President  Desmond  FitzGerald  in  the  chair,  Charles 
Warren  Hunt,  Secretary. 

Nominations  were  received  for  members  of  the  Nominating  Com- 
mittee from  each  of  the  seven  geographical  districts,  and  the  following 
Avere  elected  members  of  the  Committee  for  two  years: 

District  No.  1. — Alfred  W.  Trotter, 

"         "  2. — George  B.  Francis, 

"  3.— T.  McC.  Leutze, 

"  4.—  W.  G.  Wilkins, 

"        "  5. — Augustus  Mordecai, 

"         "  6. — J.  A.  Ockerson, 

"         "  7.— Hiram  N.  Savage. 

The  Secretary  presented  a  summary  of  the  answers  received  rela- 
tive to  the  time  and  place  of  holding  the  next  Annual  Convention,! 
and,  after  discussion,  on  motion  duly  seconded,  the  matter  was  referred 
to  the  Board  of  Direction. 

The  following  resolution,  offered  by  Samuel  Whinery,  M.  Am.  Soc. 
C.  E.,  was  ado]3ted. 

"Resolved:  That  the  Board  of  Direction  be  requested  to  consider 
the  advisability  of  urging  upon  the  Superintendent  of  the  Twelfth 
Census  the  importance  of  collecting  and  publishing  with  the  next 
census,  complete  statistics  of  municipal  works;  and  that  the  Board  of 
Direction  be  authorized,  if  found  desirable,  to  co-operate  with  the 
Census  Department  in  formulating  methods  and  preparing  appropriate 
forms  for  the  collection  and  publishing  of  such  statistics." 

The  Secretary  read  a  letterj  from  Mr.  Percival  Roberts,  President 
of  the  Pencoyd  Iron  Works,  inviting  the  members  to  visit  their  works, 
on  Saturday,  July  1st. 

The  following  resolution,  moved  by  Henry  B.  Seaman,  M.  Am.  Soc. 
C.  E.,  and  amended  by  Past-President  B.  M.  Harrod,  was  adopted: 

"  That  the  Board  of  Direction  be  requested  to  consider  the  pro- 
priety of  providing  for  the  payment  of  the  expenses  of  the  members 

*  For  full  report  see  p.  131.  t  See  p.  134.  %  See  p.  139. 
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of  the  Nominating  Committee  in  attending  the  meeting  of  that  Com- 
mittee; and  to  report  with  further  suggestions  in  regard  to  methods 
for  the  nomination  of  officers  to  the  Annual  Meeting." 

George  S.  Morison,  Past-President,  Am.  Soc.  C.  E. ,  moved  that  the 
matter  of  the  revision  of  the  Article  of  the  Constitution  relating  to  the 
nomination  of  officers  be  referred  to  the  Board  of  Direction  for  con- 
sideration and  report. 

The  motion  was  seconded  and  adopted. 

J.  F.  O'Rourke,  M.  Am.  Soc.  C.  E.,  asked  whether  any  report  had 
been  received  from  the  Committee  on  Standard  Time,  and  the  Secre- 
tary stated  that  no  final  report  had  been  received  from  that  Committee. 

Mr.  O'Rourke  moved  that  the  Board  of  Direction  be  requested  to 
take  up  the  matter  of  Standard  Time  and  settle  it. 

The  motion  was  seconded  and  adopted  by  a  vote  of  71  to  34. 

Adjourned. 
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OF  THE   BOARD  OF  DIRECTION. 

(Abstract. ) 

June  6th,  1899. — Vice-President  North  in  the  chair;  Charles  Warren 
Hunt,  Secretary,  and  present,  also,  Messrs.  Bensel,  Clarke,  Craighill, 
Morison,  Owen,  Ricketts,  Thomson  and  Turner, 

Reports  of  standing  committees  were  received. 

A  progress  report  from  the  Committee  on  the  Paris  Exposition  of 
1900  was  received. 

The  President  was  authorized  to  appoint  a  Committee  to  recommend 
the  award  of  prizes  for  the  year  ending  with  the  month  of  July,  1899. 

The  Secretary  reported  in  regard  to  the  matters  connected  with  the 
Convention. 

Applications  were  considered  and  other  routine  business  transacted. 

One  candidate  for  Associate  and  six  for  Junior  were  elected. 

Adjourned. 

June  27th,  1899. — The  Board  met,  as  required  by  the  Constitution, 
(Article  VIII,  Section  7),  at  the  Stockton  Hotel,  Cape  May,  N.  J., 
President  FitzGerald  in  the  chair;  Charles  Warren  Hunt,  Secretary, 
and  present,  also,  Messrs.  Bensel,  Buchholz,  Clarke,  Harrod,  Hering, 
Moore,  Morison,  North,  Owen,  Ricketts  and  Turner. 

A  report  of  progress  was  made  by  the  Committee  appointed  to 
report  on  the  Paris  Exposition  of  1900. 

The  Secretary  announced  the  appointment  by  the  President  of  the 
following  members  as  a  Committee  to  recommend  the  award  of  prizes 
for  the  year  ending  July,  1899. 

Thomas  Rodd,  Dwight  Pokter,  James  L.  Lusk. 

The  President  was  authorized  to  appoint  a  Committee  to  report  to 
the  Board  recommending  the  time  and  place  for  holding  the  next 
Annual  Convention  not  later  than  the  October  meeting. 

The  President  was  requested  to  appoint  temporary  chairmen  of  the 
several  districts  for  the  purposes  of  the  Nominating  Committee. 

Adjourned,  subject  to  the  call  of  the  President. 
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REPORT  IN  FULL  OF  THE  BUSINESS  MEETING  HELD  DURING 

THE  THIRTY-FIRST  ANNUAL    CONVENTION,  AT  CAPE 

MAY,  N.  J.,  JUNE  27th  and  28th,  i899. 

At  the  second  session  of  the  Convention,  June  27th,  15  o'clock,  the  Appointment 
-r.-T  i-  •  -r>         1      *  °*  Provisiona 

President  announced  that  in  accordance  with  a  vote  of  the  Board  of     Chairmen. 

Direction  he  had  appointed  temporary  chairman  of  the  seven  geo- 
graphical districts  into  which  the  Society  is  divided  for  the  purposes 
of  the  Nominating  Committee;  that  it  was  expected  that  each  of  these 
Chairmen  would  call  together  the  members  from  his  district  present 
at  the  Convention,  and  report  their  choice  for  member  of  the  Nomi- 
nating Committee  at  the  Business  Meeting  to  be  held  on  June  28th  at 
10  o'clock.     The  appointments  were  announced  as  follows : 

Chairman,  District  No.  1 — J.  James  R.  Ckoes, 

"  "  2 — Edward  W.  Howe, 

"  "  3 — William  R.  Hill, 

"  "  4 — Chakles  G.  Darrach, 

"  "  5 — Alfred  Noble, 

"  "  6 — Hunter  McDonald, 

"  "  7 — D.  W.  Cunningham. 

Wednesday,  June  28th,  10.30  o'clock. —President   FitzGerald  in    Meeting 
the  Chair,  Chas.  Warren  Hunt,  Secretary. 

The  President. — Gentlemen,  I  am  going  to  call  this  meeting  to 
order,  and  I  want  you  to  unite  with  me  in  making  it  a  success.  The 
only  way  to  accomplish  this  is  to  stop  talking  and  have  as  little  noise 
as  possible,  and  I  want  you  all  to  move  up  in  front  where  you  can 
hear  what  is  going  on.  It  is  a  great  effort  for  any  voice  to  be  heard  in 
this  hall,  and  if  we  are  to  have  a  successful  discussion  this  morning, 
and  get  through  with  the  business,  you  must  all  unite  to  that  end. 

The  first  business  is  that  of  the  Nominating  Committee;  the  reports  Election  of 
of  the  temporary  chairmen.     I  call  on  the  Chairman  of  District  No.  1.  Nominating 

J.  James  R.  Croes,  M.  Am.  Soc.  C.  E. — The  members  present  from  Committee. 
District  No.  1  have  directed  me  to  present  the  name  of  Mr.  Alfred  W. 
Trotter  as  a  member  of  the  Nominating  Committee. 

The  President. — Gentlemen,  you  hear  the  report  of  the  Com- 
mittee ?     What  action  do  you  take  ? 

W.  R.  Hutton,  M.  Am.  Soc.  C.  E. — We  have,  I  think,  the  privilege 
of  nominating  another  ? 

The  President. — Certainly. 

Mr.  Hutton.— I  offer  in  nomination  Mr.  C.  C.  Martin. 

Geo.  S.  Morison,  Past-President,  Am.  Soc.  C.  E. — I  second  the 
nomination. 

The  President.  —What  is  the  pleasure  of  the  Convention  ?  Tbe 
Committee  has  nominated  Mr.  Alfred  W.    Trotter.     Mr.  Hutton  has 
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Election  of  nominated  Mr.  C.  C.  Martin.     The  Chair  awaits  the  motion.     If  there 

Nominating  ^s  n0  discussion,  the  Chair  will  put  the  question  first  on  the  report  of 

Committee,  the  Committee.      Those   in  favor   of  the   election  of  Mr.    Alfred  W. 

Trotter  will   signify    it   by   saying   aye;  those  opposed,    no.     It  is  a 

vote. 

District  No.  2.  The  Chairman  is  Mr.  Edward  W.  Howe.  Mr. 
Howe  is  not  present.     Is  there  any  report  from  that  district? 

Fbank  O.  Whitney,  M.  Am.  Soc.  C.  E.— The  Committee  met  last 
evening  and  appointed  Mr.  Francis,  of  Boston. 

The  Pkesident.— One  moment,  please,  Mr.  Whitney.  There  is 
another  suggestion  that  the  Chair  wishes  to  oner,  and  that  is  that 
every  gentleman  in  getting  up  to  speak  give  his  name  so  that  it  may 
be  taken  by  the  reporter.     Mr.  Whitney. 

Mr.    Whitney. — The   members   of   the    second    district     met   last 
evening  and  nominated  Mr.  Francis,  of  Boston. 
The  Pkesident.— The  full  name,  please. 
Mr.  Whitney. — George  B.  Francis. 

The  Pkesident. — What  is  the  pleasure  of  the  meeting?  Those  in 
favor  of  the  election  of  Mr.  George  B.  Francis  will  signify  it  by  saying 
aye;  opposed,  no.     It  is  a  vote. 

District  No.  3,  Mr.  William  R.  Hill,  Chairman. 

William  R.  Hill,  M.  Am.  Soc.  C.  E.— Mr.  President,  the  members 
from  District  No.  3  present  the  name  of  Mr.  T.  McC.  Leutze. 

The  Pkesident. — Gentlemen,  you  hear  the  report  of  Committee 
No.  3  presenting  the  name  of  Mr.  T.  McC.  Leutze.  Those  in  favor 
of  the  election  of  this  gentleman  will  signify  it  by  saying  aye;  opposed, 
no.     It  is  a  vote. 

No.  4,  Mr.  Darrach. 

Chakles  G.  Darkach,  M.  Am.  Soc.  C.  E. — Mr.  President,  the 
members  met  and  nominated  Mr.  W.  G.  Wilkins,  of  Pittsburg. 

The  Pkesident. — Gentlemen,   you  hear   the  report  of  Committee 
No.   4  nominating  Mr.  W.   G.  Wilkins.     What  is  the  pleasure  of  the 
meeting  ?     Those  in  favor  of  Mr.  Wilkins'  nomination  will  signify  it 
by  saying  aye;  opposed,  no.     It  is  a  vote. 
District  No.  5,  Mr.  Noble. 

Alfred  Noble,  M.  Am.  Soc.  C.  E.  — Mr.  President,  the  members 
present  from  District  No.  5  nominate  Mr.  Augustus  Mordecai. 

The  President.  — Gentlemen,  you  hear  the  report  of  the  Com- 
mittee from  District  No.  5  in  favor  of  nominating  Mr.  Augustus 
Mordecai.  Those  in  favor  of  his  election  will  signify  it  by  saying  aye; 
opposed,  no.     It  is  a  vote. 

Mr.  Hunter  McDonald,  Chairman  of  the  Committee  of  District 
No.  6. 

Hunter  McDonald,  M.  Am.  Soc.  C.  E.— The  members  from  District 
No.  6  nominate  Mr.  J.  A.  Ockerson,  of  St.  Louis. 
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The  President.  —  Gentlemen,  you  hear  the  report  of  District  No.  6 
nominating  Mr.  J.  A.  Ockerson,  of  St.  Louis.  Those  in  favor  of  the 
election  will  signify  it  by  saying  aye;  opposed,  no.     It  is  a  vote. 

District  No.  7,  Mr.  Cunningham. 

D.  W.  Cunningham,  M.  Am.  Soc.  C.  E. — I  had  not  been  with  any 
committee,  and  I  do  not  know  that  any  other  member  from  District 
No.  7  is  present. 

The  President. — Are  you  the  only  member? 

Mr.  Cunningham. — I  am  the  only  one  from  California.  I  do  not 
know  whether  there  is  any  from  any  other  part  of  this  district. 

The  President.  — I  do  not  believe  the  Convention  will  let  you  off, 
Mr.  Cunningham. 

Mr.  Cunningham. — Perhaps  you  did  not  mean  me.  There  is 
another  Mr.  Cunningham. 

The  President. — I  meant  you.  You  were  nominated,  you  accepted 
the  position  and  your  name  was  posted. 

Mr.  Cunningham.— Well,  I  didn't  know  it. 

A  Member. — You  nominate  the  other  man  and  that  will  let  you  off. 
(Laughter. ) 

The  President. — Those  in  favor  of  the  nomination  of  the  other 

(Laughter. ) 

Mr.  Cunningham. — I  nominate  Mr.  Hiram  Savage,  of  National  City. 

Mr.  Morison. — I  think  there  are  several  members  here  from  Texas 
which  is  in  the  same  district. 

The  President. — There  are.  The  report  of  the  Committee,  how- 
ever, Mr.  Morison,  has  been  made  and  is  now  before  the  meeting. 
Those  in  favor  of  accepting  the  report  of  this  Committee  nominating 
Mr.  Hiram  Savage  will  signify  it  by  saying  aye.  It  is  hardly  necessary 
to  put  the  noes.     It  is  a  vote.     Well,  those  opposed,  no. 

There  were  no  negative  votes. 

The  President. — Gentlemen,  I  am  hapjjy  to  report  that  that  part 
of  the  business  is  settled. 

Mr.  Wilson.— If  you  refer  to  Mr.  A.  C.  Savage,  of  Mexico  City, 
and  I  believe  he  is  the  gentleman  referred  to,  I  wish  to  correct  his 
initials. 

The  President. — It  is  impossible  to  correct  it  now.  If  there  are 
two  Mr.  Savages,  the  other  Mr.  Savage  is  elected.  Mr.  Cunningham, 
will  you  see  if  you  made  the  correct  report  from  your  Committee? 
(Laughter. ) 

Mr.  Cunningham. — I  refer  to  Mr.  Hiram  Savage,  of  National  City. 
I  have  forgotten  his  middle  initial. 

The  President. —  That  is  ancient  history  now.     The  next  business,     Time  and 
Mr.  Secretary,  the  time  and  place  for  holding  the  Convention,  which  is  convention, 
always  a  bone  of  contention  in  this  Society,  will  now  be  taken  up. 

The  Secretary. — The  Secretary  has  received  the  following  votes: 
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VOTES  RECEIVED  IN  REGARD  TO  TIME  AND  PLACE  FOR 
HOLDING  THE  ANNUAL  CONVENTION  OF  1900. 


Total  number  of  votes  received, 

Distributed  as  follows: 

Paris,  France     41 

Washington,  D.  C 15 

St.  Louis,  Mo 11 

Boston,  Mass 10 

Chicago,  111 8 

Cleveland,  Ohio 7 

White  Sulphur  Springs, 

Va 6 

New  York  City 6 


204. 

Richmond,   Va 6 

Saratoga,  N.  Y 4 

Pittsburg,  Pa 4 

Buffalo,  N.  Y  4 

Yellowstone  Park,  Wyo.  4 

Cincinnati,  Ohio 4 

Duluth,  Minn 4 

Old  Point  Comfort,  Va.  3 

Salt  Lake  City,  Utah..  3 


Two  votes  for  each  of  the  following  locations: 


Detroit,  Mich. 
Chattanooga,  Tenn. 
Lake  Champlain,  N.  Y. 
San  Francisco,  Cal. 
Montreal,  Que. 
Niagara  Falls,  N.  Y. 
Steamer  to  Duluth,  Minn. 


Denver,  Colo. 
Nashville,  Tenn. 
St.  Augustine,  Fla. 
St.  Paul,  Minn. 
Alexandria  Bay,  N.  Y. 
Louisville,  Ky. 


"  And  one  for  each  of  the  following  locations: 


Seattle,  Wash. 
Rochester,  N.  Y. 
Milwaukee,  Wis. 
Asheville,  N.  C. 
Topeka,  Wash. 
New  Orleans,  La. 
Albany,  N.  Y. 
Toronto,  Out. 
Manitou,  Colo. 
Mt,  Desert,  Me. 
Baltimore,  Md. 
Scranton,  Pa. 
White  Mts.,  N.  H. 
Ithaca,  N.  Y. 
Hotel  Kaaterskill,  N.  Y. 
Lake  Mohawk,  N.  Y. 
Saranac  Lake,  N.  Y. 
South. 
London,  Eng. 


Cape  May,  N.  J. 
Omaha,  Neb. 
Lake  George,  N.  Y. 
Hotel  Wentworth,  N.  H. 
Los  Angeles,  Cal. 
Adirondacks,  N.  Y. 
Houghton,  Mich. 
Texas. 

Kansas  City,  Mo. 
Chautauqua,  N.  Y. 
Mackinac  Island,  Mich. 
Mexico. 
Great  Lakes. 
Providence,  R.  I. 
Cresson,  Pa. 
West  Point,  N.  Y. 
Portland,  Ore. 
Havana.  Cuba. 
Porto  Rico. 


"  As  to  the  time  for  holding  the  Convention  the  result  is  as  follows: 

March 2        July 42 

April 6         August      10 

May 14        September 5 

June 95         October 2 

"Some  of  the  above-mentioned  votes  were  for  the  first  part  and 
last  part  of  the  month  mentioned,  and  a  few  of  them  mentioned  two 
consecutive  months.  Respectfully  submitted. 

"  Chas.  Warren  Hunt, 

"  Secretary. " 
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R.  B.  Stanton,  M.  Am.  Soc.  C.   E. — I  think  there  was  one  point  Discussion  on 
omitted  there  ?     Wasn't  there  one  vote  for  the  Philippine  Islands  ?       p)Jcelefand 

The  Secretary. — That  was  probably  lost  in  the  mails.  Convention. 

The  President. — Gentlemen,  yon  hear  the  report  from  the  Secre- 
tary.    What  is  your  pleasure  ?     The  Chair  awaits  a  motion. 

Mr.  Croes. — I  move  that  the  Convention  be  held  in  Porto  Rico. 

E.  P.  North,  M.  Am.  Soc.  C.  E. — I  second  the  motion. 

Mr.  Morison.— I  offer  an  amendment.  I  would  substitute  Dawson 
City  for  Porto  Rico. 

Professor  Euertes  rose  to  speak. 

The  President. — The  gentleman  did  not  give  his  name.  (Laugh- 
ter.) 

E.  A.  Euertes,  M.  Am.  Soc.  C.  E. — I  cannot  give  the  name,  but  I 
will  spell  it:  F-u-e-r-t-e-s. 

The  President. — Now,  what  is  your  motion,  Mr.  Euertes  ? 

Professor  Euertes. — I  second  the  motion,  sir. 

Mr.  Croes. — I  believe  that  Professor  Fuertes  is  the  only  native  of 
Porto  Rico  present  at  the  Convention. 

The  President. — Gentlemen,  you  hear  the  motion  of  Mr.  Croes, 
seconded  by  Mr.  Fuertes,  that  the  next  Convention  be  held  at  Porto 
Rico.     Mr.  Morison  has  the  floor. 

Mr.  Morison. — -I  simply  move  to  substitute  Dawson  City  for  Porto 
Rico. 

Henry  B.  Seaman,  M.  Am.  Soc.  C.  E. — (Spelling)  S-e-a-m-a-n.  I 
move  to  amend  the  motion  by  referring  the  matter  to  the  Board  of 
Direction. 

The  President. — That  is  an  amendment  to  an  amendment.  Do  you 
hear  the  motion,  gentlemen  ? 

A  Member. — Mr.  Morison's  amendment  was  not  seconded. 

The  President. — The  Chair  will  put  the  amendment  to  the  motion 
proposed  by  Mr.  Seaman,  as  it  is  a  motion  to  refer.  Those  in  favor 
of  referring  this  to  the  Board  of  Direction  will  signify  it  by  saying 
aye  ;  opposed,  no. 

The  motion  was  carried. 

The  President. — That  settles  the  place  of  the  Convention.  Are 
there  any  announcements  to  be  made,  Mr.  Secretary? 

The  Secretary. — I  might  repeat  the  announcement  as  to  the  train  Announce- 
on  Thursday  for  Atlantic  City.     There  may  have  been  somebody  who  Excursion! 
did  not  hear  it.     The  train  leaves  here  over  the  Pennsylvania  Road 
from  the  Pennsylvania  Depot  at  8.30  o'clock  sharp. 

Mr.  North. — In  the  morning? 

The  Secretary. — 8.30  o'clock,  sir,  is  always  in  the  morning,  accord- 
ing to  the  nomenclature  adopted  by  the  Society.  (Laughter  and  ap- 
plause. )  It  will  take  about  two  hours  to  run  over  to  Atlantic  City  and 
the  train  will  probably  return,   leaving  Atlantic  City,  about  half-past 
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Announce-  twenty — (laughter).     Oh,  no,  no— (Laughter  and  applause) — half-past 
Excursion,  sixteen,  and  get  here  at  halt-past  eighteen  or  a  quarter  to  nineteen. 
(Laughter. ) 

John  F.  O'Kourke,  M.  Am.  Soc.  C.  E.— Is  half-past  twenty  ten 
o'clock? 

The  President. — Please  address  the  Chair  and  give  name. 
The  Pkesident. — Is  there  any  business  now  before  the  meeting  be- 
fore we  take  up  the  regular  discussion?     The  Chair  awaits  any  motion. 
Resolution  Samuel  Whineey,  M.  Am.  Soc.  C.  E. — I  have  a  resolution  to  offer 

Collection  of  which  I  presume  is  appropriate  now.     It  is  this  : 
Statistics!  ' '  Reived:  That  the  Board  of  Direction  be  requested  to  consider  the 

advisability  of  urging  upon  the  Superintendent  of  the  Twelfth  Census 
the  importance  of  collecting  and  publishing  with  the  next  census, 
complete  statistics  of  municipal  works;  and  that  the  Board  of  Direc- 
tion be  authorized,  if  found  desirable,  to  co-operate  with  the  Census 
Department  in  formulating  methods  and  preparing  appropriate  forms 
for  the  collection  and  publishing  of  such  statistics." 

The  President. — Will  you  please  pass  that  up  here? 

Mr.  North. — Mr.  President,  I  wish  to  second  that  motion, 

The  President. — Gentlemen,  you  hear  the  motion  of  Mr.  Whinery, 
seconded  by  Mr.  North.  The  Chair  will  read  the  resolution.  (The 
President  read  the  resolution.)  What  is  your  pleasure  in  regard  to 
this  resolution? 
Discussion  on  Mr.  Whinery.— Mr.  President,  as  it  is  quite  generally  known,  some 
Municipal'  effort  has  been  made  in  the  past  two  censuses  of  the  United  States  to 
Statistics,  collect,  collate  and  publish  information  about  municipal  and  other 
public  works.  To  a  very  large  extent  this  has  been  a  failure.  I  under- 
stand that  in  the  last  census  a  very  large  amount  of  information  was 
collected,  but  it  was  found  in  such  fragmentary  shape  and  so  in- 
complete that  very  little  of  it  was  published.  Now  I  know  of  no  class 
of  information  that  is  more  interesting  and  valuable  to  the  public,  and 
certainly  there  is  none  that  would  be  of  more  value  to  our  profession 
than  complete  statistics  and  information  on  the  extent  and  cost  of  the 
municipal  works  of  American  cities.  Practically  everything  that  has 
been  done  in  collecting  such  information  in  this  country  has  been  by 
private  effort.  Some  of  our  engineering  publications  have  collected 
and  published  information  in  one  or  more  branches  of  municipal  work 
which  has  been  valuable  and  useful. 

The  Census  Department  is  collecting  information,  the  most  minute 
information,  on  very  many  other  subjects  of  far  less  importance  to  the 
public,  and  certainly  of  far  less  importance  to  the  profession  of  the 
civil  engineer  than  these  statistics  about  jjublic  works.  For  instance, 
any  of  us  are  far  more  interested  in  knowing  the  character,  the  extent 
and  the  cost  of  the  sewerage  systems  of  American  cities  than  we  are  in 
knowing  the  number  of  sheep  contained  in  any  one  State.  It  is  useless 
to  enlarge  on  this  point. 
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I  very  much  fear  that  unless  some  effort  is  made,  the  result  in  the 
coming  census  may  be  as  it  has  been  heretofore;  that  is,  that  there  will 
be  a  failure  to  collect  the  necessary  information  and  to  publish  the 
results,  and  it  seems  to  me  a  very  proper  thing  that  this  Society  should 
take  some  action  in  the  matter  and  should  urge  upon  the  Superinten- 
dent of  the  Census  the  importance  of  collecting  in  a  complete  and  sys- 
tematic way  all  this  class  of  statistics,  and  collating,  tabulating  and 
publishing  them  in  proper  form.     (Applause.) 

Eobert  Moore,  M.  Am.  Soc.  0.  E. — Mr.  Chairman,  I  think  all  the 
members  will  agree  that  it  is  very  desirable  that  statistics  of  this  kind 
should  be  gathered.  Whether  the  Census  Department  is  the  proper 
machine  by  which  to  do  that  is,  I  think,  much  more  than  doubtful. 
I  think  those  who  have  examined  our  census  reports,  or  the  last  ones, 
and  I  am  giving  the  opinions  of  others  than  myself,  the  opinions  of 
experts,  have  found  that  it  has  been  loaded  down  with  too  many  sub- 
jects; that  the  Census  Department  has  undertaken  a  great  deal  more 
than  it  is  possible  for  it  to  accomplish  successfully,  and  that  this  is  par- 
ticularly true  with  lines  of  inquiry  which  call  for  special  knowledge. 
You  turn  the  ordinary  census  enumerator  loose  in  gathering  the  stat- 
istics of  municipal  works,  and  he  is  certain  to  make  a  botch  of  it. 
And  this  is  confirmed  by  the  experience  of  the  Department  of  Labor, 
which  is  to  the  effect  that  the  only  successful  way  of  gathering  statis- 
tics of  the  technical  sort  particularly,  is  to  send  skilled  men  who  go 
to  the  places  which  they  are  to  examine  and  spend  time  enough,  by 
personal  inquiry  and  by  interrogating  the  proper  persons,  to  gather 
the  statistics.  I  think  if  you  employ  machinery  which  is  organized 
very  well  perhaps  for  gathering  the  numerical  statistics  of  population 
upon  a  problem  of  so  entirely  different  and  so  largely  technical  a 
nature  that  you  ai*e  certain  to  fail,  and  that  it  should  be  done  in  some 
other  and  better  way,  should  be  referred  to  some  department,  like  the 
Department  of  Labor,  which  has  machinery  for  gathering  statistics  of 
this  special  kind.  So  that,  as  the  motion  stands,  I  think  I  should  be 
obliged  to  vote  against  it. 

Mr.  O'Eourke. — Mr.  Chairman,  I  would  like  to  ask  Mr.  Whinery 
whether  it  is  not  true  that  statistics  of  that  description  are  collected 
by  experts  in  the  special  branches. 

The  President. — Mr.  Whinery  will  answer  the  question. 

Mr.  Whtnerx. — Mr.  President,  I  presume  they  are,  to  a  considerable 
extent,  but  those  statistics  are  not  accessible  to  the  public  or  to  the 
profession  at  large  in  many  instances. 

Mr.  O'Rotjrke. — So  that  it  is  likely  that  the  Census  authorities 
would  be  able  to  collect  as  good  information  on  that  subject  as  any- 
body else,  and  then  get  the  advantage  of  their  machinery  of  publica- 
tion and  circulation. 

Mr.  Whinery. — Yes.     Mr.  President,  if  I  may  add  right  here  in 
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Discussion  on  reply  to  Mr.  Moore — I  intended  to  defer  it  until  later,  but  as  I  am  on 
my  feet  I  may  as  well  speak  of  it  now.  I  think  it  would  be  impracti- 
cable to  collect  this  information  in  that  way.  If  collected  in  that  way 
it  would  be  unreliable  and  incomplete,  but  I  think  a  moment's  con- 
sideration will  show  that  it  is  not  necessary  to  resort  to  such  means 
for  collecting  this  information.  It  is  not  a  matter  of  going  around  or 
asking  this  man  how  old  he  is  or  how  many  sheep  he  has  or  that  sort 
of  thing.  It  is  the  sending  of  some  competent  person  to  these  cities, 
and  I  do  not  see  why  competent  men  should  not  be  employed  in  that 
way.  There  are  plenty  of  competent  men  who  could  be  secured  for 
that  service.  It  is  a  matter  of  sending  to  these  different  cities  a  man 
to  collect  the  information  which  is  generally  of  record  in  these  cities, 
so  that  the  method  of  collection  would  be  entirely  different  from  that 
ordinarily  employed  in  collecting  information  for  the  Census.  So  that 
I  think  that  the  objection  which  has  been  made  probably  lacks  force. 

The  Pbesldent. — I  wish  to  give  notice  that  at  eleven  o'clock,  the 
Chair  will  call  for  another  subject.     You  have  five  minutes. 

Mr.  Ckoes. — Mr.  President,  I  hope  that  this  resolution  will  pass  in 
the  form  in  which  it  was  offered  by  Mr.  Whinery.  It  is  a  resolution, 
as  I  understand  it,  requesting  the  Board  of  Direction  to  take  this 
matter  into  consideration.  There  is  now,  as  has  been  confessed  by 
the  other  members  present,  no  body  or  branch  of  the  Government 
which  is  authorized  to  collect  this  information.  The  Census  Bureau 
appears  to  be  at  present  a  body  which  will  be  most  qualified  to  collect 
it.  It  is  the  business  of  the  Board  of  Direction  to  inquire  into  that 
question  and  to  see  whether  the  Labor  Department  or  the  Census 
Bureau  would  be  the  most  fitted  for  the  purpose.  Nobody  can  ques- 
tion the  necessity  and  desirability  of  having  such  a  collection  of  infor- 
mation made.  Anybody  who  has  been  trying,  as  I  have  been,  for 
twenty  years  past  to  collect  statistics  in  regard  to  municipal  works 
knows  the  utter  impossibility  of  getting  any  reliable  data  from  the 
country  at  large,  and  this  would  be  a  means  of  collecting;  and  we 
want  the  Board  of  Direction  to  inquire  into  the  possibility  and  the 
feasibility  and  the  best  method  of  collecting  the  desired  information. 
This  is  a  definite  motion  referring  to  the  Board  of  Direction  the  ques- 
tion, which  is  the  best  source  of  obtaining  that  information,  and  it 
puts  the  matter  in  the  hands  of  a  few  men  who  can  consider  it  and 
who  will  report  to  the  Society,  and  if  they  find  that  the  Census  Bureau 
is  the  best,  they  need  not  report  to  the  Society,  and  can  go  on  and 
request  the  Superintendent  of  the  Census  to  collect  this  necessary 
information  in  a  rational  manner,  which  has  never  been  done  by  any 
department  of  the  Government  or  any  State  Department,  or  any  muni- 
cipality or  any  Society  at  all.  The  only  attempt  that  has  been  made 
to  formulate  the  subject  I  believe  has  been  by  the  new  Water-Works 
Association  which  has  gotten  up  a  series  of  questions  and  a  form  of 
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publication  of  statistics  of  water- works  in  New  England.  Those  ques- 
tions need  revising,  and  that  information  needs  revising  very  much 
indeed,  in  order  to  make  it  what  is  now  desired.  I  hope  that  the 
motion  will  pass. 

Mr.  Mooke. — Will  the  Chair  read  the  question  once  more? 

The  President. — Yes.  I  notice  in  this,  Mr.  Whinery,  that  you 
have  not  asked  the  Board  of  Direction  to  report  or  do  anything  but 
consider.  It  is  possible  a  word  is  left  out  here:  "  Resolved,  that  the 
Board  of  Direction  be  requested  to  consider  the  advisability  of  urging 
upon  the  Superintendent  of  the  Twelfth  Census  the  importance,"  etc. 
Whether  you  mean  to  consider  the 

Mr.  Whineky. — Read  the  final  clause,  please,  Mr.  President. 

The  President.  —  "And  if  found  desirable  to  co-operate  with  the 
Census  Department" — Yes,  I  see;  that  is,  you  give  the  Board  of 
Direction  authority. 

Mr.  Whinery. — Yes. 

Mr.  Croes. — That  is  a  very  comprehensive  resolution. 

The  President. — "Toco-operate  with  the  Census  Department  in 
formulating  methods  and  preparing  appropriate  forms  for  the  collec- 
tion and  publishing  of  such  statistics." 

Mr.  Moore. — I  see  that  it  does  not  contemplate,  however,  calling 
on  any  other  department  than  the  Census  Department,  even  if  the 
Board  should  think  best  to  do  so. 

The  question  was  called  for  by  several  members. 

The  President. — The  question  will  now  be  put.     Those  in  favor  of      voteon 
that  resolution  will  signify  it  by  saying  aye;  those  opposed,  no.  Collection  of 

The  resolution  was  adopted.  Statistics. 

The  President. — The  Secretary  will  read  a  letter. 

The  Secretary. — I  have  a  letter  from  Mr.  Percival  Roberts,  Pres- 
ident of  the  Pencoyd  Iron  Works,  addressed  to  the  Secretary  and 
written  June  26th,  1899,  as  follows: 

"Philadelphia,  June  26th,  1899. 
"  Mr.  Chas.  Warren  Hunt, 

"  Secretary,  American  Society  of  Civil  Engineers,  . 

' '  Care  of  Stockton  Hotel,  Cape  May,  N.  J.  irom  the 

"  Dear  Sir, — It  has  been  suggested  to  me  that  possibly  some  of  the  Pe°VorksIr°n 
members  of  the  Society  may  desire,  while  in  this  vicinity,  to  visit  our 
works  at  Pencoyd.     If  such  is  the  case  we  should  be  extremely  happy 
to  see  any  of  them  at  their  convenience,  and  will  make  the  necessary 
arrangements  for  an  examination  of  the  plant. 

"If  it  should  be  agreeable  to  any  considerable  number  to  fix  upon 
Saturday  next  as  the  time,  we  should  be  very  glad  to  arrange,  probably 
with  the  Reading  Railroad  Company — if  a  sufficient  number  signify 
their  willingness  to  be  present — to  have  a  special  train  run  directly 
from  the  Terminal  Station  to  Pencoyd  and  return,  if  we  are  advised, 
say,  probably  not  later  than  Thursday  next. 

"  I  have  requested  Mr.  Schneider  to  confer  with  you  in  the  matter 
and  make  any  necessary  arrangements  concerning  the  same. " 
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Now,  whatever   arrangements   are   made   for  such  a  visit  as   Mr. 

Roberts  outlines,  will  depend  on  the  number  of  people  who  wish  to  go. 

If  any  one  who  desires  to  visit  the  Pencoyd  Iron  Works  will  report 

that  fact  in  the  office  of  the  Secretary  at  the  other  end  of  the  hall,  the 

Secretary  will  report  to  Mr.  Schneider,  who  assures  me  that  they  will 

be  very  well  taken  care  of. 

The  President. — Has  any  gentleman  any  business  of  importance  to 

bring  up  before  the  business  meeting  is  brought  to  an  end  ? 

Resolution  Mr.  Seaman. — Mr.  President,  if  new  business  is  in  order  there  is 

ExpenseVof  oue  sukJec'  which  I  would  like  to  mention  and  possibly  hear  opinions 

Nominating  from  individuals,  and  if  thev  see  fit,  a  motion  can  be  made  referring 
Committee. 

the  matter  to  the  Board  of  Direction  with  the  request  or  with  power  to 

act.  It  is  the  question  of  the  expenses  of  the  Nominating  Committee 
in  attending  the  meeting  in  August  for  the  nominations.  I  was  a 
member  of  District  No.  1,  and  live  in  New  York  City,  so  that  my  ex- 
penses were  only  nominal;  but  when  people  come  from  California  or 
St.  Louis  and  have  to  pay  their  own  expenses,  it  does  not  seem  to  me 
quite  fair;  and  unless  the  Society  makes  some  provision  to  bear  the 
expenses  which  are  incurred  in  its  service,  I  think  the  result  will  be 
that  we  shall  not  have  a  representative  attendance  at  these  meetings. 
I  therefore  would  suggest  that  a  motion  be  made,  if  it  meets  the  ap- 
proval of  the  meeting,  that  the  matter  be  referred  to  the  Board  of 
Direction  with  the  request  that  the  necessary  expenses  incurred  in 
attending  these  meetings  be  borne  by  the  Society. 

The  President. — Do  you  make  a  motion,  Mr.  Seaman,  to  that 
effect? 

Mr.  Seaman. — I  will  make  a  motion  to  that  effect.  Perhaps  that 
will  draw  out  the  opinion  of  the  members  present.     (Seconded.) 

The  President. — Will  you  please  put  it  in  writing,  Mr.  Seaman, 
and  I  will  put  it  now. 
Discussion  on        J-  ^-  Chester,  Assoc.  M.  Am.  Soc.  C.  E. — As  an  ex-member  of  the 
Expenses  of   Nominating  Committee,  having  felt  the  importance  of  this,  I  second 
Committee.    Mr.  Seaman's  motion. 

The  President. — You  hear  the  motion,  gentlemen.  Those  in 
favor 

Palmer  C.  Ricketts,  M.  Am.  Soc.  C.  E. — Is  there  to  be  no  dis- 
cussion of  this  motion  now? 

The  President. — There  is  no  time  for  discussion. 

Mr.  Ricketts. — What  I  have  to  say  will  be  very  brief.  Why  should 
not  this  apply  to  the  members  of  the  Board  of  Direction  also?  Where 
are  we  going  to  stop  if  we  begin  with  this?  I  think  this  matter  ought 
to  be  pretty  carefully  considered.  If  the  expenses  of  the  members  of 
the  Nominating  Committee,  from  California,  for  instance,  are  to  be 
paid  by  the  Society,  why  not  pay  the  expenses  of  a  member  of  the 
Board  of  Direction   from  California  or  New  Orleans,  and  pay  it  once 
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a  month.  It  would  cost  us  somewhere  between  one  and  twenty 
thousand  a  year,  I  suppose.  I  think  this  question  ought  to  be  pretty 
carefully  considered.  If  a  man  accepts  such  an  office,  I  think  he 
ought  to  be  willing  to  stand  some  of  this  expense.  We  cannot  tell 
where  to  stop  in  this  matter. 

Mr.  Whineey. — This  motion,  as  presented  by  Mr.  Seaman,  consists 
of  two  parts.  The  first  is  that  the  question  be  referred  to  the  Board 
of  Direction.  The  second  is  that  the  Board  be  recommended  to  bear 
these  expenses.  I  am  in  favor  of  the  first  part  of  the  motion,  but  I 
move  to  amend  by  striking  out  the  latter  part. 

The  President. — Has  Mr.  Seaman  got  his  motion  in  writing  yet? 

Mr.  Seaman. — I  think  the  stenographer  has  it. 

The  President. — The  stenographer  will  read  the  motion. 

The  stenographer  read  Mr.  Seaman's  motion  as  follows: 

"  I  therefore  would  suggest  that  a  motion  be  made,  if  it  meets  the 
approval  of  the  meeting,  that  the  matter  be  referred  to  the  Board  of 
Direction  with  the  request  that  the  necessary  expenses  incurred  in 
attending  these  meetings  be  borne  by  the  Society.  *  *  *  I  will 
make  a  motion  to  that  effect." 

The  President. — Is  the  motion  in  the  form  that  you  intended  it, 
Mr.  Seaman? 

Mr.  Seaman. — Yes,  that  is  right.  I  do  not  wish  to  do  more  than  my 
share  of  the  talking  on  this  subject,  but  as  to  the  Society  paying  the 
expenses  of  the  members  of  the  Board  of  Direction  in  coming  to  their 
meetings  I  would  suggest  that  the  votes  of  the  Board  of  Direction  are 
often  received  by  mail,  and  that  votes  sent  by  mail  are  ruled  out  at 
meetings  of  the  Nominating  Committee;  that  a  man  must  attend  the 
meeting  of  the  Nominating  Committee  to  have  a  vote.  Furthermore, 
people  do  not  accept  positions  on  the  Nominating  Committee.  They 
are  nominated  whether  they  attend  here  or  not,  and  the  vote  of  the 
meeting  on  their  appointment  is  taken  whether  they  attend  here  or 
not,  and  they  are  afterward  notified. 

Mr.  Croes. — Mr.  President,  I  would  like  to  suggest  that  Mr. 
Seaman  divide  his  motion  into  two  parts;  the  first  being  as  is  stated, 
that  the  Board  of  Direction  be  requested  to  consider  the  propriety  of 
paying  the  expenses  of  the  members  of  the  Nominating  Committee, 
and  the  other  being  that  the  meeting  recommends  the  adoption  of  a 
resolution  by  the  Board  to  that  effect  or  recommends  that  the  Board 
of  Direction  favorably  consider  this  proposition.  That  would  bring 
out  the  sense  of  this  meeting.  It  would  refer  the  matter  to  the  Board 
of  Direction  and  bring  it  before  the  Board  in  such  a  way  that  they 
cannot  avoid  entertaining  the  question,  and  then  it  will  be  simply  a 
question  of  the  opinion  of  this  meeting  with  reference  to  the  propriety 
of  it.  Will  Mr.  Seaman  divide  his  motion  in  that  way?  In  the  first 
place  that  the  Board  of  Direction  be  requested  to  consider  the 
propriety  of  paying  the  expenses  of  the  members  of  the  Nominating 
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Discussion  on  Committee  in  attending  the  meeting  at    which  the  nominations  are 
NoSung    matle-     That  would  be  the  first  proposition. 

Committee  w.  W.  Curtis,  M.  Am.  Soc.  C.  E.— I  would  like  to  ask  if  there  is 

(continued).  . 

any  provision  in  the  Constitution  or  By-Laws  of  this  Society  whereby 

a  member  of  the  Nominating  Committee  unable  to  attend  can  decline 
and  some  one  have  the  right  to  replace  him?  It  seems  to  me  that  is  a 
very  necessary  feature  in  this.  We  constantly  elect  people  on  that 
committee  who  are  not  present.  If  there  is  no  provision  whereby  a 
gentleman  who  is  elected  and  cannot  attend  cannot  secure  represen- 
tation for  his  district,  then  it  seems  to  me  that  the  Society  can  fairly 
and  reasonably  make  provision  for  expenses  under  such  circum- 
stances. 

Mr.  Croes. — That  is  a  question  of  the  Cons  tit  ution  I  take  it. 

The  President.  — I  think  the  Secretary  may  have  a  suggestion  to 
make  about  that.     I  think  there  is  a  provision  so  that  a  quorum 

The  Secretary. — I  think  the  idea  of  making  the  Nominating 
Committee  fourteen  with  the  last  five  living  Past  Presidents  of  the 
Society  (nineteen  in  all)  was  for  the  purpose  of  securing  a  representa- 
tive meeting  of  the  Nominating  Committee.  There  are  two  members 
from  each  of  the  seven  geographical  districts,  one  holding  over  from 
last  year,  and  then  one  from  each  of  these  districts  elected  this  year. 
That  is  the  only  provision  I  know  of  that  would  cover  the  matter. 

Benjamin  M.  Haueod,  Past-President,  Am.  Soc.  C.  E. — My  experi- 
ence with  the  Nominating  Committee  is  limited  to  one  year,  and  I  am 
not  sure  that  I  am  familiar  with  its  methods  of  proceeding,  but  it  seems 
to  me  that  part  of  this  difficulty,  if  not  all  of  it,  could  be  met  by  giving 
to  correspondents  the  right  to  ballot,  and  by  prolonging  the  proceed- 
ings of  nominating  long  enough  to  transmit  to  the  members  of  the 
committee  the  proceedings  of  the  first  meeting,  allowing  them  to  write 
back  and  give  their  views,  and  give  to  those  views  the  weight  of  a 
ballot,  and  I  think  if  that  goes  before  the  Board  of  Direction  they 
could  outline  some  new  method  for  the  proceedings  of  the  committee 
that  would  meet  the  case  in  point;  siniply  to  have  a  meeting  of  those 
who  can  attend  at  first,  let  the  proceedings  of  that  meeting  be  trans- 
mitted to  all  the  members,  let  the  other  members  who  are  not  present 
join  by  correspondence  and  give  that  correspondence  the  weight  of  a 
ballot. 

A  Member. — A  vote  by  letter  ballot  in  other  words? 

Mr.  Harrod. — By  letter  ballot. 

Mr.  Chester.— Another  suggestion  I  think  of,  and  that  would  be  to 
change  the  date  of  the  election  of  this  Committee  to  the  Annual 
Meeting  in  January,  allow  the  organization  of  the  committee  to  take 
place  between  that  time  and  the  Annual  Convention;  then  let  the 
meeting  be  held  at  the  Annual  Convention,  and  nominations  take  place 
at  that  time  would  be  in  amjile  time  for  discussion  or  change  before 
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January  next  year.  That  is,  elect  the  committee  one  year  before  the 
election  of  the  officers  instead  of  at  the  Annual  Convention. 

Mr.  Morison. — Mr.  President,  I  have  served  as  a  member  of  the 
Nominating  Committee  for  two  years  longer  than  Major  Harrod.  I 
think  there  are  two  or  three  points  in  this  connection  which  can  be 
briefly  stated  and  which  show  that  we  cannot  for  the  present  change 
the  method  of  proceeding.  I  will  say,  as  a  preliminary  matter  to  this, 
that  I  think  our  method  of  nominating  officers  can  be  very  materially 
improved,  but  that  it  cannot  be  done  without  a  change  of  the  Consti- 
tution. I  think  the  true  method  of  nominating  officers  is  by  sending 
suggestions  around  to  which  replies,  in  the  nature  of  letter  ballots, 
will  be  received;  but  that  cannot  be  done  under  the  present  provisions. 
The  Nominating  Committee,  as  it  now  exists,  is  a  committee  abso- 
lutely independent  of  the  Board  of  Direction,  which  makes  its  own 
rules  and  acts  under  them,  and  is  itself  a  close  body,  reserving  its  own 
secrets,  and  an  entirely  independent  committee.  When  it  makes  its 
nominations,  those  nominations  are  before  the  Society,  and  any  other 
ten  members  can  make  another  nomination  which  will  appear  on  the 
ticket  in  precisely  the  same  way  as  the  nomination  made  by  the  Nomi- 
nating Committee.  But  the  committee  has  to  meet  and  attend  to  its 
work  in  time  to  go  through  all  the  necessary  routine  prescribed  in  the 
Constitution.  The  committee  must  first  meet  and  make  its  nominations, 
then  must  ascertain  whether  those  nominations  are  accepted;  after 
which  it  reports  in  accordance  with  the  provisions  of  the  Constitution. 

The  President. — On  the  first  day  of  October. 

Mr.  Morison. — On  the  first  day  of  October.  The  time  is  pretty 
short,  but  so  far  the  time  has  proved  to  be  enough.  All  members  of 
the  Nominating  Committee  are  expected  to  attend  that  meeting.  They 
do  not  all  come,  but  any  member  of  the  Nominating  Committee  who 
does  not  attend  has  the  privilege  of  sending  any  suggestions  in  which 
he  sees  fit.  It  has  been  ruled  that  he  cannot  give  a  proxy,  for  there 
is  no  provision  in  the  Constitution  authorizing  the  voting  of  the 
members  of  this  committee  by  proxy.  The  result  is  that  at  the  first 
meeting  of  the  Nominating  Committee,  all  communications  are  read 
and  nominations  are  made.  Then  time  remains  to  report  all  these 
nominations  to  the  members  of  the  Committee  who  are  not  present  and 
to  secure  their  acceptance.  The  members  who  are  not  present  cannot 
vote.  They  can  express  their  opinions,  and  they  are  informed  of  the 
action  of  the  Committee.  But  that  is  all  that,  under  the  present  form 
of  the  Constitution,  they  are  capable  of  doing.  I  think,  myself,  that 
this  is  one  of  the  points  of  the  Constitution  which  is  susceptible  of  very 
great  improvement,  but  that  is  not  a  question  now  before  the  meeting. 
As  regards  the  payment  of  a  mileage,  or  expenses,  to  the  members 
attending  that  meeting,  on  the  face  of  it,  so  far  as  they  are  concerned, 
it  would  be  a  very  just  thing  to  do,  but  a  Society  of  this  kind  cannot 
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Discussion  on  proceed  entirely  on  the  basis  of  justice.     We  are  organized  for  the 

Expenses  of  benefit  of  onr  profession,  and  we  must  expect  to  give  of  our  time,  our 

Nominating  x  .,,«,., 

Committee    work  and  our  money  for  the  benefit  of  the  Society,  and  this  is  one  of 

the  occasions  when  it  seems  to  me  that  it  is  much  safer  to  rely  on  the 
patriotism,  so  to  speak,  of  the  members,  than  to  draw  on  the  compara- 
tively limited  funds  of  the  Society.     (Applause.) 

Mr.  Hareod. — I  would  like  to  ask,  if  thi3  committee  is  entirely  in- 
dependent of  the  Board  of  Direction,  whether  it  has  not  authority  to 
receive  a  ballot  by  proxy?  Is  there  anything  in  the  Constitution  that 
prohibits  that?  It  makes  its  own  record.  It  governs  itself.  Is  it  not 
competent  to  make  such  a  regulation  as  that;  and  in  three  months 
from  the  first  of  July  to  the  first  of  October,  isn't  there  time  for  that 
Committee  to  correspond  with  its  absent  members  and  still  get  through 
on  the  first  of  October? 

Mr.  Howe.  —  Having  served  as  Secretary  of  the  Nominating  Com- 
mittee one  year  I  think  I  can  give  some  light  on  the  question  asked  by 
the  last  speaker.  Tbe  time,  as  Mr.  Morison  has  said,  is  exceedingly 
short.  After  this  meeting  the  Secretary  of  that  Committee  is  obliged 
to  send  out  notices  to  nineteen  members  of  that  Committee  and  get 
replies  as  to  whether  they  will  attend  that  meeting.  As  has  been 
voted  by  the  Nominating  Committee,  the  meeting  will  be  held  on  the 
third  Wednesday  in  August.  After  that  meeting  is  held,  my  exper- 
ience is,  that  there  is  barely  time  to  get  replies  to  those  who  are 
nominated  for  the  different  offices  and  get  the  report  into  the  hands  of 
the  Board  of  Direction  by  the  first  of  October.  As  to  voting  by  proxy, 
there  is  one  difficulty  about  that.  An  absent  member  can  send  in  his 
vote  for  some  one  for  one  office  who  may  be  elected  to  another  office; 
or  he  might  be  desirous,  if  his  candidate  for  President  was  not  nom- 
inated for  President,  that  he  should  be  nominated  for  Vice-President, 
and  in  the  discussions  in  the  meetings  of  the  Committee  it  has  always 
seemed  wise  to  the  Committee  that  there  should  be  no  voting  by  proxy, 
and  as  to  the  opinions  of  the  absent  members,  I  remember  at  the  last 
meeting  there  were  several  letters  from  persons  who  did  not  attend  the 
meetings  and  their  wishes,  particularly  as  regards  the  Directors,  were 
complied  with,  and  the  Nominating  Committee  nominated  persons 
whom  the  absent  members  suggested. 

Mr.  Seaman. — I  am  heartily  in  sympathy  with  the  suggestion  of 
Mr.  Harrod  that  this  whole  matter  be  done  by  correspondence,  and  I 
think  that  a  modification  of  the  motion  to  refer  to  the  Board  of  Direc- 
tion would  be  a  proper  one.  So  far  as  the  recollection  of  Mr.  Howe 
as  to  how  last  year's  Committee  worked,  that  the  suggestions  were 
received  by  mail,  my  recollection  is  directly  to  the  contrary — that  we 
had  two  letters  last  year  arid  in  neither  case  were  the  candidates 
elected. 

Mr.  Howe. — In  answer  to  Mr.   Seaman — what  I  meant  to  say  was 
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that  the  wishes  of  the  absent  members,  as  regards  the  Directors  from 
their  district,  were  complied  with. 

Mr.  Mobison. — The  matter  I  want  to  refer  to  is  exceedingly  brief, 
but  it  shows  the  difficulty  that  we  labor  under.  The  Nominating  Com- 
mittee is  required  to  report  at  a  fixed  date.  The  Nominating  Com- 
mittee is  appointed  at  the  Convention,  which  is  held  at  a  movable  date. 
The  Convention  date  may  vary  from  April  to  August.  Last  year  it  was 
held  late  in  July.  This  year  it  is  held  in  June,  and  it  throws  difficul- 
ties in  the  way  which  must  be  considered  in  this  connection.  I  merely 
mention  that  to  show  the  kind  of  difficulties  under  which  we  now 
labor. 

Mr.  Croes.  — It  seems  to  me  that  we  are  wandering  off  into  a  discus- 
sion of  the  Constitution  and  not  of  the  question  at  issue  before  this 
Convention.  It  is  simply  the  motion  of  Mr.  Seaman  that  the  Board  of 
Direction  be  requested  to  consider  the  propriety  of  paying  the  expenses 
of  the  members  of  the  Nominating  Committee  in  attending  the  meeting. 
That  is  the  motion  as  I  take  it  now.     Isn't  that  so,  Mr.  Seaman? 

The  President. — That  is  correct. 

Mr.  Croes. — That  is  the  only  motion  there  is  before  the  house  and 
we  are  wandering  off  into  a  discussion  of  the  Constitution. 

Mr.  Harrod. — I  want  to  amend  Mr.  Seaman's  resolution  if  it  is 
exactly  as  Mr.  Croes  stated,  "and  that  the  Board  of  Direction  be  au- 
thorized to  further  consider  the  matter  and  make  further  suggestion 
in  regard  to  methods  for  the  nomination  of  officers." 

The  President. — Does  Mr.  Seaman  accept  that  amendment? 

Mr.  Seaman.  — I  do. 

Mr.  North. — May  I  suggest  that  it  would  be  well  for  the  Board  of 
Direction  to  be  instructed  to  report  at  the  Annual  Meeting  their  plan? 

The  President. — Major  Harrod,  was  your  amendment  to  consider 
the  whole  question  or  to  consider  the  propriety  of  a  report? 

Mr.  Harrod. — To  consider  the  whole  question. 

The  President. — The  question  now  before  the  house  is  this:  Mr. 
Seaman  moves  that  the  Board  of  Direction  be  requested  to  consider 
the  propriety  of  providing  for  the  payment  of  the  expenses  of  the 
members  forming  the  Nominating  Committee  in  attending  the  meeting. 

Mr.  Croes. — Attending  what  meeting? 

The  President. — Of  the  Nominating  Committee. 

Mr.  Croes. — At  what  date? 

The  President. —No  date  mentioned, — and  to  report  their  recom-      Vote  on 
mendations  at  the   Annual  Meeting.     Those  in  favor  of  the  motion  Expenses  of 
please  signify  it  by  saying  aye;  opposed,  no.  Committee* 

The  motion  was  carried. 

Mr.  Mobison. — I  think,  in  furtherance  of  Mr.  Harrod 's  suggestion, 
that  it  would  be  well  to  refer  the  Article  to  the  Board  of  Direction, 
and  I  would  move  that  the  matter  of  the  revision  of  the  Article  of  the 
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Motion        Constitution  relating  to  the  nomination  of  officers  be  referred  to  the 
No^narion^of  Board  of  Direction.     (Seconded.) 

Officers.  The  Peesident. — Gentlemen,  you  hear  the  motion  of  Mr.  Morison 

that  the  Article  of  the  Constitution  referring  to  this  matter  of  the 
Nominating  Committee  be  referred  to  the  Board  of  Direction  for  con- 
sideration and  report.  Those  in  favor  of  that  motion  will  signify  it  by 
saying  aye;  opposed,  no. 

The  motion  was  carried. 
Committee  on         Mr.  O'Rourke.  — Before   the  question  of  sewage  contamination   is 
Time™       taken  up,  I  would  like  to  ask  whether  any  report  has  been   received 
from  the  Committee  on  Standard  Time? 

The  President. — Will  the  Secretary  please  answer  that  question? 

The  Secretary. — No  report  has  been  received  from  the  Committee 
on  Uniform  Standard  Time;  the  status  of  the  matter  being  that  at  the 
last  Annual  Meeting  of  the  Society,  a  resolution  was  passed  request- 
ing that  Committee  to  make  a  final  report  at  this  Convention.  The 
Committee  was  informed  of  that  action,  but  nothing  further  has  been 
heard  from  it. 

Mr.  O'Rourke. — Mr.  Chairman,  I  would  then  move  that  the  Board 
of  Direction  be  requested  to  take  up  that  matter  and  settle  it  so  that 
we  do  not  have  the  same  thing  staring  lis  in  the  face  at  every  meet- 
ing. 

The  President. — I  am  afraid  this  means  an  hour  and  a  half  debate. 
Gentlemen,  is  that  motion  seconded? 

A  member  seconded  the  motion. 

„  .  The  President. — It  is  moved  and  seconded  that  the  Board  of  Direc- 

Vote  on 

Question  of  tion  be  requested  to  take  up  the  matter  of  Standard  Time  and  settle  it 
Time.  for  all  time.  Those  in  favor  of  that  motion  will  signify  it  by  say- 
ing aye;  opposed,  no. 

The  Chair  was  unable  to  decide  whether  the  ayes  or  the  noes 
prevailed,  and  the  question  was  put  a  second  and  a  third  time  with 
the  same  result.     There  were  calls  for  a  division. 

The  Prksident. — The  house  will  be  polled.  Those  in  favor  of 
that  motion  will  rise  and  stand  until  counted. 

Seventy-one  members  rose. 

The  President. — Those  opposed  will  rise  and  stand  until  counted. 

Thirty-four  members  rose. 

The  President. — The  Chair  was  deceived;  there  was  lots  of  noise 
in  that  minority.     (Laughter.)     It  is  a  vote. 

Adjourned. 
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THE    INTERNATIONAL    NAVIGATION    CONGRESS    HELD    AT 
BRUSSELS    IN    1898. 

Remarks  by  Elmek  L.  Cokthell,  M.  Am.  Soc.  C.  E. 

Mr.  President,  as  I  have  not  been  able  to  prepare  a  complete  report 
on  this  subject,  I  must  give  you  only  a  very  desultory  one,  but  I  hope 
to  secure  your  interest  and  your  co-operation  and  assistance  in  future 
congresses. 

Four  years  ago  at  the  Hotel  Pemberton,  Boston,  I  presented  to  the 
Auuual  Convention  of  the  Society  a  written  report  on  the  subject  of 
the  literary  product  of  the  International  Engineering  Congress  at 
Chicago.  This  year  I  am  to  give,  not,  as  I  say,  a  written  or  complete 
report,  but  a  very  desultory  report  on  the  International  Navigation 
Congress  held  at  Brussels  last  year.  In  1898,  some  time  in  March,  I 
think,  I  was  appointed  a  delegate,  duly  commissioned  by  Mr.  Sherman, 
the  Secretary  of  State,  with  the  remark,  especially  emphasized,  that 
the  department  had  no  money  to  pay  the  expenses  (laughter),  but  he 
would  like  to  have  me  attend  and  would  also  like  to  have  me  write  a 
report.  Consequently  on  my  return  last  fall  I  began  to  write  a  report, 
but  professional  engagements  and  an  absence  of  three  months  in 
Mexico  have  prevented  my  forwarding  to  Secretary  Hay  anything 
more  than  a  very  brief  preliminary  report.  He  very  promptly  sent 
it  to  Congress.  It  was  printed,  and  copies  are  to  be  had.  I  brought 
a  few  with  me  and  have  them  here  in  case  any  one  would  care  to 
have  one.  But  I  wish  to  make  a  report  that  would  have  more  useful- 
ness than  simply  a  brief  resume  of  what  happened  at  Brussels.  I 
am  not  a  good  French  scholar,  and  you  can  imagine  the  amount  of  ardu- 
ous work  that  I  have  done  and  still  have  to  do  in  the  midst  of  other 
business,  to  make  a  full  and  satisfactory — that  is,  satisfactory  to  me 
even — resume  of  about  a  thousand  pages  in  French.  I  am  endeavoring 
to  get  it  into  such  shape  that  engineers  will  be  interested  in  it,  and  that 
it  will  be  useful  to  our  profession  and  to  the  important  navigation  in- 
terests of  the  United  States.  I  was  also  appointed — not  a  representa- 
tive— but  was  asked  by  the  Secretary  of  this  Society,  at  the  request 
of  Mr.  Fteley,  the  President  in  1898,  to  be  at  Brussels  as  a  member  of 
the  Society.  On  account  of  the  war  with  Spain  I  was  the  only  repre- 
sentative of  the  United  States  Government  or  of  engineering  societies 
of  this  country.  There  were  a  few  gentlemen  there  from  the  United 
States  as  individual  members,  or  adherents,  of  the  Congress. 

I  wish  to  give  you  a  brief  resume  of  this  Congress  in  order  to  con- 
vey a  correct  idea  of  it,  so  that  you  may  appreciate  its  importance  as  an 
engineering  and  commercial  organization.  At  first  there  were  two 
kinds  of  Congresses  held.  One  was  a  Maritime  Congress  and  the  other 
was  an  Inland  Navigation  Congress.     The  Maritime  Congress  was  held 
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first  in  Paris  in  1889,  and  again  in  .London  in  1893.  The  Inland  Navi- 
gation Congress  was  held  first  at  Brussels  in  1885,  at  Vienna  in  1886, 
at  Frankfort  in  1889,  at  Manchester  in  1890,  at  Paris  in  1892,  and  at  the 
Hague  in  1894.  At  the  Hague  it  was  decided  that  the  two  Congresses 
should  be  united  under  the  name  of  the  International  Congress  of 
Navigation,  intending  by  that  title  to  embrace  all  subjects  of  naviga- 
tion, from  the  head  waters  of  the  rivers,  to  the  light  houses  out  at 
sea.  It  was  intended  to  be  held  in  Italy  in  1896,  but  on  account  of 
some  complications  which  that  country  was  in  at  that  time  it  was 
decided  that  it  would  not  be  best  to  hold  the  Congress  there,  and  it 
went  over  to  1898  at  Brussels.  The  scope  of  this  Congress  is  in- 
tended to  and  generally  does  now  embrace  the  following  subjects: 
Canals,  canalized  rivers,  ship  canals,  river  improvements,  entrance 
channels,  ports  and  harbors,  their  construction,  maintenance  and  oper- 
ation, practical  questions  involving  appliances,  plant,  methods  of 
navigation,  etc.  Papers  are  written  upon  these  subjects,  they  are 
discussed,  and  the  questions  are  decided  upon  by  the  Congress  itself. 
In  organizing  a  Congress  the  method  genei'ally  followed  is  for  the 
Government  of  the  country  where  the  Congress  is  to  be  held  to  invite 
other  Governments  of  the  world  to  send  their  delegates.  Invitations 
to  the  Congress  at  Brussels  were  sent  out  by  the  Minister  of  Foreign 
Affairs,  corresponding  to  our  Secretary  of  State.  Invitations  were 
extended  to  all  foreign  governments,  and  the  Organizing  Committee 
invited  societies,  associations,  etc.,  to  send  delegates. 

There  were  121  government  delegates  representing  24  nations. 
Then  there  were  delegates  of  municipalities,  engineering  and  other 
technical  societies,  chambers  of  commerce,  navigation  associations  and 
commercial  and  industrial  organizations  of  various  kinds  interested  in 
any  way  in  the  subject  of  navigation.  Of  these  there  were  410  dele- 
gates Twelve  engineering  societies  were  represented  by  regularly 
constituted  delegates.  There  were  59  of  these  delegates.  Twenty  cities 
were  represented  as  cities,  with  34  delegates.  There  were  37  chambers 
of  commerce  with  56  delegates.  There  were  75  navigation  and  com- 
mercial organizations  with  45  delegates.  There  were  industrial  and 
agricultural  societies;  manufacturers,  like  manufacturers  of  dredging 
machines;  the  John  Cockerill  Works  at  Seraing,  and  other  similar 
works;  steamship  companies;  ship  canal  companies;  in  fact  the  whole 
range  of  navigation  was  represented  at  that  Congress.  There  were 
2)rivate  members  in  addition  to  these,  numbering  840  ;  that  is  to  say, 
not  delegates  of  governments  or  municipalities.  The  total  member- 
ship was  1  371.  Of  these  862  were  from  countries  other  than  Belgium. 
There  were  in  all  35  nationalities  represented.  The  number  of  civil 
engineers  was  about  600. 

Comparing  this  Congress  with  previous  Congresses,  there  were  at  the 
Hague  in  1894,  1  048  members  with  20  nationalities  represented.     At 
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Paris,  in  1892,  there  were  1  042  members  with  22  nationalities  repre- 
sented. At  Brussels,  in  1885,  which  was  the  earliest  Congress,  there 
ware  407  members  with  13  countries  represented.  This  last  Congress 
at  Brussels  was  held  under  the  "  high  patronage  "  of  His  Majesty  King 
Leojjold,  King  of  the  Belgians,  who  took  really  an  active  interest  in 
it.  There  were  four  honorary  presidents;  one  was  Prince  Albert  and 
th1  others  were  the  ministers  of  three  of  the  departments  that  have 
to  do  with  such  matters.  One  of  these  ministers,  the  Minister  of 
Agriculture  and  Public  Works,  presided  at  many  of  the  meetings. 
You  will  see  from  this  that  the  Government  itself  took  an  active 
interest  in  the  proceedings.  There  was  a  committee  of  patronage  of 
very  distinguished  men  from  all  over  Belgium.  There  were  two 
general  presidents,  one  of  whom  was  always  present  at  the  meetings, 
and  they  were  men  who  held  important  positions  in  the  Belgian 
Government.  There  Were  various  committees  which  organized  the 
Congress.  In  the  preparation  of  this  Congress  there  was  a  com- 
mittee of  organization  which  arranged  the  subjects  of  the  papers 
and  sent  them  out  in  the  fall  and  early  winter  of  1897,  inviting 
papers  on  the  subjects.  There  were  71  regular  papers  sent  in,  of 
which  20  were  in  German,  6  in  English,  4  in  Dutch,  41  in  French; 
1  066  pages  in  all  and  123  pages  of  plates.  There  were  also  presented 
25  to  30  papers,  which  were  either  too  late  to  be  admitted  or  were  on 
subjects  not  comprised  in  the  regular  list  of  questions.  The  regular 
papers  were  printed  and  sent  to  the  members  of  the  Congress  in  time 
to  be  read  before  the  meeting  took  place  in  Brussels.  The  papers 
consequently  were  well  known  to  the  members  before  they  came  to 
Brussels.  The  report  of  which  I  spoke  in  the  beginning  of  my 
remarks,  and  which  I  am  preparing,  will  contain  about  200  printed 
pages  with  about  115  plates,  which  will  be  bound  with  it,  and  I  hope 
this  will  be  published  by  Congress,  as  the  preliminary  report  was, 
and  distributed,  so  that  members  of  this  Society  can  have  the  use 
of  it.  I  may  add  that  between  600  and  700  members  were  present 
at  the  meetings.  It  was  probably  one  of  the  largest  Congresses  in 
the  way  of  personal  attendance  that  has  ever  been  gotten  together 
on  any  subject  connected  with  engineering  and  navigation.  The 
Belgian  Government  provided  two  very  suitable  buildings  for  the 
holding  of  this  Congress.  As  you  know,  most  of  the  foreign 
governments  have  buildings  that  are  suitable  for  such  assemblies. 
Unfortunately  we  do  not  have  in  Washington  at  the  seat  of  our 
Government,  buildings  suited  for  the  holding  of  International  Con- 
gresses, but  you  probably  know  that  an  effort  is  being  made  to  obtain 
the  necessary  legislation  and  appropriation  for  building  what  is  to  be 
called  the  Temple  of  Justice,  in  Washington,  which  can  be  used  for 
the  holding  of  such  Congresses  as  that  at  Brussels.  Probably  within 
a  few  years  we  will  have  such  a  building,  and  then  we  will  be  on  a  par 
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with  other  governments  which  already  have  those  buildings  for  such 
purposes. 

Now,  I  will  simply  analyze  briefly  the  subjects  which  the  Congress 
at  Brussels  had  before  it.  There  were  rive  sections,  divided  into  1,  2, 
3  or  4,  sub-sections.  The  five  sections  were:  1st,  Canalized  Rivers; 
2d,  Inland  Canals;  3d,  Tidal  Rivers  and  Ship  Canals;  4th,  Maritime 
Ports;  5th,  Tolls,  Dues,  Port  Charges,  Warehouses,  Transfer  Sheds, 
Docks  and  all  the  paraphernalia  of  ports.  The  engineers  who  wrote 
the  papers  were,  many  of  them,  appointed  by  their  governments  to 
write  them;  the  best  men  in  the  countries  were  delegated  to  write 
important  and  thorough  papers  on  these  subjects,  which  were  very 
fully,  almost  profusely,  illustrated  with  plans  of  docks,  warehouses, 
transfer  sheds,  locks,  movable  dams,  canal  sections,  dredges  and 
everything  relating  to  facilities  for  navigation.  This  Congress  was 
conducted  by  holding  two  full  meetings,  one  at  the  beginning  and  one 
at  the  end  of  the  Congress,  where  all  the  members  assembled,  and 
then,  like  the  American  Association  for  the  Advancement  of  Science, 
the  Congress  went  into  sectional  meetings  of  the  five  sections.  These 
meetings  were  continued  during  the  whole  week,  and  at  the  end 
of  the  week  at  the  second  general  meeting  the  reports  of  these  sections 
were  read  to  the  full  Congress  and  a  vote  taken  by  the  Congress  upon 
the  decisions  which  had  previously  been  made  by  each  of  the  sections. 
In  other  words,  it  is  a  business  Congress.  To  my  mind  this  feature  is 
a  very  important  one. 

We  have  Congresses  in  the  United  States  and  they  have  them  in 
other  countries  which  are  intended  simply  for  speeches  and  remarks 
and  dissertations,  and  that  is  the  end  of  it.  The  reports  are  filed  away, 
and  some  are  printed  and  distributed.  But  the  object  of  these  naviga- 
tion Congresses  is  to  get  at  something  useful,  and  consequently  the 
entire  trend  of  discussion  in  the  sections  on  every  subject  was  with  that 
purpose  in  view;  and  after  the  discussion  was  carried  through  on  each 
subject,  there  was  a  vote  taken  in  that  section  upon  the  points  that 
were  raised  on  a  motion  in  reference  to  the  question  submitted.  That 
would  be  the  decision  of  that  section.  Then  afterward  these  sectional 
decisions  were  referred  to  the  full  congress  and  there  a  vote  was  taken 
upon  them.  So  that  what  we  get  as  the  result  of  that  Congress  is  of 
great  utility,  because  it  shows  the  consensus  of  opinion  on  many 
important  matters  affecting  navigation,  construction,  maintenance 
and  operation.  I  need  not  go  into  the  subject  of  excursions.  That 
was  splendidly  attended  to  by  the  people  in  Brussels.  Special 
trains  were  furnished  us,  and  600  or  700  members,  with  some  ladies 
visited  Ostend,  Bruges,  Heyst,  Antwerp  and  Seraing.  King  Leopold 
gave  an  evening  reception  in  the  Royal  Palace,  and  everything  was 
done  to  not  only  give  us  a  useful  congress,  but  also  great  pleasure. 
Everything  was  conveniently  arranged.      Each  morning  we  found  in 
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our  boxes— every  man  had  his  box — a  resume  of  the  previous  day's 
work  in  print  and  with  a  programme  of  that  day  in  full  detail.  If  an 
excursion  was  projected  the  programme  would  give  the  information 
Avhen  yoxt  were  to  go  to  the  train,  and  when  you  were  to  arrive  here  or 
there,  and  when  you  might  return.  It  was  one  of  the  most  complete 
organizations  for  comfort  and  for  useful  work  that  I  think  ever  under- 
took such  service. 

While  one  object  of  these  remarks  is  to  give  you  a  report  of  the 
Brussels  Congress,  another  object  is  to  enlist  your  interest  first  in  the 
Congress  that  is  to  take  place  next  year  at  Paris,  and  then  in  the  Con- 
gress that  is  to  take  place  in  1902  or  later;  1902  is  a  long  way  ahead, 
but  still  there  are  matters  that  need  to  be  done  within  the  next  two  or 
three  months,  or  six  months  at  least.  Let  me  state  that  at  the  Brussels 
Congress  last  year  it  was  decided  to  form  a  permanent  organization  of 
the  Congress.  It  has  hitherto  been  held  in  a  desultory  sort  of  way. 
It  will  die  out  at  the  end  of  each  Congress  to  be  resuscitated  again 
in  a  haphazard  sort  of  way  in  the  next  two  or  three  years.  It  is  in  the 
future  to  be  a  permanent  organization  like  the  International  Associa- 
tion of  Tests  or  like  the  Railway  Congress,  and  all  the  rules,  regulations 
and  methods  to  organize  and  conduct  this  permanent  Congress  are 
now  under  advisement  by  the  Bureau  of  the  Brussels  Congress,  consti- 
tuted for  the  purpose  and  to  report  to  the  Paris  Congress.  I  happen 
to  know  about  it  as  I  am  on  that  bureau;  being  one  of  the  vice-presi- 
dents of  that  Congress,  I  was  placed  upon  it,  and  I  am  in  correspondence 
with  the  General  Secretaries  at  Paris  and  Brussels.  It  is  to  be  organ- 
ized in  a  permanent  way  at  the  Congress  to  be  held  in  Paris  in  1900. 

A  wish  w<as  expressed  by  a  large  number  of  delegates  at  the  Brussels 
Congress  to  hold  the  next  Congress  after  Paris  in  the  United  States. 
They  asked  me  if  it  would  be  possible.  I  replied,  "Yes,  if  you  will 
come  it  will,  because  I  think  the  matter  can  be  arranged  in  the  United 
States."  They  asked  me  personally  to  see  what  could  be  done  about  it. 
Well,  I  have  really  done  a  great  deal,  and  I  want  to  tell  you  briefly 
what  I  have  done.  In  the  first  place  I  knew  it  was  necessary  to  consult 
the  authorities  at  Washington,  and  I  have  had  several  consultations 
with  Secretary  Hay  and  Assistant  Secretary  Cridler  in  regard  to  it. 
I  am  not  at  liberty  to  give  all  the  information  about  the  matter,  but 
may  say  it  is  under  advisement  by  them.  In  the  report  I  am  to  make 
to  them  in  October,  when  I  return  from  Europe  this  summer,  I  am  to 
give  them  the  information  on  which  the  matter  can  be  decided  and 
sent  through  the  proper  channels  to  Congress.  It  will  require  legis- 
lation from  Congress  on  three  points — first  in  order  to  authorize  the 
President  to  invite  the  Congress  at  Paris  next  year,  and  thereafter  the 
governments  of  the  world.  Second,  the  departments,  as  you  know, 
have  no  money  to  spend  on  anything  that  is  not  legislated  for  by  Con- 
gress; consequently  it  is  necessary  to  have  an  appropriation  to  pay  the 
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running  expenses  of  this  Congress,  the  entertainment  of  foreign  dele- 
gates, or  anything  else  that  might  arise  by  way  of  expense.  And  third, 
to  designate  the  Government  building  in  which  to  hold  the  Congress. 
On  my  way  back  recently  from  Mexico,  I  saw  the  leading  men  of  the 
committees  of  the  Western  Waterways  Association,  and  the  Lake 
Carriers'  Association,  the  Secretary  of  the  Chamber  of  Commerce  and 
other  leading  commercial  men  in  St,  Louis,  the  Secretary  of  the  Board 
of  Trade  in  Chicago.  In  New  York  I  have  seen  the  Secretary  of  the 
National  Steam  Navigation  Association.  They  are  all  in  favor  of  hold- 
ing the  Congress  in  the  United  States,  and  will  all  assist.  This  matter 
comes  to  Congress  next  winter  if  the  plan  is  carried  out  which  we  have 
in  mind,  and  it  will  require  this  legislation  then.  These  commercial 
bodies  are  ready  to  assist,  and  you  know  their  assistance  is  very  power- 
ful in  such  matters.  I  hope  that  the  members  of  this  Society  interested 
in  such  subjects  will,  when  the  time  comes,  lend  us  their  assistance 
also.     (Applause. ) 
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STATEMENT  OF  VARIOUS  MATTERS  OF   SOCIETY   INTEREST, 
AT  THE  31st   ANNUAL  CONVENTION,  JUNE  27th,  1899. 

By  Chas.  Wakken  Hunt,  Secretary,  Am.  Soc.  C.  E. 

The  information  which  the  President  asks  me  to  present  was  con- 
tained in  a  letter  which  I  addressed  to  him  some  time  ago,  and  as  it  is 
mixed  up  with  other  matters,  will,  I  am  afraid,  be  somewhat  dis- 
jointed. 

Informal  Discussions. — At  several  meetings  of  the  Society  informal 
discussions  on  subjects  of  general  engineering  interest  have  been 
introduced,  the  object  being  to  stimulate  discussion  and  thereby  to 
make  the  meetings  themselves,  and  the  subsequent  publications,  of 
greater  interest  to  the  members.  Informal  discussions  of  this  kind 
have  been  had  on  "  Road-Building,"  "  Building  Laws  "  and  "Dry 
Docks — Stone  versus  Wood."  All  of  these  have  been  participated  in 
by  many  members,  and  great  interest  has  been  manifested  in  this  kind 
of  discussion.  With  the  exception  of  that  on  "  Building  Laws,"  the 
matter  brought  out  by  these  discussions  has  been  published.  The 
latter  discussion  was  principally  of  local  interest,  and  was  not  thought 
by  the  Publication  Committee  to  be  of  sufficient  value  to  the  members 
at  large  to  warrant  its  publication. 

At  this  meeting  this  system  of  informal  topical  discussion  is  to  be 
tried  for  the  first  time  at  a  Convention. 

Exemption  from  Taxation. — Another  matter  of  interest  is,  that  a 
claim,  under  the  law  that  the  Society  is  exempt  from  taxation,  was 
made  to  the  Tax  Commissioners  of  the  City  of  New  York  some  time 
ago  and  was  by  them  rejected.  A  suit  against  the  City  of  New  York 
was  then  instituted,  and  a  decision  has  been  handed  down  which  holds 
that  the  Society  is  exempt,  and  declares  the  assessment  made  by  the 
Tax  Commissioners  void.  This  decision  has  been  accepted  by  the 
Corporation  Counsel  of  the  City  of  New  York,  and,  consequently,  the 
Society  will  in  future  be  saved  between  $2  000  and  $2  500  per  annum. 
(Applause.) 

Herbert  Steward  Library  Fund. — By  the  will  of  the  late  Herbert 
Steward,  Assoc.  Am.  Soc.  C.  E.,  $2  000  was  bequeathed  for  the 
purpose  of  forming  the  "  Herbert  Steward  Library  Fund,"  the  interest 
of  which  is  to  be  used  for  the  purchase  of  books  for  the  library.  Mr. 
Steward  also  gave  to  the  Library  such  of  his  technical  books  as  the 
Society  desired. 

Use  of  Auditorium. — The  Auditorium  of  the  Society  has  been  found 
very  useful  in  several  special  extra  meetings  during  the  year,  and  on 
one  occasion  the  New  York  Electrical  Society  held  a  large  meeting  in 
it  with  great  satisfaction  to  its  members. 
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Junior  Meetings. — Meetings  for  the  mutual  improvement  of  Juniors 
of  the  Society  have  also  been  started.  Three  have  been  held  so  far, 
and  they  have  proved  a  decided  success. 

Changes  in  Publications.— The  changes  in  the  publications  have 
already  been  stated  in  the  Proceedings,  but  as  some  of  the  members 
present  may  not  have  read  all  that  is  printed  there,  it  might  be  well 
to  speak  briefly  of  them.  Hereafter  all  discussions  as  well  as  papers 
will  be  printed  in  Proceedings  in  order  to  give  an  opportunity  for 
cross-discussion  before  the  final  publication  in  the  Transactions. 

Up  to  very  recently  it  had  been  the  custom  to  print  in  each  number 
of  Proceedings  a  list  entitled  "Additions  to  the  Library  and  Museum." 
The  form  in  which  this  was  printed  made  it  of  practically  no  value  to 
any  one,  and  it  has  been  discontinued,  at  least  for  the  present.  In  its 
place  a  new  list  has  been  started,  which  has  been  received  with  much 
appreciation  by  members,  and  which  gives  the  name,  places  of  publica- 
tion, and,  wherever  possible,  the  price  of  leading  articles  in  the  various 
branches  of  engineering,  published  during  the  month.  Sixty  odd 
periodicals  are  now  reviewed  in  this  list. 

An  arrangement  has  been  made  with  the  various  scientific  pub- 
lishers, so  far  as  we  can  find  the  publishers,  by  which  copies  of  engi- 
neering books  are  now  donated  to  the  Library  of  the  Society  imme- 
diately upon  their  issue,  and  in  each  number  of  Proceedings  under  the 
heading  "  New  Books  of  the  Month,"  brief  notices  of  all  such  additions 
to  the  Library  are  regularly  printed. 

Library  Work. — The  work  of  re-classifying  and  re-indexing  the 
Library  has  gone  on  continuously  and  some  account  of  this  work  may 
be  of  interest.  The  cards  used  are  standard  library  cards,  and  they 
are  all  typewritten,  it  having  been  found  more  rapid  and  the  result 
more  legible  and  uniform  than  if  they  were  written,  as  is  usually  done, 
by  hand. 

As  far  as  classification  goes,  it  did  not  aj>pear  in  starting  ours 
that  any  work  of  the  kind  had  been  formulated  which  would  be  of 
service.  The  scheme  adopted  is,  in  brief,  to  divide  the  Library  into 
very  general  classes,  such  as  Railroads,  Water-Ways,  Water-Supply, 
Sanitation,  etc. ,  and  to  subdivide  each  of  these  into  the  most  natural 
divisions  from  the  engineering  point  of  view.  For  instance,  "Rail- 
roads "  is  divided  into  History,  Location,  Construction,  Ecpaipment, 
Operation,  Legal  Documents,  Company  Reports,  State  Reports  and 
Government  Reports.  "  Water-ways  "  is  divided  simply  into  Canals, 
Rivers,  Harbors,  Lakes,  Oceans.  "Water-Supply"  is  divided  into 
General.  Water,  Water- Works,  Water-Power  and  Irrigation.  "Sani- 
tation "  into  Sewerage,  Drainage,  Ventilating  and  Heating,  House- 
Drainage,  Sewage  Disposal,  Garbage  Disposal,  Health  and  Disease, 
etc.,  etc.  Each  of  these  general  divisions  of  the  Library  has  its  own 
separate  classified  index.     There  is  also  the  usual  author's  index  which 
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contains  a  card  for  every  book  in  the  library.  There  is  also  a  special 
subject-index  for  bringing  out  the  minor  details,  as  in  "Railroads  " — 
locomotives,  rails,  frogs,  switches,  etc. 

A  person  desirous  of  securing  information  on  any  general  branch 
of  railroad  work  can  immediately  turn  to  all  the  books  in  the  library 
on  that  branch,  say,  for  instance,  on  Railroad  Equipment.  If  he  knows 
that  Mr.  Smith  has  written  a  valuable  report  and  does  not  know  what 
railroad  it  was  for  or  about,  he  can  find  that  report  in  the  Authors'  Cata- 
logue. If  he  wishes  to  know  what  there  is  in  the  library  on  a  specific 
subject  such  as  railroad  water  tanks  or  cinder  pits,  he  can  find  it  in  the 
Subject-Index. 

Three  or  four  cards,  on  the  average,  have  been  found  necessary  for 
each  title.  More  than  25  000  cards  have  already  been  written.  It  is 
hoped  that  before  long  we  may  be  able  to  advertise  the  fact  that  any 
member,  on  application  to  the  Secretary,  may  have  a  search  made  on 
any  subject  upon  which  he  may  desire  to  have  information,  and  the 
present  index  is  a  necessary  step  toward  that  end. 
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EXCURSIONS,  ETC.,  DURING  THE  THIRTY=FIRST  ANNUAL 
CONVENTION. 

The  arrangements  for  the  Convention  were  in  the  hands  of  the 
following  Committees: 

Committee  of  the  Board  of  Direction. 
C.  C.  Schneider,  Chairman. 
Henry  G.  Morse,  Charles  Warren  Hunt. 

Local  Committee. 
L.  Y.  Schermerhorn,  Chairman. 
A.  Bonzano,  L.  M.  Haupt, 

Joseph  M.  Wilson,  J.  C.  Trautwine,  Jr., 

Samuel  Rea,  Charles  W.  Raymond, 

Joseph  T.  Richards,  George  S.  Webster, 

Theodore  Voorhees,  R.  W.  Lesley. 

Members  of  the  Society  and  members  of  their  immediate  families 
were  furnished  with  the  following  transportation  facilities: 

By  the  courtesy  of  the  Pennsylvania  Railroad  about  270  members 
and  guests,  from  New  York  and  from  New  England  points,  were 
provided  with  a  special  free  train,  which  left  New  York  at  1.40  p.  m. 
on  Monday,  June  26th,  and,  making  stops  at  Newark  and  Trenton, 
ran  through  to  Cape  May,  arriving  there  at  about  6. 50  p.  m. 

Transportation  between  Pittsburg  and  Philadelphia,  and  between 
Washington  and  Philadelphia,  and  intermediate  points,  was  furnished 
by  the  Pennsylvania  Railroad,  which  also  provided  a  second  special 
train,  from  Philadelphia  to  Cape  May.  This  train,  carrying  about 
250  members  and  guests,  left  Philadelphia  at  4.30  p.  m.  on  Monday, 
June  26th,  and  arrived  at  Cape  May  at  about  7.10  p.  m. 

On  Thursday,  June  29th,  through  the  courtesy  of  the  Pennsylvania 
Railroad,  a  party  of  about  280  members  and  guests  made  an  excursion 
to  Atlantic  City,  N.  J.,  where  they  visited  the  new  iron  pier,  Young's 
pier,  the  sewage  disposal  works,  the  water-works  and  other  points  of 
interest.  The  party  returned  to  Cape  May  in  the  afternoon,  arriving 
in  time  for  dinner. 

On  Saturday,  July  1st,  return  transportation  from  Cape  May  to 
Philadelphia  was  provided  through  the  courtesy  of  the  Philadelphia 
and  Reading  Railway.  Two  special  trains  left  Cajie  May  at  8  and  8.15 
a.  m.  ,  arriving  in  Camden  two  hours  later.  From  Camden  a  party  of 
about  twenty-rive  took  a  special  train  to  visit  the  works  of  the  A.  &  P. 
Roberts  Company  at  Pencoyd,  Pa.,  by  special  invitation  of  Mr. 
Percival  Roberts,  President  of  the  company. 
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The  remainder  of  the  party  spent  two  hours  in  inspecting  Cramp's 
shipyard  and  were  then  conveyed  by  a  special  train,  provided  by  the 
Philadelphia  and  Reading  Railway,  to  examine  the  Improvements  in 
the  Approaches  of  that  railway  in  Pennsylvania  Avenue. 

Luncheon  was  provided  by  the  Local  Committee,  at  the  Reading 
Terminal,  the  Broad  Street  Station  and  at  the  Hotel  Hanover. 

At  2.30  p.  m.  a  special  train,  provided  by  the  Philadelphia  and 
Reading  Railway,  left  the  Reading  Terminal  and  arrived  in  New  York 
at  4.40  p.  m. 

In  the  afternoon,  parties,  conducted  by  various  members  of  the 
Local  Committee,  visited  the  Parks,  the  Water- Works  and  other 
points  of  interest  in  Philadelphia. 
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THE  ATTENDANCE  AT  THE  THIRTV=FIRST  ANNUAL 
CONVENTION. 


The  following  315  Members  were  in  attendance: 


Aiken,  W.  A  Harrisburg,  Pa. 

Albree,  Ralph Allegheny,  Pa. 

Alden,  Charles  A Steelton,  Pa. 

Allen,  Kenneth Baltimore,  Md. 

Asserson,  Peter  C Brooklyn,  N.  Y. 

Atkinson,  John  B. .  .  .Earlington,  Ky. 
Averill,  Frank  L.  .Washington,  D.  C. 

Bacon,  John  W   Danbury,  Conn. 

Baird,  Howard  C. .  .Phcenixville,  Pa. 
Baker,  Holland  W.    ...  St.  Louis,  Mo. 

Baldwin,  Fred.  H Bayonne,  N.  J. 

Baldwin,  William  J. .  .New  York  City 
Ball,  Charles  B. . . .  Washington,  D.  C. 

Bauer,  J.  L New  York  City 

Bausher,  C.   I Harrisburg,  Pa. 

Belden,  Edgar  T New  York  City 

Belknap,  W.  R Louisville,  Ky. 

Bensel,  J.  A   New  York  City 

Bent,  C.  C.  F Philadelphia,  Pa. 

Berg,  Walter  G.  South  Bethlehem,  Pa. 

Bergengren,  F Harrisburg,  Pa. 

Betts,  E.  E Chattanooga,  Tenn. 

Binion,  Joshua  New  York  City 

Blakeley,  George  H. .  .Paterson,  N.  J. 

Boiler,  Alfred  P New  York  City 

Bolton,  Channing  M .Rio,  Va. 

Bonzano,  A* Philadelphia,  Pa. 

Bott,  John  B Greensburg,  Pa. 

Brackenridge,  J.  C.  .Brooklyn,  N.  Y. 
Brackenridge,  W.  A., 

Niagara  Falls,  N.  Y. 

Braine,  L.  F   Brooklyn,  N.  Y. 

Breithaupt,  W.  H New  York  City 

Breuchaud,  Jules Yonkers,  N.  Y. 

Brinckerhoff,  H.  W. .  .New  York  City 

Brooks,  Frederick Boston,  Mass. 

Buchholz,  Charles  W.  .New  York  City 

Buck,  L.  L New  York  City 

Buck,  R.  S New  York  City 

Burgwyn,  C.  P.  E. . .  .Richmond,  Ya. 
Burnham,  G.  W.. .  .Philadelphia,  Pa. 


Bush,  Edward  W. . . .  Hartford,  Conn. 

Carlile,  T.  J  Philadelphia,  Pa. 

Carter,  W.  J  Cleveland,  Ohio 

Chapin,  L.  E   Canton,  Ohio 

Chester,  J.  N Pittsburg,  Pa. 

Christian,  G.  L New  York  City 

Clapp,  George  H Pittsburg,  Pa. 

Clark,  L.  V.,  Jr. ..  .Philadelphia,  Pa. 

Clarke,  T.  C New  York  City 

Clement,  F.  H New  York  City 

Codwise,  Edward  B . .  Kingston,  N.  Y. 

Coffin,  Amory     New  York  City 

Cohen,  Fred.  W Harrisburg,  Pa. 

Colby,  B.  H St.  Louis,  Mo. 

Collingwood,  Francis. Elizabeth,  N.  J. 

Condron,  T.  L Chicago,  111. 

Connor,  E.  H St.  Louis,  Mo. 

Coombs,  Robert  D.,  Jr.  .Steelton,  Pa. 

Corthell,  A.  B Boston,  Mass. 

Corthell,  E.  L New  York  City 

Cowles,  Walter  L Pittsburg,  Pa. 

Crabb,  Thomas Newark,  N.  J. 

Crandall,  C.  L Ithaca,  N.  Y. 

Craven,  Alfred New  York  City 

Croes,  J.  J.  R New  York  City 

Cunningham,  A.  C  Washington,  D.  C. 
Cunningham,  D.  W.Los  Angeles,  Cal. 
Curtis,  W.  W Chicago,  111. 

Dalryrnple,  F.  W.Hornellsville,  N.  Y. 
Darrach,  Charles  G.Philadelphia,  Pa. 

Davis,  A.  P   Washington,  D.  C. 

Davis,  Charles Pittsburg,  Pa. 

Davison,  George  S Pittsburg,  Pa. 

Deans,  John  S Phcenixville,  Pa. 

Doane,  W.  A   Meadville,  Pa. 

Dunham,  H.  F New  York  City 

Easby,  M.  Ward. . .   Philadelphia,  Pa. 

Edwards,  J.  H East  Berlin,  Conn. 

Ellis,  John  W Woonsocket,  R.  I. 

Endicott,  M.  T  . .  .Washington,  D.  C. 


Affairs. 


ATTENDANCE    AT   THE    CONVENTION". 


159 


Farley,  P.  P Atlantic  City,  N.  J. 

FitzGerald,  Desmond. . .  .Chicago,  111. 

Flad,  Edward St.  Louis,  Mo. 

Foster,  T.J New  York  City 

Francis,  George  B Boston,  Mass. 

Freeman,  F.  L. .  .  .Washiogton,  D.  C. 

Fehr,  H.  R Easton,  Pa. 

Freyhold,  Felix. .  .Washington,  D.  C. 

Frick,  Walter Carbondale,  Pa. 

Fritz,  John Bethlehem,  Pa. 

Fuertes,  E.  A Ithaca.  N.  Y. 

Fuller,  George  W Louisville,  Ky, 

Fuller,  W.  B Albany,  N.  Y. 

Furber,  William  C   .  Philadelphia,  Pa. 

GarrisoD,  F.  L Philadelphia,  Pa. 

Gifford,  George  E New  York  City 

Goad,  Charles  E London,  Eng. 

Gowen,  Charles  S..  .  .Sing  Sing,  N.  Y. 
Gartensteig,  Charles. . .  New  York  City 

Graves,  Edwin  D Hartford,  Conn. 

Gray,  William New  York  City 

Green,  B.  E Washington,  D.  C. 

Green,  H.  B Buffalo,  N.  Y. 

Greene,  E.  A New  York  City 

Greiner,  J.  E Baltimore,  Md. 

Guthrie,  Edward  B.. .  .Buffalo,  N.  Y. 

Haight,  Stephen  S....New  York  City 

Haines,  H.  S New  York  City 

Hains,  Peter  C Baltimore,  Md. 

Harlow,  James  H. .  . . . .  Pittsburg,  Pa. 

Haring,  James  S Somerset,  Pa. 

Harrington,  F.  E Easton,  Pa. 

Harris,  C.  M New  York  City 

Harris,  Van  Alen.  .Middletown,  N.  Y. 
Harrison,  E.  W. . .  .Jersey  City,  N.  J. 

Harrod,  B.  M New  Orleans,  La. 

Haskins,  W.  J New  York  City 

Hatton,  T.Chalkley. Wilmington,  Del. 

Haupt,  L.  M Philadelphia,  Pa. 

Haven,  W.  A Buffalo,  N.  Y. 

Hawley,  W.  C.  .  .  .Atlantic  City,  N.  J. 
Hay  ford,  John  F.  .Washington,  D.  C. 

Haz-n,  Allen   New  York  City 

Hering,  Rudolph New  York  City 

Hill,  John  W Cincinnati,  Ohio 

Hill,  William  R Syracuse,  N.  Y. 


Hill,  Edwin  A Washington,  D.  C. 

Hinckley,  J.  F St.  Louis,  Mo. 

Hoag,  S.  W.,  Jr New  York  City 

Hodgdon,  Frank  W. . .  .Boston,  Mass. 
Hogue,  Charles  Jay.. Little  Rock,  Ark. 

Hopkins,  Charles  C Rome,  N.  Y. 

Hopper,  John  J New  York  City 

Horton,  Horace  E Chicago,  111. 

Howe,   Edward  W Boston,  Mass. 

Howe,  M.  G Houston,  Tex. 

Hubbell,  Clarence  W... Detroit,  Mich. 

Hughes,  W.  M Chicago,  111. 

Humphrey,  R.  L...  .Philadelphia,  Pa. 
Hunt,  Chas.  Warren. .  .New  York  City 
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Knowles,  Morris Pittsburg,  Pa. 

Kenly,  William  L Baltimore,  Md. 
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Modjeski,  Ralph Chicago,  Bl. 

Moore,  Robert St.  Louis,  Mo. 

Morison,   George   S. .  .New  York  City 
Morrison,  H.P.,W.New Brighton, N.Y. 

Morse,  C.  M Buffalo,  N.  Y. 

Nelson,  Alexander  H. . .  Pittsburg,  Pa. 
Neumeyer,  Robert  E . .  Bethlehem,  Pa. 
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Snyder,  George  D.  .Williamsport,  Pa. 

Spencer,  John  C Pittsburg,  Pa. 

Spielman,  J.  G Pittsburg,  Pa. 
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Thacher,  Edwin Paterson,  N.  J. 
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The  total  registered  attendance  at  the  Convention  was  as  follows  : 

Members  of  the  Society  in  all  grades 315 

Guests,  including  ladies 320 

Total '•  •   635 
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ANNOUNCEMENTS. 

In  accordance  with  the  resolution  of  the  Board  of  Direction  the 
House  of  the  Society  is  open  every  day,  except  Sunday,  from  9  to 
22  o'clock. 

MEETINGS. 

Wednesday,  September  6th,  1899,  at  20.30  o'clock,  a  regular  busi- 
ness meeting  will  be  held.  Ballots  for  membership  will  be  canvassed, 
and  two  papers  will  be  presented,  viz.,  "  Pile-Driving  Formulas;  Their 
Construction  and  Factors  of  Safety,"  by  Charles  H.  Haswell,  M.  Am. 
Soc.  C.  E.,  and  "The  Groined  Arch  as  a  Covering  for  Reservoirs  and 
Sand  Filters:  Its  Strength  and  Volume,"  by  Leonard  Metcalf,  Assoc. 
M.  Am.  Soc.  C.  E.  These  papers  were  printed  in  the  May  number  of 
Proceedings. 

Wednesday,  September  20th,  1899,  at  20.30  o'clock,  a  regular 
meeting  will  be  held,  at  which  will  be  presented  a  paper  by  Henry  S. 
Prichard,  M.  Am.  Soc.  C.  E.,  entitled,  "Insufficient  Provision  for 
Counterstresses  in  Railroad  Bridges,"  and  a  paper  by  C.  W.  Hudson, 
Assoc.  M.  Soc.  C.  E.,  entitled,  "Comparison  of  Weights  of  a  Three- 
Hinged  and  a  Two-Hinged  Spandrel-Braced  Parabolic  Arch."  These 
papers  are  printed  in  this  number  of  Proceedings. 

INVITATION  TO  MEMBERS. 

The  American  Institute  of  Mining  Engineers  has  tendered,  through 
its  Secretary,  a  cordial  invitation  to  the  members  of  this  Society  to 
attend  its  next  meeting  which  will  be  held  in  San  Francisco,  Cal., 
about  September  25th,  1899.  This  invitation  includes  the  privileges 
of  special  rates  and  trains  which  have  been  arranged  for  the  trip.  Mr. 
Theodore  Dwight,  Assistant  Treasurer,  Am.  Inst.  Mining  Engrs.,  99 
John  Street,  N.  Y. ,  is  in  charge  of  these  matters  and  should  be  com- 
municated with  by  any  member  who  desires  to  avail  of  the  invitation. 
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MONTHLY    LIST  OF   RECENT  ENGINEERING  ARTICLES  OF 
INTEREST. 

(May  lOtli  to  August  7th,  1899.) 

Note.  —  77/  is  list  is  published  for  the  p  urpose  of  placing  before  the  members 
of  the  Society  the  titles  of  current  engineei'ing  articles,  which  can  be  referred 
to  in  any  available  engineering  library,  or  can  l»j  procured  by  addressing 
the  publication  directly,  tin-  address  and  price  being  given  wherever 
possible. 

LIST  OF  PUBLICATIONS. 

In  the  subjoined  list  of  articles  references  are  given  by  the  number  pre- 
fixed to  each  journal  in  this  list. 

(i)  Journal.  Assoc.  Eng.  Soc,  257  South 
Fourth  St.,  Philadelphia,  Pa.,  30c. 

(2)  Proceedings,  Eng.  Club  of  Phila.,  112:2 

Girard  St.,  Philadelphia,  Pa. 

(3)  Journal.    Franklin    Inst.,    Philadel- 

phia, Pa..  50c. 

(4)  Journal,  Western  Soc.  of  Eng.,  Mo- 

nailnock  Block.  Chicago.  111. 

(5)  Transactions,  Can.  Soc.  C.  E.,  Mon- 

treal, Que.,  Can. 

(6)  School  of  Mines  Quarterly.  Columbia 

Univ.,  New  York  City,  50c. 

(7)  Technology    Quarterly,    Mass.     Inst. 

Tech.,  Boston,  Mass.,  75c. 

(8)  Stevens  Indicator,  Stevens  Institute, 

Hoboken,  N.  J.,  50c. 

(9)  Engineering   Magazine,    New    York 

City,  30c. 

(10)  Cassier's  Magazine,  New  York  City, 

25c. 

(11)  Engineering  (London),  W.  H.  Wiley, 

New  York  City,  35c. 

( 12)  The  Engineer  (London).  International 

News  Co..  New  York  City,  35c. 

(13)  Engineering  Marx,  New  York  City, 

15c 

(14)  The  Engineering  Record,  New  York 

City,  12c 

(15)  Railroad   Gazette,   New  York  City, 

10c. 

(16)  Engineering    and     Mining    Journal, 

New  York  City,  15c. 

(17)  Street  Railway  Journal,   New  York 

City,  35c. 

(18)  Railway    and    Engineering    Review, 

Chicago,  111. 

(19)  Scientific  American  Supplement.  New 

York  City.  10c. 

(20)  Iron  Age,  New  York  City,  10c. 
(2i)  Railway    Engineer,    London,     Eng- 
land. 

(22)  Iron  and  Coal  Trades  Review,  Lon- 
don, England. 

123)  Bulletin,  American  Iron  and  Steel 
Assoc,  Philadelphia,  Pa. 

(24)  American     Gaslight    Journal,    New 

York  City,  10c. 

(25)  American  Engineer,  New  York  City, 

20c. 

(26)  Electrical  Review.  London,  England. 

(27)  Electrical  World  and  Electrical  En- 

gineer, New  York  City,  10c. 

(28)  Industries  and  Iron,    London,  Eng- 

land. 

(29)  Journal,   Society  of  Arts,   London, 

England. 

(30)  Annates    des    Travaux    Publics    de 

Belgique,  Brussels,  Belgium. 

(31)  Annates  de  V  Assoc,  des  Ing.   Sortis 

des  EcGle  Speciales  de  Gand,  Brus- 
sels, Belgium. 


(32)  Memoirs  et  Com/it   Rendu  des  Tra- 

vaux, Soc.    Ing.    Civ.    de  France, 
Paris,  France. 

(33)  Le  Genie  Civil,  Paris.  France. 

(34)  Portefeuille    Economique    des    Ma- 

chines, Paris,  France. 

(35)  Nouvelles  Annates  de  la   Construc- 

tion. Paris,  France. 

(36)  La  Revue  Technique,  Paris,  France. 

(37)  Revue  <1<  Mecanique,  Paris.  France. 

(38)  Revue  Gencrale  des  Cheinins  de  Fer 

et  des  Tramways,  Paris,  France. 

(39)  Radical/  Master  Mechanic,  Chicago, 

III. 

(40)  Railway  Age,  Chicago,  111..  10c. 

( 41 )  Modern  Machinery  .Chicago,  111.,,  10c. 
{42)    Transactions.  Am.  Inst.  Elec.  Eng., 

New  York  City,  50c. 

(43)  Annates    des    Ponts    et    Chaussees, 

Paris,  France. 

(44)  Journal,     Military    Service    Institu- 

tion, Governor's  Island,  New  York 
Harbor,  75c. 

(45)  Mines  anil  Minerals,  Scranton,    Pa. 

20c. 

(46)  Scientific  American,  New  York  City, 

10c. 

(47)  Mechanical    Engineer,     Manchester. 

England. 

(48)  Zeitschrift des  Vereines  Deutsche/-  In- 

ge ttie  lire,  Berlin,  Germany. 

(49 )  Zeitsch  rift  fiir  Ba  u  wesen,  Berlin,  Ger- 

many. 

(50)  Staid  und  Eisen,   Duesseldorf,  Ger- 

many. 

(51)  Deutsche    Bauzeitung,    Berlin,    Ger- 

many. 

(52)  Rigasche     Industrie-Zeitung,     Riga, 

Russia. 

(53)  Zeitschrift    des  oesterreichischen    In 

genieur  und  Architekten    Vereines. 
Vienna.  Austria. 

(54)  Den  Tekniske  Forenings    Tidsskrift, 

Copenhagen,  Denmark. 

(55)  Inqenioren,  Copenhagen,  Denmark. 

(56)  Teknisk  Tidskrift.   Stockholm,    Swe- 

den. 

(57)  Teknisk  Ugeblad.  Christiana,  Norway. 

(58)  Proceedings,   Eng.  Soc.    W.  Pa.    410 

Penn  Ave.,  Pittsburg,  Pa.    50c. 

(59)  Transactions,    Mining     Institute    of 

Scotland,   London  and  Newcastle- 
upon-Tyne. 

(60)  Bridges  anil    Framed  Structures,  358 

Dearborn  St..  Chicago,  HI,  30c. 

(61)  Proceedings,  Western   Railway  Club. 

225  Dearborn  St.,  Chicago,  HI.,  25c. 

(62)  American    Manufacturer   ami   Iron 

World,  50  Ninth  St.,  Pittsburg,  Pa. 

(63)  Minutes  of  Proceedings.  Inst.  C.  E., 

London,  England. 
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LIST  OF  ARTICLES. 
Bridge. 

Street  Bridges  Over  Railroad  Tracks  in  Buffalo.     (.14)  May  13. 

Some  Hiuts  on  Bridge  Designing.     (4)  April,  1899. 

The  Atbara  River  Bridge  (Soudan).     (15)  May  26;  (12)  June  2;  (11)  June  9. 

The  Greenpoint  Avenue  Bridge,  Brooklyn,  N.  Y.     (14)  May  27. 

The  Alexander  III  Bridge,  Paris;  Construction  and  Erection  of  Arch  Ribs.     (13)  May  25. 

The  Morison  Lift  Bridge  over  the  Chicago  River.     ( 15)  June  2. 

The  Kaiser  Wilhelm  Bridge.     (14)  June  10. 

The  Manhattan  Valley  Viaduct,  New  York  City.     (13)  June  8. 

New  Glasgow  Bridge.     (12)  June  2. 

Carlsberg  Viaduct,  Denmark.     (12)  July  14. 

Replacing  the  Newark  Draw.     (20)  July  27;  <  14)  July  29. 

Construction  of  the  Kornhaus  Bridge,  Berne,  Switzerland.     (14)  June  17. 

The  Forbes  Street  Bridge,  Pittsburg,  Pa.     (14)  July  15. 

The  Scherzer  Rolling  Lift  Bridge  over  the  Fort  Point  Channel,  Boston.     (15)  August  4. 

Cantilever  Bridge  at  Lewiston,  Idaho.     (18)  July  8. 

Bridge  Across  the  Indus  on  the  Indian  State  Railway.     (11)  July  28. 

Notes  on  Recent  French  Bridge  Construction.     (13)  July  6. 

A  Stone  Arch-Rib  Railroad  Bridge.     (14)  July  8. 

A  Curious  Railway  Trestle  Bridge  Failure,  Nemadji  River,  Wis.     (13)  June  15. 

The  Atlantic  City  Steel  Pier.     (14)  July  1. 

Pile-Driving  with  the  Water- Jet  at  Blackpool.     (11)  May  26. 

The  Architectural  Element  in  Engineering  Work.     (14)  June  3. 

Paints  for  Iron.     (12)  July  14. 

Tests  of  Girder  Bridges.     M.  Moller.     (51)  July  5. 

Les  Nouveaux  Ponts  sur  le  Rhin,  a  Bonn et a  Dusseldorf .    Henry  Martin.     {33}  May  20. 

Note  sur  la  Mise  en  Place  des  Nouveaux  Tabliers  Metalliques  des  Ponts  sur  le  Ciron  et 

le  Dropt.     (38)  July,  1899. 
Notes  sur  la  Construction  du  Viaduc   du  Viaur  (Ligne  de  Carmaux  a  Rodez).    M. 

Thery.    143)  First  fcrimestre,  1899. 
Le  Pont  J.  F.  Lepine.    L.  Biette.     (43)  First  trimestre,  1899. 

Electrical. 

Telephone  Relays  or  Repeaters.     William  J.  Hammer.     (27)  June  3. 

On  Wireless  Telegraphy.    Prof.  A.  E.  Dolbear.     (27)  June  10. 

Pollak-Virag  Machine  Telegraph  System.     (27)  July  15. 

Oceanic  Research  and  the  Submarine  Telegraph.     (26)  May  19. 

Etheric  Telegraphy.    W.  H.  Preece.     (29)  May  5. 

Construction  and  Reconstruction  of  Telegraph  Lines.    C.  EL  Bristol.     (15).  June  2. 

Lighting  Railway  Carriages  by  Electricity.    1121  July  14. 

Estimate  for  a  1537-Light  Municipal  Electric  Lighting  Plant  for  San  Francisco.  Cal.    (13) 
May  25. 

Artificial  Illumination  for  Ordinary  Business  and  Domestic  Purposes.    Leon  P.  Lowe. 
(24)  August  7. 

Central  Station  of  the  Boston  Electric  Light  Company.     (27)  May  27. 

On  a  Method  of  Measuring  the  Frequency  of  Alternating  Currents.    Harrison  W.  Smith. 
(7)  June,  1899. 

Some  Methods  of  Measuring  High  Potentials  with  Low  Potential  Instruments.    Prof. 
Samuel  J.  Barnett.     (27)  June  17. 

A  Simple  Device  for  Measuring  the  Frequency  of  an  Alternating  Current.    Hubert  V. 
Carpenter.     (27)  August  5. 

Rotary  Transformers  and  Storage  Batteries  as  Related  to  Long-Distance  Transmission. 
Prof.  W.  L.  Robb.     I27)  June  10;  (13)  August  3. 

Relation  Between  Armature  and  Line  Currents  in  Polyphase  Transmission.    Prof.  Henry 
S.  Carhart.     (27)  June  17. 

Transformation  of  Three-Phase  to  Two-Phase  Currents.    P.  G.  Watmough.     (27)  July  22. 

Three-Phase  Four-Wire  Low-Tension  Systems.    A.  J.  Bowie,  Jr.     (27)  June  17. 

The  Development  and  Operation  of  a  Local  Electrical  Transmission  System.    W.  S.  Bar- 
stow.     (13)  June  1. 

Single-Phase  Distribution  of  Electric  Current.    Herbert  A.  Wagner.     (13)  June  1. 

Transformer  Tests.    W.  Elwell  Goldsborough.     (13)  June  1. 

Mechanical  Stresses  on  Dynamo  Coils.     (27)  May  27. 

Resistance  Detector.    John  C.  Henry.     (27)  May  27. 

Transformer  Core  Losses.    W.  Elwell  Goldsborough.     (27)  May  20. 

Special  Types  of  Alternators.    E.  Jarvis  Patten.     (27)  May  20. 

A  New  Vai  iable  Ratio  Transformer.     <  12)  May  5. 

Electrical  Radiation.    Arthur  V.  Abbott.     (4)  April,  1899. 

The  Limitations  of  Power  Subdivision  by  Electric  Motors  in  Manufacturing  Establish- 
ments.    (42)  April,  1899. 

Callendar's  Recorder  and  Platinum  Thermometer.     (11)  May  26. 

Economical  Transmission  and  Distribution  of  Electricity  from  a  Distance.    Horace  Field 
Par  shall.     (11)  June  16. 

A  Differential  Method  for  Testing  a  Single  Transformer.    S.  E.  Johannesen.     (27)  July 
29. 

Arc  Machine  Regulation.    H.  Franklin  Watts  (  27)  July  29. 

Some  Notes  on  Underground  Distribution  of  Two-Phase  Currents  in  New  York  City.    E. 
A.  Leslie.     (27)  June  17. 

Some  Non-Integrating  Electric  Meters.    Prof.  William  Edward  Ayrton.     (11)  June  9. 
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Electrical— (Continued). 

The  Radiophone  at  the  Electrical  Exhibition.     (46)  May  27. 

On  a  Possible  and  Rational  Simplification  of  Electric  Units.    Prof.  A.  Blondel.     (27) 

July  29. 
Electric  Contact  Device  for  a  Drawbridge.    E.  T.  Birdsall.     (27)  July  22. 
The  Effect  of  Intense  Cold  on  Magnelic  Hysteresis.     Arthur  H.  Ford.     (27)  August  5^ 
Three-Phase  Currents  in  the  Manufacture  of  Calcium  Carbide  in  Italy.    Cesare  fio. 

(27)  August  5. 
On  the  Oxidation  of  Carbon  at  Ordinary  Temperature  by  Means  of  Atmospheric  Oxygen 

with  the  Production  of  Electrical  Energy.    Willard  E.  Case.     (27)  July  22. 
The  Electrical  Installation  for  the  1990  Paris  Exposition.    Georges  Dary.     (27)  July  15. 
Underground  Electrical  Construction.    Louis  A.  Ferguson.     (13)  July  20. 
A  New  Primary  Battery.    J.  D.  Darling.     (3)  July,  1899. 
Methods  of  Electrical  Transformation.    James  Swinburne.     (11)  June  9. 
On  the  Luminosity  of  the  Rare  Earths  When  Heated  in  Vacuo  by  Means  of  Cathode 

Rays.    A.  A.  Campbell  Swinton.    (28)  June  9. 
Electricity  in  Marine  Work.    S.  Dana  Greene.     (10)  July,  1899. 
Operating  Cost  of  Horse  and  Electric  Delivery  Wagons  in  New  York  City.     (27)  July  8; 

(10)  July  22. 
Electricity  in  Steel  Works.     (12)  July  14. 

Electricity  as  a  Factor  in  Modern  Development.    Prof.  R.  B.  Owens.     (10)  June,  1899. 
The  St.  Helens  Corporation  Electricity  Works  and  Tramways.     (26)  July  21. 
Ashton  Corporation  Electricity  Works  and  the  Oldham,  Ashton  and  Hyde  Electric  Tram- 
way.    (26)  July  14. 
Some  Electrical  Features  of  the  Power  Station  of  the  Consolidated  Traction  Company 

of  Pittsburg.     (17)  August,  1899. 
Western  Electric  Station  in  Copenhagen.    C.  Hentzen.     (55)  April  29. 
Short-Distance  Electric  Power  Distribution.    James  Swinburne.     (9)  August,  1899. 
La  Fabrication  des  Fils  pour  Usages  Electriques.     (36)  May  25. 
Les  Tramways  Eleetriques  d" Amiens.     (36)  May  25. 
Utilisation  des  Chutes  du  Niagara,  etat  Actuel  des    Installations  Hydro-Electriques. 

(33)  June  17. 
Usine  filectriques  de  la  Compagnie  Generate  des  Voitures  a  Paris.    J.  Prouteau.     (36) 

June  25. 
Distribution  d'Energie  par  l'Electricite  dans  les  Ateliers  de  Construction  de  Machines  de 

la  Allgemeine  Elektricitaets  Gesellschaft  de  Berlin.     (36)  July  10. 
Methode  de  M.  Liebenow  pour  la  Mesure  de  la  Resistance  d"Isolement  d'une  Batterie 

d'Accumulateurs.    F.  Drouin.     (36)  July  10. 

Marine. 

The  New  Royal  Yacht  Victoria  and  Albert.     (11)  May  12;  (12)  May  12. 

Electric  Yachts  in  Holland.    W.  de  Gelde.     (10)  June,  1899. 

H.  M.  S.  Hermes  and  Highflyer.     ( 1 0  July  7. 

The  Trials  of  H.  M.  S.  Hermes.     (11)  June  9. 

The  New  British  Battleship  Vengeance.     (11)  July  21. 

French  Armored  Cruiser  Jeanne  D'A re.     (12)  June  9. 

Water  Tube  Boilers,  S.  S.  Orlando.     (12)  June  9. 

The  Work  of  the  Naval  Repair  Ship  Vulcan.    Gardiner  C.  Sims  and  W.  S.  Aldrich    (9) 

July,  1899. 
The  New  German  First-Class  Battleship  Kaiser  Friederich  III.     (19)  May  27. 
The  Old  Type  of  Monitor.     William  H.  Wiley,  M.  Am.  Soc.  C.  E.     (20)  May  18. 
On  the  Launch  of  a  Battleship.     H.  R.  Champness.     (11)  July  28;  (12)  July  28. 
The  Launch  of  H.  M.  S.  Vengeance.     (12)  July  28. 

On  the  Boiler  Arrangement  of  Certain  Recent  Cruisers.    F.T.Marshall.     (12)  July  28. 
On  Elswick  Cruisers.    Philip  Watts.     (12)  July  28. 
Express  Boilers  in  War  Vessels.     (12)  May  26. 

Triple  Expansion  Engines.    H.  M.  S.  Cheerful  and  Mermaid.     (12)  July  21. 
Swift  Passenger  Steamers  of  Moderate  Size.    Edwin  Lewis  Martin.     (11)    June  9;  (12) 

June  9. 
Merchant  Steamers  and  War  Requirements.    John  Harvard  Biles.     (11)    June  9:  (12) 

June  9. 
Recent  Developments  in  Cargo  Steamers.    Edwin  William  De  Rusett.     (12)  June  9; 

(n)  June  16. 
S.  S.  Kinfanns  Castle.     (12)  May  19. 

Twin-Screw  S.  S.  Moskva,  for  the  Russian  Volunteer  Fleet,     (n)  May  12. 
Engines  of  the  Russian  Volunteer  Steamer  Moskva,     (n)  May  26. 
The  Water-Tube  Boiler  in  Passenger  Steamers.     (12)  May  26. 
Experiments  on  Thrust  Block  Friction.    F.  von  Kodolitsch.     (11)  July  28. 
Fighting  the  Ice  in  River  and  Lake.    George  E.  Walsh.     (10)    June,  1899. 
Ice-Breakers.    H.  F.  Swan.     (12)  July  21. 
Bucket-Dredging  Machine.     (11)  June  2S. 

Graving-Dock  Blocks  and  Appliances.    Arthur  John  Maginnis.     (11)  June  23. 
A  New  Thames  Graving  Dock.     (12)  July  28. 
New  Graving  Dock  at  Troon.    (12)  July  14. 
The  Failure  of  a  Timber  Dock.     ( 14 )  July  29. 

The  New  Dry  Dock  for  the  U.  S.  Navy  at  Boston,  Mass.     (13)    July  20. 
Lock  Entrances  and  Graving  Docks.      Robert    Cope  Hardy    Davison.     (11)    June  9; 

(12)  June  9. 
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Marine— (Continued). 

The  New  Government  Testing  Tank  for  Ship  Models  at  the  Washington  Navy  Yard.    I). 

W.  Taylor.  Naval  Constructor,  U.  S.  N.     (13)    July  6. 
The  Supporting  of  Ships  in  Dry  Docks.    Francis  Elgar.     (11)  July  28. 
Key  ham  Dockyard  Extension  Works.     Whately  Eliot.     (11)  July  28. 
The  Rise  and  Fall  of  the  American  Merchant  Marine.    Joseph  R.  Oldham.     (1)  May, 

1899. 
The  Application  of  Mechanical  Devices  to  the  Riveting  and  Calking  of  Ships.    Robert 

Twentyman  Napier.     (  n  )  June  23. 
Portable  Pneumatic  Riveters  in  Shipbuilding.     (11)  July  21. 
The  Discharging  and  Reloading  of  Large  Steamers.    William  Henry  Hunter.     (11)  Jane 

9:  (12)  June  9. 
Electric  Power  for  Marine  Propulsion.    Charles  T.  Child.     (o)  June,  1899. 
The  Ben  ling  Strains  in  Z-Bars,  used  in  Shipbuilding.    A.  Meyerhof.     (48)  May  27. 
Dry  Dock  at  Talcahuano,  Chili,    v.  Horn.     (53)  May  19. 

Mechanical. 

The  Use,  Design  and  Manufacture  of  Iron  in  Ornament.    Chester  B.  Albree.     (48)  March. 

1899. 
Tilting   Open-Hearth  Furnaces.    Archibald  P.  Head.     (11)  May   12:  (28;  July  14;  (50) 

June  1. 
The  Use  of  Blast  Furnace  and  Coke-Oven  Gases.    Enrique  Disdier.     (28)  May  12;  (47) 

May  27. 
The  Use  of  Hot-Blast  in  the  Bessemer  Process.    J.  Wiborgh.     (28)  May  19;  (11)  July  14. 
The  Design  of  Hot- Blast  Coils.     (14 )  June  3. 
Utilization  of  Blast-Furnace  Gas.    F.  Zeyringer.     150)  July  15. 
The  Use  of  Blast-Furnace  Gas  in  Gas  Motors  and  Tests  of  a  GO-Horse-Power  Gas  Engine. 

E.  Meyer.     (48)  April  29. 
Use  of  Blast  and  Coke  Furnace  Gases.    F.  W.  Lurmann.     (50)  June  1. 
Smelting  Furnace  '"  Deutscher  Kaiser  "  in  Bruckhausen  am  Rhein.    (50)  June  15. 
The  World's  Consumption  of  Pig  Iron  in  the  Steel  Industry.    J.  S.  Jeans.     (20)  Junel. 
Steel  Manufacture  Direct  from  the  Ore.    Dimitris  Tschernoff.     (16)  June3. 
Handling  Materials  in  a  Foundry.    W.  J.  Keep.     (20)  May  25. 
The  Wellman  Open-Hearth  Furnace.     (20)  May  25. 
Forgings  and  the  Machines  LTsed  in  Producing  Them.     (12)  June  9. 
The  Crystalline  Structure  of  Metals.    J.  A.  Ewing  and  W.  Rosenhain.     (28)  June  9. 
Goldscliniidt's  Method  of  Measuring  High  Temperatures.    F.  Wust.     (50)  July  15. 
Crystallization  and  Segregation  of  Cast-iron.     P.  Kreuzpointer.    113)  June  1. 
The  Heyl  &  Patterson  Pig  Iron  Casting  Machine.     (20)  May  18. 
The  Influence  of  the  Size  of  Test  Piece  on  the  Compressive  Strength  of  Cast-iron.     (13) 

May  18. 
Importance  of  Fillets  and  Round  Corners  of  Modern   Machinery  Castings.    John  M. 

Richardson.     (28)  July  7. 
Theories  and  Facts  Relating  to  Cast-iron  and  Steel.    Bertrand  S.  Summers.     (41)  July. 

1899. 
The  Elastic  Properties  of  Steel  Wire.    Archer  Dave  Keigwin.     (63)  Part  II,  1899. 
Ductility  and  Working  Qualities  of  Steel  Castings.    C   Bach.     (48)  June  10. 
The  Influence  of  Casting  Temperature  Upon  Steel     Robert  Abbott  HaJfield.    (11)  June 

23. 
Pipe  Flanges  and  their  Bolts.    A.  F.  Nagle.    (24)  May  15 

Rolling- Mill  Fly-Wheels.    John  Fritz,  M.  Am.  Soc.  C.  E.     (20)  May  18;  (10)  June,  1899. 
Some  Historic  but  Successful  Fly-Wheels.     (14    May  2J. 
The  l'  Parole  "  Water  Tube  Boiler.     (11)  July  21. 
A  New  Method  of  Forced  Draft     (11 )  July  21. 
Some  Experiments  Having  Reference  to  the  Durability  of  Water-Tube  Boilers.    A.  F. 

Yarrow.    (12)  July  21. 
Lyall's  Water -Tube  Boiler.     (12)  May  19. 

Automatic  Stoker  at  Messrs  Charrington"s  Brewery.     (11)  May  26. 
Investigations  of  Boiler  Explosions.     (14)  May  20. 

Efficiencies  of  Modern  Steam  Boilers  and  Furnaces.    R.  S.  Hale.    (0)  July,  1899. 
Experiments  on  the  Heat-Absorptive  Power  of  Water.     (12)  May  12. 
A  New  Type  of  Compound  Engine.     1  27  )  May  27. 

Quick-Revolution  Steam  Engines.    Arthur  Herschmann.     (48)  April,  1899. 
High-Speed  Engines.    John  Handsley  Dales.     (63)  Part  II,  1899. 
Wigzell's  Triple  Expansion  Engine.    (11)  May  5. 

Development  of  the  Steam  Turbine     C.  A.  Parsons.     (10)  July,  1S99. 
Double-Cylinder  Steam  Fire  Engine,  London  County  Council,     do)  May  20. 
Vertical  Steam  Engines.    G.Marx.     (48)  May  13. 
A  German  Blowing  Engine.     (16)  July  22. 

High-Pressure  Cornish  Engine,  Basset  Mines,  Cornwall.     (12)  May  12. 
The  Valves  of  a  Water  town  Four-Valve  Engine.    (14)  June  10. 
A  New  System  of  Valves  for  Steam  Engines,  Air  Engines  and  Compressers.    Fred  W. 

Gordon     (13)  June  15:  (201  July  13. 
Some  Uses  of  the  Steam  Engine  Indicator.    Edward  F.  Miller.     (15)  May  26. 
On  the  Connecting-Rod  Problem.    Prof.  Dunkerley.     (11)  June  2. 
Motors  for  Driving  a  Train  of  Rollers.    C.  Kiesselbach.    (50)  May  1. 
Oil  Motors.    E.  Loos      (53)  June  16. 
The  Importance  of  High  Pressure  in  Fuel  Oil  Burning.     (25)  June,  1899. 
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Mechanical— ( Continued ) . 

Diesel's  Rational  Heat  Motor.    E.  D.  Meier.     (7)  June.  1890. 

The  Diesel  Motor.     (18)  July  8. 

Evolution  and  Future  of  Benzine  and  Petroleum  Engines.    G.  Lieckfeld.     (9)  August, 
1899. 

The  Monarch  Launch  Motor.     (28)  June  16. 

Pneumatic  Pyrometer.    Uehling  and  Steinbart.     (50)  May  1. 

The  "  Mammert  "  Pump.     (55)  July  1. 

Test  of  a  Pumping  Engine  at  Chicago,  111.     ( 13 )  August  3. 

Compound  and  Triple  Expansion  Pumping  Engines.     (14)  July  8. 

Condensers  and  Cooling  Towers.     (25)  August.  1899. 

The  Efficiency  and  Design  of  Surface  Condensers.    Thomas  Ernest  Stanton.     (63)  Part 
II,  1899. 

The  Theoretical  Treatment  of  Air-Cooling  Water  Towers.    Wiliiam  A.  Mosscrop.    (13) 
July  13. 

Separate  Condensing  Plants  for  Factory  Purposes.    Sir  Alfred  Seale  Haslam.    (n)  June 
23. 

A  New  Gas-Generating  Machine.     (46)  May  27. 

Labor-Saving  Appliances  in  Gas  Works.    Charles  Claude  Carpenter.     (11)  June  23. 

Residual  Products  from  Gas  Purification.     William  Foulis.     ( 11)  June  23. 

The  Utilization  of  Coke  Oven  Gases  for  Lighting.     ( 16 )  July  29. 

Self-Intensive  Gas  Liquetier.     (12)  May  12. 

The  Products  of  Combustion  of  Illuminating  Gas.     (24)  May  15. 

Incandescent  Mantles.    Vivian  B.  Lewes.     (24)  May  22. 

The  Kern  Incandescent  Gas  Burner.     (24)  May  29. 

Some  Special  Features  in  the  Connecting  Mains  of  a  Provincial  Gas  Company's  Stations. 
W.  O.  Gibb.     (24 )  May  22. 

The  Evolution  of  the  Hydraulic  Main.    William  Carr.     (24)  July  31. 

A  New  Design  in  Gas  Engines.     112)  May  12. 

Gas  Engines  as  Motive  Power  in  Engineering  Works.    A.  R.  Bellamy.     (13)  July  27. 

The  Evolution  and  Future  of  the  Gas  Engine.    George  Lieckfeld.     (0.1  July.  1899. 

Gas  Tram  Cars,  the  Black  Pool.  St.  Anne's  and  Lytham  Tramways.     (12)  July  28. 

Hydraulic  Transmission  and  Distribution  of  Power.    E.  B.  Ellington.     (9)  June,  1899. 

Mechanical  Applications  of  Compressed  Air.    W.  L.  Saunders,  M.  Am.  Soc.  C.  E.     (3  1 
July,  1899. 

Compound  Two-Stage  Air  Compresser.     (20)  May  25. 

Four-Stage  Air  Compresser  for  Street  Car  Service,     (13)  June  8  ;  (14)  June  10. 

The  "  Tauzin  "  Voiturette.     (28)  July  28. 

The  Blake  Motor-Carriage.     (28)  July  21. 

Automobolism  in  Paris.     (46)  May  13. 

Electric  Hacks  at  Paris.     (19)  May  27, 

Motor  Cab  Trials  in  Paris.     (12)  June  10. 

Delivery  Van  and  Omnibus.    Charles  Milde  &  Co.     (26)  May  19. 

An  Electric  Fire  Wagon.     (12)  July  7. 

A  New  Automobile  Fire  Engine.     (19)  August  5. 

Cranes  and  the  Power  to  be  used  with  them.    Arthur  Pitt.     ( 1 1)  June  23. 

An  Electrically-Operated  150-Ton  Revolving  Derrick.     (47)|May.27. 

25-Ton  Electrical  Goliath  Crane.     (11)  June  9. 

The  Brown  Cantilever  Traveling  Cranes  at  the  Cramp  Shipyard.     (20)  June  22. 

Coal  Dock  Plant  of  the  Baltimore  &  Ohio  Railway,  Sandusky,  Ohio.    (18)  July  1. 

Temperley  Transporters  for  Coal  Handling.    C.  V.  Slomann.     (55)  May  13. 

The  Production  of  Seamless  Tubing.    H.  S.  WTilson.     (1)  June,  1899. 

Strength  of  Bicycle  Tubes.     Oberlin  Smith,  M.  Am.  Soc.  C.  E.     (20)  August  3. 

The  Folding  Military  Bicycle.     ( 19)  May  20. 

The  Influence  of  Motive  Power  on  the  Design  of  Cotton  Mills.    Stephen  Greene.    (10) 
July,  1899. 

The  Limitations  of  Power  Subdivision  by  Electric  Motors  in  Manufacturing  Establish- 
ments.    (42)  April,  1899. 

The  Utilization  of  Waste.    John  Birkinbine.     (2)  July,  1899. 

A  New  Type  of  Steam  Road  Roller.     ( 13)  June  1. 

New  Mettiod  for  the  Production  of  Hi^h  Temperatures,  and  for  the  Preparation  of  Diffi- 
cultly Fusible  Metals,  free  from  Carbon.    M.  Goldschmidt.     ( 19)  May  20. 

Steam  Hydraulic  Press.    10  Million  Kilogram  Capacity.     (50J  July  1. 

On  Pneumatic  Tools.    Haedicke.     (50)  July  1. 

Machine  Tools.    Arthur  Greenwood,     (11)  June  23. 

Pneumatic  Propulsion.     (12)  June  2. 

The  Calculation  of  Centrifugal  Ventilating  Fans.     (14)  Augusts. 

Tests  of  Rubber  Packing  Rings  at  the  State  Laboratory.     (55)  April  15. 

The  Hastings  Tunneling  Shield.     ( 13  )  August  3. 

A  Plant  for  the  Commercial  Manufacture  of  Liquid  Air.     ( 13)  June  8. 

Etude  sur  divers  Gaz  combustibles  utilises  pour  divers  Usages  industriels  en  general,  et 
principalement  pour  la  Production  de  la  Force  Motrice.    A  Lencauchez.     (32)  May, 
1899. 
Theorie  Mathematique  de  la  Machine  a  Vapeur.    M.  Nadal.     (37)  June,  1899. 
Les  R6gulateurs  des  Machines  a  Vapeur.    L.  Lecornu.     (37)  April,  1889. 
La  Theorie  Mathematique  de  la  Machine  a  Vapeur.    M.  Anspach.     (37)  April.  1899. 
Note  sur  la  Chocs  causes  par  l'eau  dans  les  Conduites  de  Vapeur  et  sur  les  Ruptures  de 

Valves  en  Fonie.    M.  Walckanaer.     (43)  First  trimestre.  1899. 
Bulletin  des  Accidents  d'Appareils  a  Vapeur  survenus  pendant  l'anne,  1897.     (43)  First 
trimestre,  1899. 
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Mechanical— (Continued). 

Deformations  Permanentes  et  Rupture  des  Metaux.    G.  Faurie.     (37)  June,  1899. 

Le  Grande  Siderostat  de  1900.     P.  Gautier.     ( 12)  May,  1899. 

Machine  a  Additionner  les  Fractions.     (36)  June  10. 

D'lStendeur  Regulateur  de  Pressiou  et  Hydro- Alimenteur  Automatique  pour  Chaudieres 

Systemes  Sandillon.    (36)  June  10 
Nouvelles  Voiturettes  Automobiles  a  suspension  Elastique.     (36)  June  10. 
Deuxieme  Concours  des  Fiacres  Automobiles.     (33)  June  24. 
Laminage  des  Demi-produits,  Rails.  Traverses  et  Poutrelles  en  acier.    Emile  Demenge. 

1,33)  May  13. 

Military. 

The  Toulon  Explosion.    Col.  J.  T.  Bucknill.     (11)  May  26. 

Krupp  Quick-Firing  Field-Gun  Carriages.     (12)  May  26. 

The  Mine  Defence  of  Santiago  Harbor.    Lieut.  E.  E.  Capehart.  U.  S.  N.     (10)  July,  1899. 

The  Story  of  Smokeless  Powder.    Hudson  Maxim.     (10)  July,  1899. 

Wave  Action  in  Guns.    Frederick  H.  McGahie.     (19)  May  27. 

The  Terrain.    Lieut.  C.  W.  Castle.     (44)  July,  1899. 

Electric  Communication  in  the  Field.    Howard  A.  Giddings.     (44)  July,  1899. 

Some  Properties  of  Cordite.    Sir  William  Anderson.     (63)  Part  II,  1899. 

Mining. 

Notes  on  Gold  Mining.    Fearnside  Irvine.     (11)  June  16. 

Modern  Practice  in  Gold  Mining.    John  Hays  Hammond.     (11)  June  16 

The  Rose  Deep  Gold  Mine.    Johannesburg]     (12)  June  16. 

Hydraulic  Gold  Mining.    John  Robert  Richardson.     (63)  Part  II,  1899. 

Manganese  Ore  in  Brazil.    F.  Greven.     (50)  May  1. 

A  New  Center  for  the  Russian  Iron  Industry.    M.  Glassenapp.     (52)  No.  7. 

Feldspars  and  Kaolins  of  Southeastern  Pennsylvania.     Prof.  T.  C.  Hopkins.     (3)  July, 

1899. 
The  Iron  Industry  of  Sweden     David  A.  Louis.    (9)  June,  1899. 

The  Great  Magnetite  Deposits  of  Swedish  Laoland.    David  A.  Louis,     (o)  July,  1899. 
By- Product  Coke  Ovens.    Evence  Coppee.     (n)  June  23. 

Comparative  Advantages  of  Electricity,  Steam  and  Compressed  Air  for  Mining  Pur- 
poses.   Henry  Slale  Childe.     (1 1)  June  16  ;  William  Edward  Garforth.     (11)  June  23. 
Problems  in  the  Treatment  of  Butte  Ores.    A.  H.  Wethey.     (16)  July  1. 
Testing  and  Sampling  Placer  Deposits.    Edmund  B.  Kirby.     (16)  July  29. 
Electricity  in  Coal  Mining.    John  Price  Jackson  and  Frank  F.  Thompson.     (28)  July  28; 

(19)  August  5. 
Ignition  of  Firedamp  and  Coal  Dust  by  Means  of  Electricity.    A  Report  of  Experiments 

to  Ascertain  the  Danger  of  Using  Electric  Appliances  in  Mines.     (45)  August,  1899. 
Timbering  Underground  Workings.    George  L.  Kerr.     (45)  June,  1899. 
Mining  and  Ventilating  Anthracite  Mines  with  Increasing  Depths.    H.  O.  Prytherch. 

(45)  June,  1399. 
Current  Ventilation;  the  Early  Methods.  Single  Current  Coursing.  Splitting,  and  the 

Causes  From  Which  They  Originated.     (45)  August,  1899. 
Life  Saving  in  Mines.    H.  Rossner.     (45)  June,  1899. 
Modern  Mine  Haulage  Practice.    Harry  K.  Myers.     (2)  July,  1899. 
Modern  Improvements  in  Coal  Mining;  Winding  from   Deep    Mines.      Henry  William 

Martin.     (11)  June  16. 
Locomotives  de  Mines  a  Vapeur  et  k  I'Eleclricite.     (36)  June  25. 

Municipal. 

Good  Roads  in  New  York  State.     (14)  May  20. 

County  Road  Construction  in  Ireland.     (14)  May  13. 

Concrete  for  Street  Work.     (14)  June  3. 

Subways  for  Street  Pipes.    (14)  June  3. 

The  Development  of  Roads  and  Street  Pavements.    Francis  W.  Blackford.    (1)  April, 

1899. 
Road  Making  in  Ontario.     (14)  June  10. 
Public  Works  in  Kansas  City.     ( 14)  June  17. 

Experience  with  Wood  Pavements  at  Ipswich.  England.     (14)  July  1. 
The  Use  of  Concrete  Curbs  and  Gutters.     (13)  July  6. 
The  Strand  Improvement,  London.     (12)  July  7. 

Redwood  Block  Paving  with  Asphalt  Carpeting  at  Oakland,  Cal.     (13)  July  20. 
State  Road  Construction,  New  York.     (14)  August  5. 
Notes  on  Indianapolis  Pavements.     (14)  August  5. 
New  York  Street  Widenings  and  Extensions.     (19)  July  29. 
Construction  of  Substructures  in  Streets.     Henry  C.  HoJgkins.     (24)  July  24. 
La  Construction  et  PEntretien  des  Routes.    Cyrille  Jansens.     (30)  June,  1899. 

Railroad. 

The  Central  of  Georgia  Terminals.     (40)  May  26. 

The  Brooklyn  Terminal  Improvements  and  East  River  Tunnel  of  the  Long  Island  Rail- 
road.    (13)  May  18. 
Southern  Pacific  Terminal  at  Oakland.     (15)  July  21. 
The  Boston  Elevated  Railway.     (13)  May  11. 
Building  the  Boston  Elevated  Railroad.    Edgar  M.  Smith.     (15)  July  7. 
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The  Power  Station  of  the  Northwestern  Elevated  Railroad  Company  of  Chicago.     (17) 

July,  1899. 
Gasoline  Engine  Drainage  Plant  at  Sixteenth  Street  Crossing,  Chicago.     (18)  May  13; 

(40)  May  12. 
New  Gravity  Yard,  Illinois  Central  Railroad  at  New  Orleans.     ( 1 8 )  July  22.' 
Coal,  Ash  and  Sand  Handling  Station,  Illinois  Central  Railroad.  Chicago,  111.     (18)  July 

29. 
The  North  Bessemer  Tunnel.    F.  E.  House.    (18)  July  15;  (15)  July  7. 
The  New  Treptow-Stralau  Tunnel  under  the  Spree.     (19)  May  20. 
An  American  Railway  in  Culombia.    Francis  R.  Hart.     (7)  June,  1899. 
A  Railway  Pile-Driver.    G.W.Smith.     (4)  June,  1899. 
Preservation  of  Timber.    Samuel  M.  Rowe,  M.  Am.  Soc.  C.  E.     (4)  June,  1899;   (13)  July 

20. 
What  is  a  Light  Railway'/    Arthur  Cadlick  Pain.    (11)  June  9;  (12)  June  9. 
Mountain  Railways.    Charles  Asshetou  Whately  Pownall.    (11)  June  9;  (12)  June  9. 
Earth  Slips.    Robert  Elliott  Cooper.     ( 1 1 )  June  23. 

The  Transport  of  Minerals.    Charles  De  Neuville  Forman.     (11)  June  23. 
The  Transportation  of  Minerals  by  Rail.    J.  D.  Twinberrow.    (11)  June  9. 
Through  Transportation  on  Common  Roads  and  Street  Railways.    ( 13)  June  15. 
Some  Principles  Governing  the  Proper  Distribution  of  Locomotives  in  Economical  Rail- 
way Operation.    E.  M.  Herr.     (25)  June,  1899. 
Economics  of  Freight  Locomotive  Operation.    G.  R.  Henderson.     (251  June,  1890. 
The  Function  of  a  Railroad  Testing  Laboratory.    Samuel  Stockton  Voorhees.     ( 1 )  June, 

1899;  (15)  August  4. 
Building  the  Niagara  Gorge  Railway.    George  A.  Ricker.     <  2)  July,  1899. 
The  Problem  of  Elevated  and  Suburban  Electric  Railway  Transportation.    Frank  J. 

Sprague.    (17)  July,  1899;  (151  July™. 
Motor  Power  on  Tramways.    Thomas  Parker.    (11)  June  9;  (12)  June,  9. 
An  Interesting  Piece  of  Railway  Location  (India).    (18)  May  20. 
Right  of  Way,  Grades  and  Grade  Crossings  of  Electric  Railways.    (13)  May  18. 
A  Peculiar  ( trade  Crossing,  Switzerland.     ( 13)  June  15. 

Change  of  Gauge  on  the  Columbia  and  Western  Railroad  ^Canadian  Pacific  Railway  Sys- 
tem).    (13)  July  20. 
The  Present  Status  of  Electric  Welding  of  Rails.     (17)  June,  1899. 
Relaying  Railways.    Harry  Footner.     (11)  June  23. 

The  Effects  of  Wear  Upon  Steel  Rails.    William  George  Kirkaldy.     (63)  Part  II,  1899. 
Comparison  of  Cost  and  Efficiency  of  Various  Styles  of  Small  Railway  Culverts.  Hunter 

McDonald,  M.  Am.  Soc.  C.  E.    (18)  June  3. 
Street  Railway  Track  Construction.    M.  D.  Burke.    (1)  April,  1899. 
Track  Construction  of  the  Cincinnati  Street  Railway  Company.     (17I  July,  1899. 
Steel  cs.  Wood  Tanks.    Theodore  W.  Snow.     (4)  June,  1899. 

Standard  Steel  Water  Tanks  of  the  Atchison,  Topeka  and  Santa  F6.     (15)  July  21. 
Railway  Signaling.    Alexander  Ross.     (11)  June  9;  (12)  June  9. 
Audible  Station  Signals     (511  May  10. 

Brierley's  Patent  Railway  Signaling  Apparatus.    (21)  July,  1899. 

Controlled  Manual  Block  Signals  for  Single  Track.     (15)  June  2. 
Electro-Pneumatic  Signaling  Plant,  Bethnal  Green.     (11 )  June  16. 

Block  Signaling  and  Interlocking  on  the  Chicago,  St.  Paul,  Minneapolis  and  Omaha  Rail- 
way.   (13)  May  25. 

An  Automatic  Block  System  for  Single-Track  Electric  Railways.    (13)  May  25. 
Interlocking  Plant  at  Pacific  Junction,  Chicago,  Milwaukee  and  St.  Paul  Railway.    (13) 
May  11;  (18)  May  13. 

Bridge  Signals  at  Rugby,  London  and  Northwestern  Railway.     (21)  May,  1899. 

The  Advantages  or  Disadvantages  of  Uniting  the  Lock  and  Block  Signaling  Appliances 
of  Railways.    Alexander  Ross.    (21)  July,  1899. 

The  Wootten  Boiler.     (i8)June3. 

Locomotive  Boilers— Some  Points.     (15)  June  9. 

The  Determination  of  the  Friction  Losses  of  Locomotives.     (15)  June  9. 

Locating  the  Cut  Off  and  Other  Events  on  Locomotive  Indicator  Cards.    C.  H.  Robert- 
son.    (15)  June  30. 

Best  Method  of  Applying  Stay  Bolts  to  Locomotive  Boilers.     (13)  June  29. 

Recent  Practice  in  Purifying  Feed  Water  for  Locomotives.     (13)  June  29. 

The  Allen  Valve  for  Locomotives.    C.  H.  Quereau.    (20)  May  25;  (131  June  15. 

An  Adjustable  Valve  Model.     (18)  July  15. 

Piston  Valves  for  Locomotives.    F.  M.  Whyte.    (25)  June,  1899. 

Locomotive  Design— The  Working  Strength  of  Materials— Boilers.     F.  J.   Cole.     (25) 
June,  1899. 

Notes  on  the  Effect  of  Ports  and  Valve  Gears  on  the  Performance  of  High-Speed  Loco- 
motives.   R.  A.  Smart.     (25' June.  1899. 

English  and  American  Locomotive  Building.    Charles  Rous-Marten.    (9)  July,  1899. 

Geared  Locomotives  in  the  United  States.     (12)  May  19. 

Notes  on  Hot  Main  Pins.    C.  H.  Quereau.     (51)  May  25. 

Smokeless  Firing  on  the  Cincinnati,  New  Orleans  and  Texas  Pacific.     (15)  July  21. 

Compound  Locomotives.    Francis  William  Webb.     (11)  June  9;  (12)  June  9. 

Player's  Tandem  Compound  Locomotives.     v25>  June,  1899. 

A  Double-Ported  Valve  for  Compound  Locomotives.     (40)  June  30. 

The  Drifting  of  Two-Cylinder  Compounds.     (15)  June  9. 

Vauclain  Compound  vs.  Simple  Locomotive  with  Piston  Valves.     (25)  August,  1899. 
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The  Atlantic  Type   (of  Locomotive)  and  the  Wide  Firebox.    J.   Snowden   Bell.     (25) 

June,  1S99. 
Atlantic  Type  Locomotive,  Pennsylvania  Railroad.     (15)  July  7. 
Atlantic  Type  Locomotives  for  the  Erie.     (15)  July  21. 
Ten-Wheei  Passenger  Locomotives  for  the  Denver  and  Rio  Grande  Railroad.     (15)  July 

28;  (18)  July  29. 
Schenectady  Ten-Wheel  Passenger  Engines  for  the  New  York  Central.      (15)  August  4; 

(25)  August,  1899. 
Fast  Passenger  Locomotives  of  the  Chicago  and  Northwestern  Railway.    ( 15)  May  26: 

(25)  June,  1899;  (40)  June  2;  (ih)  June  3. 
Recent  Schenectady  Locomotives.     (40)  May  19. 
Heavy  Passenger  Locomotive  for  the  Vandalia  Line.     (18)  May  20. 
The  Burlington's  Largest  Passenger  Locomotives.     (40)  May  12. 
New  Passenger  Locomotives  of  the  Pittsburg  and  Western  Railway.     (15)  August  4. 
Heavy  Freight  Locomotives  for  the  Lehigh  Valley  Railroad.     ( 13)  July  27. 
60-Ton  Heisler  Geared  Locomotive:  McCloud  River  Railroad,  Northern  California.     (13) 

July  27. 
Freight  Locomotives  for  the  Lake  Shore  and  Michigan  Southern.     (15)  May  19. 
New  York  Central  Moguls  in  1889  and  1899.     (15)  June  30. 
Schenectady  Consolidation  Locomotives  for  the  Delaware  and  Hudson.     (15)  July  28; 

(25)  August.  1899. 
Standard  Consolidation  Freight  Locomotives,  Pennsylvania  Railroad.  Classes  H  5  and 

H6.     (25)  June,  1899. 
Express  Passenger  Oil-Burning  Engine:  Great  Eastern  Railway.     (21)  July,  1899. 
Six- Wheels  Coupled  Goods  Engine,  Furness  Railway.     (12)  July  7. 
Six-Coupled  Express  Engines  for  Northeastern  Railway.     ( 12 )  July  21. 
Express  Passenger    Locomotive  for   the  London   and    Southwestern    Railway.      (11) 

June  16. 
Stockton  and  Darlington  Railway  Engines.     (21)  May,  1899. 
A  Heavy  Express  Locomotive  for  the  Lancashire  and  Yorkshire.    J.  Pearson  Pattinson. 

(15)  May  19. 
Side  Tank  Passenger  Engine,  London  and  Northwestern  Railway.'    (12)  May  19. 
American  Locomotives  for  Foreign  Railways.     (13)  June  15. 
Tank  Locomotive,  Pretoria  and  Pietersburg  Railway.     ( 12)  May  5. 
The  Automatic  Freight-Car  Coupler  in  the  United  States.    H.  G.  Prout,  M.  Am.  Soc.  C.  E. 

(10)  June,  1899. 
Laycock's  Automatic  Railway  Coupling.     (11)  May  19. 
Solid  Wrought  Forged  Axle  Box  Frames  vs.  Riveted  Patchwork  Truck  Frames.    John 

A.  Brill.     (17)  August,  1899. 
Air  Brakes  on  European  Street  Railways.     (17)  June,  1899. 
Solid  Brake  Beams.    R.  H.  Angier.     (15)  June  9. 
Metal  Plating  for  Passenger  Coach.     (18)  July  22. 
The  Rolling  St. ick  of  the  Great  Central  Railway.     (11)  July  14. 
A  Group  of  Instruction  Cars.     (40)     May  12. 
Meter-Gauge  Composite  and  Third  Class  Carriages,  Eastern  Bengal  State  Railway.    (21) 

May,  1899. 
Narrow  Gauge  Carriages,  Eastern  Bengal  State  Railway.     (21)  July,  1899. 
Bogie  Carriages,   South-Eastern,  and  London,  Chatham  and  Dover  Railways.      (12) 

June  2. 
Bogie  Mineral  Wagons,  50  tons  Capacity,  Caledonian  Railway.     (21)    July,  1899. 
Oil  Sprinkling  Car,  Boston  and  Maine  Railway.     (18)  July  8'. 
Cauda  100  000-Pound  Capacity  Cars.     (15)  June  9. 
Norfolk  and  Western  Railway  100  000-Pound  Hopper  Car.     (18)  June  10;  (15)  July  28; 

(25)  June.  1899. 
Steel  Frame  Hopper  Cars.     (40)  June  2. 

Insulated  Meat  Van;  North-Eastern  Railway.     (21)  June,  1899. 
Car-Wheel  Construction.     Edward  Grafstrom.     (25)  June,  1899. 
The  Manufacture  of  Car  Wheels.    G.  R.  Henderson.     (17)  June.  1899. 
The  Heating  of  Car  Wheels  and  Its  Relation  to  the  Heat  Test.     (15)  June  9. 
Electric  Lighting  of  Railway  Trains  111  Great  Britain.    H.  Scholey.     (10)  June,  1899. 
Electric  Intercommunication  in  Railway  Trains.    W.  E.  Langdon.    (21)  May,  1899. 
Electric  Locomotive  Design.    (11)  May  26. 
The  Diatto  System  of  Electric  Traction.     (12)  May  26. 
Electro-Magnetic  Traction  System.     (17)  June,  1899. 
The  Influence  of  Electricity  Upon  Railway  Locomotion.     B.  H.  Thwaite.     (9)   June, 

1899. 
The  Electric  Railways  of  Budapest.    Alfred  O.  Dubsky.    (10)  June,  1899. 
Electric  Locomotives  in  Practice  and  Tractive  Resistance  in  Tunnels.     (17)  June,  1899. 
The  Electric  Railway  System  of  Milwaukee  and  Eastern  Wisconsin.     (17)  June.  1899. 
Three-Phase  Transmission  for  Railway  Service  Near  Philadelphia.     (17)  June,  1899. 
Speed  Tests  on  the  Cleveland-Lorain  Railway.     (17)  June,  1899. 
Edison  Electric  Railways  of  1880  and  1882.    Edwin  W.  Hammer.    (27)  June  10. 
Mechanical  Traction  by  Electricity.    Granville  C.  Cunningham.     (11)  June  16. 
The  Hull  Electrical  Tramways.     (26)  July  7. 
The  Dudley  and  Stourbridge  Electric  Tramways.     (26)  July  28. 
High  Speed  Electric  Railway  Between  Dusseldorf  and  Krefeld.     (17)  August,  1899. 
The  Berlin  Combined  Trolley  and  Conduit  Electric  Railway.     (13)  August  3. 
Compressed  Air  Motors  in  New  York.     (17)  June,  1899. 
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Labor-Saving  Devices  in  Cincinnati  Street  Railway  Repair  Shops.     (17)  June,  1899. 

Le  Chemin  cle  Fer  du  St.  Gothard.    Le  Material  de  la  Voie— Le  Personnel  de  l'Exploita- 

tion.    Jules  Michel.     (38)  May  5. 
La  Nouvelle  Gare  Terminus  de  la  Compagnie  d'Orleans.     (33)  June  10. 
Le  Metropolitain  de  Paris.    G.  Leugny.     (36)  June  10. 

Le  Prolongement  de  la  Ligne  d'Orleans  dans  Paris.    Emile  Dieudonne.     (36)  June  25. 
Les  Travaux  d'Agrandissement  de  la  Gare  de  l'Est.    G.  Leugny.     ( 36)  July  10. 
Note  sur  les  Nouvelles  Lignes  de  la  Compagnie  des  Chemins  de  Fer  de  1'Ouest,  dans 

Paris  et  dans  la  Banlieue.     (38)  June,  1899. 
Application  sur  le  R6seau  du  Nord  des  Serrures  d'Encleuchement  du  System  Bour6.    M. 

A.  Montier.    (38)  June,  1899. 
Emploi  des  Courants  Triphas6s  dans  les  Tramways  Electriques.    Louis  Michel.     (38) 

June.  1899. 
Application  de  la  Traction  Mechanique  au  moyen  d'Accumulateurs  Electriques  aux 

Lignes  du  Louvre  a  Vincenues  de  la  Compagnie  des  Omnibus  de  Paris.     (38)  July, 

1899. 
Le  Freinage  des  Trains  de  Marchandises.     (36)  June  10. 
■  Locomotion  sur  Rails.     Tramways  "  Systeme  Serpollet  et  Systeme  Walker."'     (36) 

July  10. 
Applications  de  la  Traction  Electrique  sur  le  Reseau  de  la    Compagnie  Paris-Lyon- 

M6diterran6e.     (33)  July  22. 
Note  sur  les  Appareils  de  Verouillage  Electrique  en  usage  a  la  Compagnie  de  Paris- 

Lyon-M6diterranee.    M.  Bouvier.     (38)  May  5. 

Sanitary. 

Sewers  Laid   under  Aqueducts  at  Newton,  Mass.    Henry  D.  Woods,  M.  Am.  Soc.  C.  E. 

(1)  May,  1899. 
The  Sewerage  of  London,  England.     (14)  June  3. 
The  Shone  Sewerage  System  at  Karachi.     (14)  May  27. 
Tail  Race  of  the  Chicago  Drainage  Canal  (13)  July  6. 

Twin  Tide  Gate  for  the  Swanson  Street  Canal  Outlet.    Philadelphia,  Pa.     (13)  July  20. 
The  Relation  of  Manufacturing  Wastes  to  the  Sewerage  Problem.     (13)  May  25. 
Sewage  Disposal  at  Glasgow.    James  H.  Fuertes,  M.  Am.  Soc.  C.  E.     (14)  May  20. 
Sewage  Analysis  and  the  Chemical  Treatment  of  Sewage.    Leonard  P.  Kinnicutt.     (13) 

May  11. 
Notes  on  the  Berlin  Sewage  Farms.     (14;  June  10. 

Sewage  Sludge  Disposal  by  Natural  Agencies.    G.  Sims  Woodhead.     (11)  June  16. 
Sewage  Disposal  at  Brockton,  Mass.     (14)  July  8. 
Septic  Tank  Sewerage  Works  at  Barhead.     ( 12 )  July  14. 
A  Sewage  Distributing  Tank  and  Automatic  Dosing  Apparatus  for  Marion,  Ind.    F.  A. 

Barbour.     (13)  July  13. 
English  Experience  with  Garbage  as  Fuel  for  Electric  Light  Stations.     (13)  July  13. 
Refuse  Disposal  in  New  York  in  1898.    ( 14)  June  10. 
The  Purification  of  the  Thames,  England.    (14)  June  17. 
State  Drainage  Work  in  the  Red  River  Valley,  Minnesota.     (13)  June  15. 
The  Toilet  Conveniences  in  a  Model  Foundry.     (13)  July  27. 
The  Ventilation  of  Tunnels  and  Buildings.    Francis  Fox.     (63)  Part  II,  1899. 
The  Disinfecting  Station  at  Genoa.    James  H.  Fuertes,  M.  Am.  Soc.  C.  E.     (14)  July  22. 
The  Sanitary  Condition  and  Requirements  of  Havana,  Cuba.    E.  Sherman  Gould,  M.  Am. 

Soc.  C.  E.     (13)  August  3. 
Les  Barns-Douches  a  Bon  Marche  a  Rouen  et  a  Paris,    Paul  Sarrey.     (33)  May  6. 
Etat  Actuel  de  l'Assainissement  de  Paris.     (33)  July  22. 

Structural. 

Chemical  Tests  of  Cement.    John  F.  Wixford  and  S.  Bent  Russell,  M.  Am.  Soc.  C.  E. 

(1)  June,  1899. 
Experiments  to  Determine  the  Effect  of  Freezing  on  Concrete.    Walter  A.  Rogers.     (4) 

June,  1899. 
The  Utilization  of  Trass  mixed  with  Hydraulic  Cement  in  Germany.     ( 13)  July  27. 
The  Utilization  of  Volcanic  Products;  Basalt,  Lava  Stone  and  Trass.     (12)  May  26. 
Some  Features  of  the  Structural  Design  of  Buildings.    William  H.  Burr,  M.  Am.  Soc. 

C.  E.    (3)  June,  1899. 
Mechanical  Influence  in  Architecture.    G.W.Percy.     (1)  April,  1899. 
Effect  of  Different  Speeds  and  Radii  of  Curves  upon  the  Inclination  of  Bicycle  Tracks. 

John  O.  Quade.     (4)  April,  1899. 
Wind  Pressure  on  Buildings  and  other  Structures.    J.  O.  V.  Irminger.     (24)  May  29. 
The  Dynamics  of  Framed  Structures.    H.  Reisuer.     (49)  V1I-IX. 
Groined  Steel  Roof  Arches.     (14)  July  8. 
A  Novel  Design  for  a  Steel  Bin  for  the  Storage  of  Coal,  Grain,  Sand  or  Cement.    A.  b. 

Berquist.     (13)  July  27.  TT 

The  Deadening  of  Building  Walls,  in  order  to  Improve  the  Acoustics.    R.  Heger.    (51) 

July  15. 
New  Features  of  Fireproofing.     (14)  July  1. 

Fireproof  Floor  Construction  in  California.    G.  W.  Percy.     (14)  June  17. 
An  Enclosed  Spiral  Fire  Escape.     (14)  June  10. 
Tests  of  Fireproof  Construction  by  the    British  Fire  Prevention   Committee.      (13) 

June  8.  T        Q 

Water  Curtains  for  the  Fire  Protection  of  the  Chicago  Public  Library.     (13)  June  8. 
New  House  of  the  Danish  Society  of  Engineers.    (55)  April  22. 
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Structural — (Continued). 

The  New  Home  of  the  Institution  of  Mechanical  Engineers,    (12)  May  12. 

The  Design  of  the  Public  Schools  of  London.     (14)  July  22. 

The  Kansas  City  Convention  Hall.     (14)  July  22. 

The  New  Free  Public  Library,  Jersey  City,  N.  J.     (14)  May  20. 

Glasgow  International  Exhibition,  1901.    (12)  May  5. 

Remodeling  the  Grand  Central  Station,  New  York.     (14)  June  17. 

Raising  and  Moving  Large  Buildings.     (13)  June  1. 

Moving  a  Great  Steel  Arch.    (20)  July20. 

The  Jersey  City  Trainshed.    (14)  August  5. 

A  Practical  Ice  Storage  House.     Kauser.     (51)  July  5. 

Cantilever  Foundations  of  an  English  Building.     (14)  August  5. 

Steel  Tank  Grain  Elevator  on  the  Chicago  and  Western  Indiana  Railway.    ni8)  July  15. 

Plant  of  the  Maryland  Cement  Company,  Sparrows  Point,  Md.     Frederick  H.  Lewis,  M. 

Am.  Soc.  C.  E.     (14)  July  15. 
The  New  Building  of  the  Weston  Electrical  Instrument  Company.     (20)  July  13. 
Two  Noteworthy  New  York  Stables.    (14)  July  15. 
The  Strawbridge  Stable.  Germantown,  Philadelphia,  Pa.     (14)  May  27. 
Veterinary  Stable,  Cornell  University,  Ithaca,  N.  Y.     (14)  June  3. 
The  Equipment  of  Tall  Office  Buildings  in  New  York  City.     (14)  May  13. 
The  Power  Plant  of  Columbia  University.    (14)  May  13. 
Some  Engineering  Features  of  a  Philadelphia  Residence.     (14)  June  17. 
The  Mechanical  Plant  of  the  Park  Row  Building,  New  York.    (14)  July  1. 
The  Distribution  of  Steam  at  Dartmouth  College.     (14)  July  8. 
A  Gravity  Steam  Heating  Apparatus  in  a  Church.    (14)  July  8. 
Heating  with  Steam  at  or  Below  Atmospheric  Pressure.    (14)  July  29. 
A  Hospital  Central  Heating  Plant.     (14)  July  22. 
The  Heating  Plant  of  the  University  of  Wisconsin.    (14)  May  13. 
Engineering  Features  in  the  Alexian  Brothers  Hospital,  Chicago.     (13)  July  20. 
The  New  York  Athletic  Club's  Swimming  Bath.     (14)  May  20. 
Plumbing  in  the  New  York  Athletic  Club  House.     (14)  July  29. 
Ventilation.    Prof.  R.  H.  Smith.    (12)  May  5. 
Ventilation  and  Heating  of  a  New  York  School.     (14)  May  27. 
The  Ventilation  of  a  Newark  Jail.     (14)  June  10. 
Glue  Testing.    S.  Rideal.    (19)  July  22. 

Manganese  in  the  Acid  Martin  Process.    K.  Toech.     (50)  June  15. 
La  Chemint'e  Monumentale  de  l'Usine  la  Bourdonnais  au  Champ-de-Mars,  Exposition  de 

1900.    Ch.  Dantin.     (33)  May  6. 
Evolutions  des  Constructions  en  Ciment  Arm<5.     (36)  June  10. 
La  Nouvelle  Gare  de  Tours.     (33)  June  24. 
Theorie  et  Applications  Nouvelles  de  Ciment  Arrn€.    Horel  de  la  Noe.      (43)   First 

trimestre,  1899. 
Constructions  Diverses  pour  JDetermines  la  Poussee  des  Terres  sur  un  Mur  de  Soutene- 

ment.    M.  Hisely.     (43)  i  irst  trimestre,  1899. 
Palais  des  Fils,  Tissus  et  Vetements,  au  Champ-de-Mars,  Exposition  de  1900.    L.  Bour- 

dain.     (33)  May  13. 
Petites  Maisonsd'Habitation  a  Montrouge  (Seine).    E.  Rivoalen.     (35)  May,  1899. 
Le  Metal  Deploye  a  r  Exposition.    (36)  May  25. 

Topographical. 

Surveys  in  Tropical  Forests.     (14)  June  3. 

The  Application  of  the  Railroad  Spiral  to  Race  Tracks.    William  G.  Raymond,  M.  Am. 

Soc.  C.  E      (13)  June  15. 
Relief  Map  Construction.    Frank  G.  White.     (13)  July  13. 
Geodetic  Work  in  Spitzbergen.    Prof.  J.  H.  Gore.     (19)  August  5. 
Geodetic  Observations  in  the  United  States.    (19)  July  15. 
Geology  of  the  Wachusett  Dam  and  Wachusett  Aqueduct  Tunnel  of  the  Metropolitan 

Water-Works  in  the  Vicinity  of  Clinton,  Mass.    W.  O.  Crosby.     (7)  June,  1829. 
The  Geodetic  Observatory  at  Middlesex  Fells.    George  L.  Hosmer.     (7)  June,  1899- 

Water  Supply. 

The  Colton  Index  to  Hydraulics.     (14)  June  17. 

The  New  Masonry  Dam  at  Holyoke,  Mass.     (14)  July  22. 

The  Construction  of  a  Crib  Dam  for  the  Butte  City  Water  Company.    Eugene  Carroll. 

(1)  April,  1899. 
The  Indian  River  Dam.    George  W.  Rafter,  M.  Am.  Soc.  C.  E.    Wallace  Greenalch,  Jun. 

Am.  Soc.  C.  E.,  and  Robert  E.  Horton.     (13)  May  18. 
The  Hollow  Walls  or  Inspection  Chamber  of  the  Charonne  Reservoir,  Paris.    (i3)|July 

13. 
A  Lesson  in  Water-Works  Management.    (14)  June  17. 
Preventing  Tastes  in  the  Syracuse  Water  Supply.     (14)  May  20. 
A  Consideration  of  the  Rate  per  Head  per  Day  of  Supply  in  Different  Towns,  and  of  the 

Causes  which  Increase  or  Diminish  it  in  Particular  Instances.    James  Watson.     (11) 

June  16. 
The  Use  of  Filtered  Flood  Water.    Mathew  Wilson  Hervey.     (11)  June  16. 
Preventing  Water  Waste  in  Newark.  N.  J.     (14)  July  15. 
Water  Consumption  and  Waste  in  Great  Britain.    (14)  July  15. 
The  Estimation  of  Suspended  Matters  in  Water.    (14)  August  5 
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Water  Supply— (Continued). 

On  Rapid  Methods  for  the  Estimation  of  the  Weight  of  Suspended  Matters  in  Turbid 

Waters.    Charles  L.  Parmelee  and  Joseph  W.  Ellms.     (7)  June,  1899. 
The  Water- Works  of  Columbus,  Ohio.     (14)  June  3. 

The  Washington  Aqueduct,  1853-1898.    William  R.  Hutton,  M.  Am.  Soc.  C.  E.    (14)  July  29. 
Compton  Hill  Water  Tower,  St.  Louis.     (14)  Augusts. 
The  New  Water  Supply  System  of  Rockford,  111.     (13)  July  13. 
London  Water  Supply.     (12)  May  19. 

Some  Difficulties  in  Obtaining  a  Water  Supply,  Birmingham,  Ala.    (14)  May  27. 
A  Large  Artesian  Well  Plant  at  Camden,  N.  J.    (13)  May  11. 
Water- Works  for  the  City  of  Bergish-Gladbach.     N.  Ehlert.     (48)  June  17. 
The  New  Water- Works  in  Dresden.    Vocherot.     (48)  July  1. 
Logarithmic  Diagram  for  Flow  of  Water  in  Clean  Cast-iron  Pipes  Under  Pressure.    (13) 

July  6. 
Second  Test  of  a  14-Inch  Riveted  Steel  Main  at  New  Westminster,  B.  C.    A.  McL. 

Hawks,  Jun.  Am.  Soc.  C.  E.     (13)  July  6. 
The  Manufacture  and  Inspection  of  Cast-Iron  Pipes.    Thomas  H.  Wiggin.     (1)  May,  1899. 
Some  Notable  Australian  Steel  Pipe  Lines.     (13)  June  29. 
Experiments  on  Various  Forms  of  Fire  Hydrants.     (13)  May  11. 
Notes  on  Suction  Pipes.     (14)  May  13. 
The  Joints  of  Riveted  Water  Pipe.     (14)  June  10. 
Thawing  Frozen  Water  Pipes  by  Electricity.     (14)  May  20. 
Cleaning  Cast-iron  Water  Pipe  with  Scrapers  at  St.  John,  N.  B.,  and  Boston,  Mass. 

(13)  July  20. 
Cleaning  Street  Mains.     (14)  July  22. 
Scraping  Water  Mains,  Boston,  Mass.     (14)  June  17. 
The  Results  of  the  Meter  System  in  Richmond,  Va.     (14)  June  3. 
The  Present  Status  of  Water  Filtration.     (14)  May  27. 
A  New  Coagulant  for  Mechanical  Filters.     (14)  May  27. 
The  Operation  of  WTater  Filters  in  Germany.     (14)  June  10. 
Test  or  a  Mechanical  Filter,  East  Providence,  R.  I.     (14)  July  1. 
Test  of  Mechanical  Filter  at  East  Providence.  R.  I.    Edmund  B.  Weston,  M.  Am.  Soc. 

C.  E.     (13)  July  13. 
The  Utilization  of  the  Water  Powers  of  Italy.    Enrico  Bignami.     (9)  August,  1899. 
The  Water  Power  Development  at  Chambly.    Charles  W.  Haas.     (27)  June  3. 
Development  of  the  Montmorency  Falls.    E.  M.  Archibald.     (27)  June  17. 
The  Engineering  Development  of  "Porto  Rico.    H.  M.  Wilson,  M.  Am.  Soc.  C.  E.     (9)  July, 

1899. 
Turbine  Installation  at  Strensham  Mills,  England.     (11)  June  2. 
The  Hydraulic  Features  of  the  Chambly  Water  Power.     (14)  June  17. 
Pumping  Engines  Driven  by  Water  Power.      Charles  A.  Hague,  M.  Am.  Soc.  C.  E.     (13) 

July  6. 
The  East  Jersey  Water  Company's  Hydraulic  Plant  at  Little  Falls.    (14)  July  8;   (13) 

August  3. 
Elements  of  Design  Favorable  to  Speed  Regulation  in  Plants  Driven  by  Water  Power. 

Allan  V.  Garratt.     (13)  July  27;  (24)  August  7. 
Note  sur  les  conditions  de  Resistance  des  Barrages  de  Reservoirs  en  Maconnerie.    M. 

Barbet.     (43)  First  trimestre,  1899. 

Waterways. 

The  Design  of  Breakwaters.    John  Watt  Sandeman.     (11)  June  16. 

Notes  on  the  Effects  of  Waves  on  Breakwaters  in  Different  Depths  of  Water.    William 

Shield.     (11)  June  16. 
The  Delaware  Breakwater.     (14)  July  8. 

Westport  Harbor,  N.  Z.  Wave-Basin.    Thomas  Harold  Rawson.     (63)  Part  II.  1899., 
The  Brussels  International  Congress  on  Navigation  of  1898;  the  Bruges  Ship-Canal;  and 

New  Works  at  Ostend  and  Antwerp.      Leveson  Francis  Vernon-Harcourt.    (63) 

Part  II,  1899. 
Canalization  of  the  River  Fulda  from  Cassel  to  Miinden.    Volkmann  and  Twiehaus. 

(49)  VII-IX. 
The  Panama  Canal,  According  to  the  latest  Plans     (53)  June  30. 
Floods  in  the  Brisbane  River;  and  a  System  of  Predicting  their  Heights  and  Times. 

Cyrus  John  Richard  Williams.     (63)  Part  II,  1899. 
The  Teutschert-Czischeck  System  of   Lifting  Ships,    without   Locks  or  Sluices.      L. 

Czischeck.     (53)  July  7. 
The  Operation  of  the  Hotopp  Locks  on  the  Elbe-Trave  Canal.     H.Arnold.     (48)  May  27. 
The  Great  Canal  Lock  at  Henrichenburg.     (19)  July  1. 
The  Largest  Dipper  Dredge  Ever  Built.    (13)  July  13. 
The  New  Bales  Hydraulic  Dredges  for  the  Volga.     (14)  July  22. 
Sand  Pump  Dredges.    Anthony  George  Lyster.     (11)  June  16. 
Failure  of  Dam  at  Minneapolis  Due  to  Previous  Weakening  Through  Ice  Pressure. 

James  W.  Rickey.    (13)  May  11. 
Failure  of  a  Minneapolis  Dam  by  Ice  Pressure.     (14)  May  13. 
The  Ochoa  Dam.     ( 14)  May  13. 
Partial  Failure  cf  the  Timber  Crib  Dam  of  the  Montana  Power  Company  near  Butte, 

Montana.    M.  S.  Parker,  M.  Am.  Soc.  C.  E.     (1)  April,  1899. 
Le  Canal  de  Marseille  au  Rhone.    (36)  May  25. 

Note  sur  Pont-Riviere  D'Oudan.    M.  Mazoyer.     (43)  First  trimestre,  1899. 
Construction  du  Port  d'Escale  de  Zeebrugge;  Note  sur  les  Chantiers  de  l'Enterprise  de 

MM.  Coiseau  et  Cousin.  Ch.  Piens.     (30)  June,  1899. 
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NEW  BOOKS  OF  THE  MONTH. 

Unless  otherwise  specified,  books  in  this  list  have  been  donated  to  the  Library 
by  the  Publisher. 


AN  ELEMENTARY  AND  PRACTICAL  TREATISE  ON  BRIDGE  BUILDING. 

By  S.  Whipple.  Cloth,  9x6  ins.,  352  pp.,  illus.  New  York,  D. 
Van  Nostrand  Company.     $4.00. 

This  is  a  reprint  of  the  second  edition  of  this  work.  It  treats  of  essentially  the 
same  general  plans,  combinations  and  proportions  for  bridge  work  as  were  discussed 
in  its  predecessor. 

DE  PONTIBUS. 

A  Pocket-Book  for  Bridge  Engineers.  By  J.  A.  L.  Waddell,  M. 
Am.  Soc.  C.  E.  Morocco,  flap,  6  J  x  4$  ins.,  403  pp.,  illus.  New  York, 
John  Wiley  &  Sons,  1899.     $3.00.     (Donated  by  the  Author.) 

The  author  has  endeavored  in  this  work  to  treat  essentially  of  the  fundamental 
principles  of  bridge-designing  and  their  application,  and  has  drawn  almost  entirely 
upon  his  own  professional  practice  for  examples  to  illustrate  the  text.  Three  chapters 
are  devoted  to  designing,  eight  to  various  classes  of  bridges,  trestles  and  viaducts  and 
elevated  railroads,  five  to  specifications  and  one  each  to  detailing,  the  compromise 
standard  system  of  live  loads  for  railway  bridges  and  equivalents  for  the  same,  timber 
trestles,  inspection  of  materials  and  workmanship,  designing  of  piers,  triangulation 
and  office  practice.  There  are  ten  plates  of  curves  and  diagrams,  eighteen  tables  and 
an  index  of  thirty-one  pages. 

TABLES  OF  MOMENTS  OF  INERTIA 

And  Squares  of  Radii  of  Gyration;  Supplemented  by  Others  on  the 
Ultimate  and  Safe  Strength  of  Wrought  Iron  Columns,  Safe  Strength 
of  Timber  Beams  and  Constants  for  Readily  Obtaining  the  Shearing 
Stresses,  Reactions  and  Bending  Moments  in  Swing  Bridges.  By 
Frank  C.  Osborn,  M.  Am.  Soc.  C.  E.  Fourth  Edition.  Morocco,  6x4 
ins. ,  175  pp.  New  York,  Engineering  News  Publishing  Company,  1894. 
$3. 00.     (Donated  by  t  he  Author. ) 

The  aim  of  the  author  has  been  to  supply  a  need  felt  by  engineers  and  draftsmen 
engaged  in  structural  work  in  iron  and  steel.  In  this  edition,  tables  for  facilitating  the 
computation  of  stresses  in  swing  bridges  have  been  added. 

ELECTRICITY  IN  AMERICA. 

L'Electricite  en  Amerique.  Notes  de  Voyage  stir  le  Developpement 
des  Applications  de  l'Electricite  aux  Etats-Unis  et  au  Canada.  Par 
Marcel  Delmas.  Paper,  9i  x  6\  ins.,  81  pp.,  illus.  Paris,  Publications 
du  Journal  Le  Genie  Civil.     (Donated  by  the  Author.) 

This  pamphlet  is  a  reprint  from  the  author's  contribution  to  Le  Genie  Civil  of  his 
observations  on  the  development  of  the  electric  industries  in  North  America.  The  sub- 
ject is  considered  under  the  headings:  Electric  traction  on  metropolitan  lines  and 
tramways  and  on  railways;  electric  lighting;  workshops  of  construction;  transmission 
of  energy;  electro-chemistry;  accumulators;  some  applications;  electrical  instruction; 
conclusion. 

TEMPERATURE  COEFFICIENTS  OF  "CONDUCTIVITY"  COPPER. 

By  Clark,  Forde  &  Taylor.  Roan,  8x5  ins.,  15  pp.  London, 
Waterlow  &  Sons,  Limited.     1899. 

This  pamphlet  is  the  result  of  a  series  of  observations  by  the  potentiometer  method 
on  six  samples  of  copper  wire  at  five  or  six  different  temperatures.  The  formula 
deduced  is  accompanied  by  a  diagram  and  three  tables  to  facilitate  its  use. 


Affairs.]  NEW   BOOKS   OF  THE   MONTH.  175 

MECHANICS. 

The  Elementary  Principles  of  Mechanics.  By  A.  Jay  Du  Bois. 
Cloth,  9x6  ins.,  3  Vols.  New  York,  John  Wiley  &  Sons,  1894^95. 
$11.00.     (Donated  by  the  Author  and  the  Publishers.) 

The  author  designs  this  as  a  text  book  for  technical  schools.  Articles  for  advanced 
students  are  in  small  type.  Articles  containing  applications  of  the  calculus  are  enclosed 
in  brackets.  The  matter  in  large  type  by  itself  constitutes  an  abridged  course.  The 
contents  are:  Volume  1,  Kinematics;  Volume  2,  Statics;  Volume  3,  Kinetics.  Each 
volume  is  furnished  with  an  index. 


HANDBOOK  OF   ENGINE  AND[];BOILER  TRIALS 

And  of  the  Indicator  and  Prony  Brake;  for  Engineers  and  Technical 
Schools.  Bv  R.  H.  Thurston,  Fourth  and  Revised  Edition.  Cloth, 
9x6  ins.,  604  pp.,  illus.  New  York,  John  Wiley  &  Sons,  1897. 
$5.00.     (Donated  by  the  Author.) 

The  author  endeavors  to  present  those  methods  of  trial  of  heat-engines  which 
have  become  standard;  to  exhibit  the  processes  of  their  application;  to  describe  the 
best  form  of  apparatus  used  to  date  in  conducting  them,  and  in  securing  the  data 
sought;  to  illustrate  their  use  and  their  various  capabilities;  and  to  present  examples 
of  the  reports  made  by  distinguished  engineers  on  work  of  this  character. 

TABLES  FROM  THURSTON'S  STEAM=ENGINE;  MANUAL. 

Handy  Tables,  from  Thurston's  Steam-Engine  Manual,  for  Use  in 
Laboratory  Computations  in  Technical  Schools;  Numerical  Trigono- 
metrical and  Thermodynamic  Quantities,  Steam  and  Horse-Power 
Tables,  and  Record-Forms  for  Laboratory  Use.  By  R.  H.  Thurston. 
Cloth,  9x6  ins.,  69  pp.  New  York,  John  Wiley  &  Sons,  1891.  $1.50. 
(Donated  by  the  Author. ) 

The  contents  are:  Numerical  Constants,  Circles,  Areas,  etc.;  Logarithms,  Common 
and  Natural:  Mean  Pressure  Ratios;  Terminal  Pressures;  Heat  Transfer  and  Trans- 
formation; Comparison  of  Thermometers;  Volumes  of  Water;  Densities;  Metric  Steam 
Table:  Metric  Steam  and  Work  Table;  Steam  Table,  British  Units;  Stored  Energy  in  Steam 
and  Water;  Formulas  for  Properties  of  Steam:  Factors  of  Evaporation;  Composition  of 
Fuels;  Horse-Power  Constants;  Real  Ratios  of  Expansion;  Logs  and  Forms  for  Blanks; 
Electrical  Horse-Power;  Water  Computation  Tables;  Hirn's  Analysis  Blanks;  Heat  and 
Power  Utilization,  Non-condensing  Engine. 

LES  MOTEURS  LEGERS 

Applicables  a  l'lndustrie  aux  Cycles  et  Automobiles,  a  la  Navigation 
a  l'Aeronautique,  a  l'Aviation,  etc.  By  H.  de  Graffigny.  Paper,  10  x 
6Hns.,  335  pp.,  illus.     Paris,  E.  Bernard  et  Cie.     10  francs. 

This  book  on  light  motors  has  for  its  object  the  presentation  of  a  resume  of  all  that 
has  been  proposed  by  inventors  and  accomplished  by  mechanics  in  order  to  show  iu 
limited  space  the  value  and  importance  of  the  several  forms  of  motor  mechanism  and 
the  various  power  generators  used  therewith.  Steam,  petroleum  and  electricity  as 
motive  powers  are  presented  in  turn.  The  chapter  headings  are:  Les  Uenerateurs  a 
Vapeur;  Les  Nouveaux  Moteurs  a  Vapeur  a  Pistons;  Machines  a  Vapeur  Rotatives 
et  Turbo-Moteurs;  Moteurs  a  Gaz,  aPetrole  eta  Benzine;  Les  Carburateurs;  Les  Moteurs 
a  Pitrole  Industriels;  Les  Moteurs  d'Automobiles;  Les  Petits  Moteurs  a  Essence  de 
Petrole  pour  Motocycles;  Les  Moteurs  Rotatifs  a  Pfitrole;  LesGenerateursd'Electricite; 
Les  Moteurs  Electriques:  Moteurs  Divers.  There  is  an  appendix  of  eleven  pages  of 
various  tables  of  capacities  and  an  index  of  seven  pages. 

MOTIVE  POWER  OF  HEAT. 

Reflections  on  the  Motive  Power  of  Heat,  from  the  Original  French 
of  N.  L.  S.  Carnot;  accompanied  bv  an  Account  of  Carnot's  Theory, 
by  Sir  William  Thomson  (Lord  Kelvin).     Edited  by  R.  H.  Thurston. 
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Second,  Revised,  Edition.     Cloth,  8x5  ins.,  262  pp.     New  York,  John 
Wiley  &  Sons,  1897.     82.00.     (Donated  by  the  Editor.) 

The  preface  states  that  the  present  translation  of  C'arnot* s  work  is  published  only  as 
a  matter  of  limited  but  most  intense  scientific  interest,  as  the  work  itself  has  been  long 
out  of  date  as  a  scientific  authority.  The  purpose  is  to  make  it  accessible  to  all  who 
desire  to  study  it  in  English,  and  preserve  a  permanent  memorial  to  the  founder  of 
thermodynamics.  The  contents  are:  The  Work  of  N.  L.  Sali  Carnot.  bv  the  Editor: 
The  Life  of  N.  L.  Sadi  Carnot.  by  H.  Carnot:  Reflections  on  the  Motive  Power  of  Heat 
and  on  Machines  Fitted  to  Develop  that  Power,  by  X.  L.  Sadi  Carnot:  Account  of  Car- 
nofs  Theorv.  by  Sir  William  Thomson  'Lord  Kelvin  i:  Appendix— Extracts  from  Un- 
published Writings  of  Carnot:  Carnot's  Foot-Notes.  Note  bv  the  Editor. 


ENERGY   AND   HEAT. 

Supplement  to  Energy  and  Heat.  The  Thermometric  Scale.  Com- 
bustion— A  Theory.  By  John  Eoger.  Paper,  7  x  4f  ins.,  17  pp.,  one 
diagram.     New  York,  Spon  &  Chamberlain.     25  cents. 

This  pamphlet  comprises  two  studies:  one  suggests  a  thermometric  scale  which  will 
by  each  degree  indicate  the  same  amount  of  heat  in  a  body  of  uniform  volume  and  the 
other  presents  a  theoretical  consideration  of  the  phenomena  of  heat. 


WASTE  OF  ENERGY  BY    FRICTION. 

A  Treatise  on  Friction  and  Lost  Work  in  Machinery  and  Millwork. 
Bv  Robert  H.  Thurston.  Sixth  Edition.  Cloth,  9x'6ins.,  380  pp., 
illus.  New  York,  John  Wiley  &  Sons,  1898.  83.00.  (Donated  by  the 
Author. ) 

The  work  is  the  result  of  a  series  of  investigations  exhibiting  concisely  the  princi- 
ples involved  in  the  transmission  of  power  and  the  performance  of  work,  and  in  the 
waste  of  power  by  friction.  The  last  chapter,  which  treats  of  the  real  value  of  lubri- 
cants, contains  a  development  of  principles  given  in  an  earlier  work  but  here  worked 
out  into  a  consistent  algebraic  theory:  with  illustrations  of  its  practical  application. 
The  contents  are:  Theory  of  Machinery — Its  Action  and  Its  Efficiency:  Nature  Laws,  and 
Theory  of  Friction:  Lubricants:  Lubrication— Apparatus:  Chemical  and  Physical  Tests 
of  Oils:  Experiments  on  Friction — Testing  Machines:  Lubricated  Surfaces — Coefficients 
of  Friction — Modifying  Conditions:  The  Finance  of  Lost  Work  of  Friction. 


A    TEXT  BOOK   ON  ROADS   AND   PAVEMENTS. 

By  Fred.  P.  Spalding.  M.  Am.  Soc.  C.  E.  Cloth,  7|x5ins.,  213 
pp.,  illns.     New  York,  John  Wiley  &  Sons.     82.00. 

The  aim  of  the  author  of  this  book  is  to  give  a  brief  discussion,  from  an  engineering 
standpoint,  of  the  principles  involved  in  highway  work,  and  to  outline  the  more  import- 
ant systems  of  construction,  with  a  view  to  forming:  a  text  which  may  serve  as  a  basis 
for  a  systematic  study  of  the  subject.  The  chapter  headings  are:  General  Considera- 
tions: Drainage  of  Streets  and  Roads;  Location  of  Country  Roads:  Improvement  of 
Country  Roads:  Broken-Stone  Roads:  Foundations  for  Pavements:  Brick  Pavements; 
Asphalt  Pavements;  Wood  Pavements:  Stone-Block  Pavements;  City  Streets. 


VITRIFIED  BRICK  FOR  STREET  PAVEMENTS. 

A  Description  of  its  Manufacture  and  Some  Notes  on  its  Use.  By 
Frederic  A.  Kummer,  Jun.  Am.  Soc.  C.  E.  Cloth,  8x5  in,  46  pp. 
Catskill,  N  Y.,  1899.     (Donated  by  the  Author.) 

In  presenting  this  work,  the  author  desires  to  point  out  concisely  and  clearly  the 
advantages  of  brick  as  a  street  paving  material.  The  contents  are  :*  Composition  of 
Paving  Brick:  Paving  Materials:  The  Selection  of  Paving  Brick;  Laying  the  Brick— The 
Foundations.  The  Joints:  Specifications  for  Laying  Brick. 
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THE  ELEMENTS  OF  RAILROAD1NO. 

By  Charles  Paine.  Cloth,  7f  x  5  ins.,  154  pp.  New  York.  The 
Railroad  Gazette.     $1.00.     (Donated  by  the  Author.) 

This  is  a  series  of  short  essays  reprinted  from  The  Railroad  Gazette,  and  dealing  with 
various  hranches  of  the  subjectfrom  the  organization  of  the  engineering  party  for  the 
survey  of  a  new  road  to  the  operation  of  the  finished  line  and  the  selection  and  discipline 
of  employees.  Chapter  headings  are  :  Surveying  and  Construction;  Real  Estate  and 
Records:  Drainage:  Main  Track;  Trackmen  and  Sidings:  Stations:  Shops  and  Engine 
Houses:  Telegraph  Lines  and  Fences:  Locomotives:  Cars:  The  Movement  of  Freight:  The 
Movement  of  Passengers;  Employees. 

THE  RAILWAY  TRANSITION  SPIRAL. 

By  Arthur  N.  Talbot,  M.  Am.  Soc.  C.  E.  Paper,  6£  x  4  ins.,  61  pp., 
illus.  Published  by  the  Author.  University  of  Illinois.  Champaign  or 
Urbana,  111. 

This  article  was  originally  published  in  The  Technoaraph  for  1890-91.  The  adoption 
of  the  method  described  on  many  railroads  and  the  demands  for  the  original  issue.  now 
out  of  print,  led  to  this  republication  with  modifications  and  extensions.  It  is  aimed  to 
so  treat  the  principles  involved  that  a  knowledge  of  the  demonstrations  of  the  formulas 
is  not  essential  to  their  comprehension,  and  the  methods  used  in  laying  out  the  spiral  are 
designed  to  be  mastered  by  instrument  men  without  difficulty.  There  are  11  pages  of 
tables. 

RAILWAY    TRACK    AND    TRACK    WORK. 

By  E.  E.  Russell  Tratman,  Assoc.  M.  Am.  Soc.  C.  E.     Cloth,  9x6 

ins.,  100  pp.,  illus.      New  York,   The  Engineering  News  Publishing 

Company.     §3.00.     (Donated  by  the  Author. ) 

This  book  is  intended  to  treat  the  subjects  of  Track  and  Track  Work,  into  -which  two 
parts  it  is  divided,  in  a  comprehensive  manner.  It  includes  not  only  systems  every- 
where applicable  and  the  general  principles  underlying  track  work,  but  also  numerous 
details  of  material,  appliances  and  work  and  varying  methods  of  practice,  intended  to 
be  fully  representative  of  standards  on  different  roads  in  all  parts  of  the  country.  The 
various  subjects  are  treated,  not  only  in  a  descriptive,  but  also  in  a  critical,  manner. 
There  are  25  chapters,  over  200  illustrations,  appendixes  giving  tables  of  standard  track 
construction  on  50  railways  and  of  train  speeds  and  distances  run,  and  an  index  of  four 
pages. 

EARTHWORK  MEASUREMENT. 

Diagrams  for  the  Graphic   Calculation  of   Earthwork  Quantities. 

By  Alfred  Henry  Roberts.   C.  E.      Leather  board  case,  flaps,  11?,  x  9 

ins.,  5  pp.,  10  cardboard  diagram  plates.      London.  Robt.  J.  Cook  & 

Hammond.     (Donated  by  the  Author. ) 

These  diagrams  have  been  prepared  with  the  object  of  enabling  engineers,  con- 
tractors and  others  to  arrive  at  fairly  accurate  estimates  of  earthwork  quantities:  il» 
When  no  cross-sections  are  available,  or.  (2)  When  it  is  desirable  to  obtain  quantities 
rapidly  without  the  slow  process  of  taking  out  the  area  of  each  cross-section  and  of 
multiplying  out  each  item.  Of  the  ten  diagram  plates  three  are  applicable  to  level 
cuttings  at  depths  varving  f  rom  0  to  60  feet  and  seven  to  sidelong  ground  for  widths 
varying  from  15  to  30  feet.  The  diagrams  are  intended  to  be  suitable  not  only  for  rail- 
way cuttings,  but  for  any  straightforward  excavation,  such  as  canals,  stream 
diversions,  pipe  trenches,  railway  widenings.  docks,  etc. 

THE  SEWERAGE  ENGINEER'S  NOTE  BOOK. 

Being  Standard  Notes  on  Sewer  Formulas  and  Sewerage  Calcula- 
tions. By  Albert  ^Yollheim.  A.  M.  Inst.  C.  E.  Boards.  6\  x  1| 
inches.  110  pp.,  illus.  London,  The  St.  Bride's  Press,  Limited. 
2  shillings  and  6  pence. 

To  the  notes  and  data  originally  collected  and  compiled  by  the  author  for  his  own 
use  other  tables  and  27  diagrams'have  been  added.  The  publication  is  intended  as 
a  handy  book  for  the  sewerage  engineer,  the  assistant  and  student.  It  is  in  five  parts, 
each  followed  by  blank  pages  for  memoranda  by  the  reader,  and  most  of  the  tables  are 
grouped  in  the  appendix,  which  occupies  75  pages. 
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EXAMINATIONS  IN  SANITARY  SCIENCE. 

By  Ernest  E.  Matthews.  Boards,  6i  x  4£  inches.  44  pp.,  illus, 
London,  The  St.  Bride's  Press,  Limited.     6  pence. 

These  are  questions  set  at  the  examinations  of  the  Sanitary  Institute,  the  Surveyors' 
Institution,  the  Incorporated  Institution  of  Municipal  and  County  Engineers,  etc.,  with 
numerous  conditions  and  suggestive  answers,  and  are  intended  to  he  of  service  chiefly 
to  students  who  are  preparing  for  such  examinations. 

HOUSE    DRAINAGE: 

Its  Inspection    and   Testing.      By   Bichard   J.    Jenkins.      Boards, 

6j  x  4}  ins.,  43  pp.,  illus.      London,  The  St.   Bride's  Press,  Limited. 

1  shilling. 

In  this  book  the  author  has  endeavored  to  point  out  in  a  concise  form  the  most  im- 
portant principles  of  the  construction  of  drains,  and  to  describe  the  various  methods  of 
testing.  Appendixes  treat  of  the  size,  inclination,  ventilation  and  planning  of  house 
drains. 

FLOW    OF    SEWAGE. 

By  John  P.  Dalton.  Card  board,  6|  x  4|  ins.,  4  pp.  London,  The 
St.  Bride's  Press,  Limited.     6  pence. 

On  this  card  there  is  reprinted,  from  The  Surveyor  and  Municipal  and  County  Engi- 
neer, formulas  for  circular  and  egg-shaped  sewers,  together  with  tabular  numbers  and 
their  logarithms  for  sewers  of  both  forms  running  from  one-quarter  full  to  full,  and  also 
the  fifth  powers  and  logarithms  of  d  or  r. 

CIRCULAR  SEWER  DISCHARGES. 

Table  of  Discharge  from  Circular  Sewers  when  Punning  Full,  in 
Cubic  Feet  per  Minute.  By  A  Municipal  Engineer.  Boards,  4£  x 
3£  inches.     39  pp.     London,  The  St.  Bride's  Press,  Limited. 

This  little  pocket-book  has  been  compiled  to  aid  a  municipal  engineer  in  preparing 
sewerage  schemes  and  in  estimating  the  efficiency  of  existing  sewers.  Besides  giving  the 
size  and  inclination  of  sewer  necessary  to  take  a  given  amount  of  sewage  per  minute,  it 
indicates  the  least  fall  which  may  safely  be  given  to  a  sewer  of  a  certain  size  to  induce  a 
self -cleansing  velocity  of  flow,  by  omitting  all  figures  below  that  limit. 

SEWAGE  DISPOSAL. 

Description  of  Various  Sewage  Disposal  Works.  A  Report  prepared 
by  R.  O.  Wynne  Roberts,  Am.  Inst.  C.  E.  Boards,  6.V  x  4|  inches.  105 
pp.,  illus.     London,  The  St.  Bride's  Press,  Limited.     1  shilling. 

This  is  the  substance  of  a  report  made  to  the  Oswestry  Town  Council  upon  repre- 
sentative sewage  disposal  works.  The  systems  described  embrace  discharge  into  the 
sea  or  a  tidal  river,  land  irrigation  with  crude  sewage  and  with  crude  sewage  after 
partial  separation  of  the  sludge,  chemical  clarification  and  land  irrigation,  chemical 
clarification  and  artificial  filters,  electrical  treatment,  biological  treatment  and  the 
septic  tank  system.  Tables  of  cost,  efficiency  and  expense  of  operations  are  appended 
in  some  cases. 

SEWAGE  DISPOSAL. 

A  Discussion  of  the  Prevailing  Theories  and  Practices  Relating  to 
Sewage  Disposal.  Bv  Wynkoop  Kiersted,  M.  Am.  Soc.  C.  E.  Cloth, 
7-1  x  5  ins.,  182  pp.  New  York,  John  Wiley  &  Sons.  $1.25.  (Donated 
by  the  Author. ) 

Nature,  says  the  author  in  his  preface,  gives  conclusive  evidence  of  the  existence  of 
a  natural  process  of  purification  of  polluted  waters,  of  such  a  character  that  it  can  be 
utilized  in  the  purification  of  sewage.  The  author's  aim  in  this  book  is  to  set  forth  this 
natural  process  of  purification,  which  with  the  present  methods  of  sewerage  and  drainage 
must  become  the  foundation  of  any  successful  method  of  sewage  disposal,  and  to  treat 
the  various  considerations  embraced  in  questions  of  sewage  disposal  in  a  simple  and 
practical  manner.    There  is  an  index  of  eight  pages. 
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CHIMNEY  DESIGN  AND  THEORY. 

A  Book  for  Engineers  and  Architects.  By  William  Wallace 
Christie.  Cloth,  9x6  ins. ,  164  pp.,  illus.  New  York,  D.  Van  Nostrand 
Company.    $3.00. 

This  work  is  intended  to  present  the  latest  practice  in  regard  to  the  theory  and 
designing  of  chimneys  as  built  in  the  United  States.  The  contents  are:  Introduction 
and  History;  Theory  of  Chimney  Draft;  Chimney  Formulas;  Chimney  Tables,  Wind- 
Pressure,  Air-Space  in  Grates;  Foundation  Materials,  Brick  Chimney  Materials;  Steel 
Chimneys— Theory  pertaining  to  same,  and  Examples  from  Existing  Structures;  Brick 
Chimneys — Theory  pertaining  to  same,  and  Examples  from  Existing  Structures;  Chim- 
ney Performances— Special  Types;  Straightening  Chimneys— Flues;  House  Chimneys; 
Lightning  Protection;  General  Information. 


THE  HOUSING  OF  THE  LABORING  CLASSES 

And  Back-to-Back  Houses.  By  H.  Percy  Boulnois,  M.  Inst.  C.  E., 
City  Engineer  of  Liverpool.  Boards,  6i  x  4£  inches,  46  pp.,  illus. 
London,  The  St.  Bride's  Press,  Limited.     1  shilling. 

This  book  endeavors  to  show  what  has  been  done  to  meet  the  want  of  suitable 
housing  for  the  very  poor  or  laboring  classes  of  large  cities,  and  to  give  some  sugges- 
tions as  to  the  description  of  house  which  is  required.  The  illustrations  include  sketch 
plans  of  dwellings  in  English  and  continental  cities  as  well  as  suggested  arrangements 
for  such  premises. 

PARTY  STRUCTURES. 

London  Building  Act,  1894.  Part  VIII.  By  Sydney  Perks. 
Boards,  6h  x  4|  inches.  63  pp.,  illus.  London,  The  St.  Bride's 
Press,  Limited.     1  shilling. 

This  work,  which  is  intended  to  be  of  use  to  architects  and  surveyors,  is  confined  to 
a  consideration  of  the  15  out  of  218  sections  of  the  London  Building  Act  which  have 
reference  to  party  walls. 

THE  TOPOGRAPHER, 

His  Instruments  and  Methods;  Designed  for  the  Use  of  Students, 
Amateur  Topographers,  Surveyors,  Engineers,  and  All  Persons  Inter- 
ested in  the  Location  and  Construction  of  Works  based  upon  Topog- 
raphy. By  Lewis  M.  Haupt,  M.  Am.  Soc.  C.  E.  Cloth,  9x6  ins. , 
247  pp.,  illus.  Philadelphia,  Henry  Carey  Baird  &  Co.,  1883.  $4.00. 
(Donated  by  the  Author.) 

It  has  been  the  author's  aim  to  prepare  a  compact  manual  of  practical  value  to  the 
topographer,  freed  from  all  information  so  readily  obtainable  from  ordinary  sources, 
and  containing,  in  condensed  form,  a  complete  course  for  the  guidance  of  the  amateur. 
The  contents  are:  What  and  How  to  Observe;  The  Instrumental  Outfit;  Scales  of  Maps; 
Forms  of  Record;  Graphical  Representations;  Reconnaissance,  Linear;  Instruments  and 
Methods ;  On  Determining  a  True  Meridian ;  Leveling;  Surveying  and  Filling  In; 
Hydrography;  Submerged  Topography;  Computations ;  Modeling ;  Field  Sketching  ; 
Applications. 

ENGINEERS'  SURVEYING  INSTRUMENTS. 

Their  Construction,  Adjustment  and  Use.  By  Ira  O.  Baker, 
M.  Am.  Soc.  C.  E.  Second  Edition,  Bevised  and  Enlarged.  New 
York,  John  Wiley  &  Sons,  1897.  $3.00.  (Donated  by  the  Author  and 
the  Publishers. ) 

The  object  of  this  volume  is  to  acquaint  the  student  with  the  construction,  adjust- 
ment and  use  of  surveying  instruments.  It  is  not  intended  as  a  treatise  on  surveying. 
The  contents  are:  Chain  and  Tape;  Tripod,  Leveling  Screws,  and  Plumb-Bob;  Magnetic 
Compass;  Solar  Compass;  Verniers;  Optical  Parts  of  the  Telescope;  The  Transit;  Solar 
Transit;  Plane  Table;  Telemeters;  Spirit  Levels;  Barometers. 
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HYDRAULIC  ENGINEERING. 

A  Practical  Treatise  on  Hydraulic  and  Water-Supply  Engineering 
Relating  to  the  Hydrology,  Hydrodynamics  and  Practical  Construction 
of  Water-Works  in  North  America.  By  J.  T.  Fanning,  M.  Am.  Soc. 
C.  E.  Fourteenth  Edition,  revised,  enlarged,  and  new  tables  and 
illustrations  added.  Cloth,  9x6  ins.,  644  pp.,  illus.  New  York,  D. 
Van  Nostrand  Company.     $5.00.     (Donated  by  the  Author). 

This  book  aims  to  supply  water  commissioners  with  a  general  review  of  the  best 
methods  practiced  in  supplying  cities  and  towns  with  water,  and  with  facts  and  sugges- 
tions that  will  enable  them  to  compare  intelligently  the  merits  and  objectionable  features 
of  the  different  potable  water  sources  within  their  reach;  to  present  to  junior  and 
assistant  hydraulic  engineers  a  condensed  summary  of  those  elementary  theoretical 
principles  and  the  involved  formulas  adapted  to  modern  practice,  which  they  will 
frequently  have  to  apply;  to  construct  and  gather,  for  the  convenience  of  older  practi- 
tioners numerous  tables  and  statistics  that  will  facilitate  their  calculations  and  to 
present  to  civil  engineers  generally  a  concise  reference  manual  of  the  water-supply 
branch  of  their  profession.  The  work  is  intended  more  especially  for  those  who  have 
already  had  a  task  assigned  them,  and  it  is  designedly  practical  in  text,  illustration  and 
arrangement.  In  the  later  editions  some  revised  and  some  new  tables  and  formulas 
have  been  added.  There  are  twenty-six  chapters,  150  tables,  245  illustrations,  23  pages 
of  appendixes  of  engineering  data  and  11  pages  of  index. 

RETAINING  WALLS  FOR  EARTH. 

Including  the  Theory  of    Earth-Pressure  as  Developed  from  the 

Ellipse  of  Stress,  with  a  short  Treatise  on  Foundations,  Illustrated 

with  Examples  from  Practice.     By  Malverd  A.  Howe,  M.  Am.   Soc.  C. 

E.     Third  Edition,  Revised  and  Enlarged.     Cloth,  7i  x  5  ins.,  132  pp., 

illus.      New  York,   John  Wiley   &   Sons.      $1.25.     (Donated   by  the 

Author. ) 

In  this  work  an  attempt  has  been  made  to  present  the  theory  in  a  shape  easily 
followed  by  those  who  have  only  a  knowledge  of  algebra,  geometry  and  trigonometry. 
In  this  edition  a  number  of  examples  illustrating  profiles  of  retaining  walls  and  types  of 
foundations  selected  from  existing  structures  have  been  included.  The  treatise  on 
foundations  is  intended  to  be  sufficiently  complete  for  the  use  of  technical  schools,  if 
supplemented  by  lectures  or  by  reference  to  descriptions  of  existing  structures.  The 
book  is  divided  into:  Theory  of  Earth-Pressure;  Formulas  for  Earth-Pressure;  Stability 
of  Trapezoidal  Walls;  Formulas  for  Trapezoidal  and  Triangular  Walls;  Foundations  for 
Walls  Retaining  Earth;  Examples:  Foundations;  Foundations  Under  Water  and  Deep 
Foundations.     There  is  a  list  of  references  and  26  pages  of  tables. 

MATERIALS  OF  CONSTRUCTION. 

A  Text-Book  of  the  Materials  of  Construction,  For  Use  In  Technical 
and  Engineering  Schools.  By  Robert  H.  Thurston.  Fifth  Edition. 
Cloth,  9x6  ins.,  765  pp.  New  York,  John  Wiley  &  Sons,  1895.  $5.00. 
(Donated  by  the  Author. ) 

This  volume  is  an  abridgment  of  the  larger  work  of  the  author,  "  Materials  of  Engi- 
neering." It  is  intended  as  a  text-book  for  use  in  private  reading.  The  essential 
parts  of  the  earlier  treatise  have  been  retained.  The  contents  are:  Qualities  of  the 
Metals;  Iron  and  Its  Ores;  Reduction  of  Ores;  Production  of  Cast  Iron;  Manufacture  of 
Wrought  Iron;  Manufacture  of  Steel;  Chemical  and  Physical  Properties  of  Iron  and 
Steel;  The  Non-Ferrous  Metals;  The  Bronzes;  The  Brasses;  Kalchoids  and  Miscellaneous 
Alloys;  Strength,  Elasticity  and  Ductility  of  Metals;  Stones  and  Cements;  Timber: 
Strength  and  Uses  of  Timber;  Miscellaneous  Materials.    There  is  an  index  of  67  pages. 

TESTING    OF    PORTLAND    CEMENT 

For  Smaller  Municipal  Works.  By  H.  H.  Humphreys,  A.  M.  Inst.  C. 
E.  Boards,  6i  x  4^  ins.,  16  pp.  London,  The  St.  Bride's  Press,  Lim- 
ited.    1  shilling. 

This  paper  has  been  republished  from  The  Surveyor  and  Municipal  and  County 
Engineer  with  the  hope  that  it  may  afford  practical  help  to  young  engineers  in  charge 
of  construction  work.  A  diagram  of  average  tests  of  two  makes  of  English  Portland 
cements  is  included  in  a  folding  plate. 
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A  PRIMER  OF  THE  CALCULUS. 

By  E.  Sherman  Gould,  M.  Am.  Soc.  C.  E.  Second  Edition,  Bevised 
and  Enlarged.'  Boards,  6x4  ins.,  122  pp.,  24  folding  plates.  New 
York,  D.  Van  Nostrand  Company.     50  cents. 

This  work,  which  is  No.  112  in  the  Van  Nostrand  Science  Series,  is  a  development  of 
the  infinitesimal  calculus  as  far  as  the  first  differentials  of  algehraic  functions  of  one 
independent  variable  and  their  corresponding  integrals.  It  has  been  endeavored  to 
teach  a  few  elementary  rules  and  then  put  them  into  immediate  use.  In  the  second 
edition,  a  number  of  practical  applications  of  elementary  calculus  have  been  included  in 
an  additional  chapter. 

TABLES  AND  DATA. 

For  the  Use  of  Students  in  Laboratories;  also  for  Class  and  Home 
Work.  By  W.  W.  E.  Pullen,  Assoc.  M.  Inst.  C.  E.  Cloth,  9x6  ins., 
87  pp.,  il'lus.  Manchester,  Eng.,  The  Scientific  Publishing  Co.  4 
shillings. 

This  collection  of  tables  and  data  for  the  mechanical  engineer  was  made  primarily 
to  supply  a  want  experienced  in  engineering  laboratory  work,  and  is  intended  to  contain 
only  that  information  which  would  be  likely  to  be  of  use  to  the  engineering  student. 
The  general  steam  table  is  carried  by  pound  increments  to  300  pounds  per  square  inch. 
The  tables  and  diagrams  are  supplemented  by  a  series  of  mathematical  notes  inserted 
"  to  aid  in  filling  the  gap  which  fickle  memory  is  so  prone  to  provide." 

METRICAL    TABLES    FOR    ENGINEERS, 

Surveyors,  Chemists,  Merchants,  etc.  By  Frederic  Elie  Gay. 
Boards,  6}  x  4^  ins.,  56  pp.  London,  The  St.  Bride's  Press,  Limited. 
2  shillings. 

This  compilation  was  prepared  to  supply  the  want  of  a  concise  and  portable  series 
of  tables  which  would  transpose  into  English  equivalents  the  values  met  with  in  French 
and  Continental  technical  works.  There  are  192  tables  included,  most  of  them  on  the 
reciprocal  basis,  and  all  founded  on  the  standards  of  the  Weights  and  Measures  Act  of 
1878.  The  tabular  numbers  have  been  carried  in  some  instances  to  twelve  decimal  places 
in  order  that,  when  necessary,  accurate  results  may  be  arrived  at. 

A  FRENCH=ENGLISH  TECHNICAL  DICTIONARY. 

Dictionnaire  Technique  Fran^ais-Anglais  des  Outils  et  Utensiles 
Employes  dans  les  Metiers  Manuels,  la  Petite  Industrie,  le  Menage, 
etc.,  suivi  d'un  Index  Anglais-Frangais.  By  A.  S.  Lovendal.  Paper, 
7£  x  4^-ins.,  158  pp.     Paris,  Boyveau  et  Chevillet.     3  francs. 

This  dictionary  gives  the  common  names  in  French  and  English  of  a  number  of 
tools  used  in  the  manual  industries  and  is  intended  to  include  words  not  found  in 
technical  dictionaries  heretofore  published.  The  definitions  are  classified  under  thirty- 
eight  heads  referring  to  the  kind  of  tools  or  to  the  industry  in  which  they  are  used, 
and  an  English  index  is  added. 

COMMERCIAL  MANAGEMENT 

Of  Engineering  Works.  By  Francis  G.  Burton.  Cloth,  9x6  ins. , 
310  pp.  Manchester,  Eng.,  The  Scientific  Publishing  Company.  12 
shillings  6  pence. 

This  treatise  is  designed  to  suggest  to  the  youthful  engineer  the  difficulties  he  will 
encounter  whenever  commercial  duties  are  thrust  upon  him,  and  to  outline  measures 
which  may  assist  him,  without  laying  down  any  absolute  rules  to  be  adhered  to  under 
all  circumstances.  The  organization  of  works  and  duties  of  officers,  purchase  and 
inspection  of  material,  cost  accounts,  sales  department,  estimates,  and  the  works-man- 
ager and  dealings  with  workpeople  are  all  taken  up  in  turn,  and  the  endeavor  has  been 
made  in  the  suggestions  offered  to  allow  sufficient  elasticity  for  most  establishments  of 
moderate  size  and  for  ordinary  engineering  undertakings.  There  is  an  index  of  12 
pages. 
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RENSSELAER    POLYTECHNIC    INSTITUTE. 

Biographical  Record  of  the  Officers  and  Graduates  of  the  Rensselaer 
Polytechnic  Institute,  1824-1886.  Edited  by  Henry  B.  Nason,  Secre- 
tary of  the  Association  of  Graduates,  with  an  introduction  by  Benjamin 
H.  Hall.  Cloth,  9  x  6  ins.,  614  pp.,  illus.  Troy,  N.  Y.,  William  H. 
Young,  1887.     $2.00.     (Donated  by  the  Institute.) 

This  record  was  authorized  hy  the  Association  of  Graduates  in  1873  and  the  biog- 
raphies cover  the  historical  facts  available  referring  to  the  classes  of  62  years.  The 
book  contains  a  historical  sketch  of  the  Institute,  a  biography  of  the  Hon.  Stephen  Van 
Rensselaer,  lists  and  records  of  officers,  trustees,  professors  and  instructors,  and  records 
of  graduates.  In  the  biographical  sketches  an  effort  has  been  made  to  state  facts  con- 
cisely, without  comment.  A  catalogue  of  non-graduates  follows  the  biographical 
records,  showing  that  the  Institute  has  been  useful  to  many  who  did  not  complete  the 
course.  There  is  a  general  index  of  ten  pages  and  a  separate  index  to  the  catalogue  of 
non-graduates. 
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MEMBERSHIP. 


ADDITIONS. 

MEMBEES.  Date  ^ 

Bisbee,  Feed  Milton  Membership. 

Supt.,  Track,  Bridges  and  Buildings,  St.  Louis  and  San 

Francisco  R.  R.  Co.,  Springfield,  Mo .     May     3,  1899 

Bond,  Frederick  Winn 

1806a  California  Ave.,  St.  Louis,  Mo Dec.     7,  1898 

Bbown,  Linus  Weed 

Chf.  Eng.,  National  Contracting  Co.,  713  Hennen  Bldg., 

New  Orleans,  La June     7,  1899 

Brown,  Ralph  Henry 

Chf.  Eng.,   Boston  Bridge  Works,   9  Tenney  St.,  Cam- 
bridge, Mass June    7,  1899 

Churchill,  John  Charles,  Jr. 

U.  S.  Asst.  Engr.,  Oswego,  Oswego  Co.,  N.  Y Feb.     1,  1899 

Coffin,  Thomas  Amort 

11  Taylor  St.,  West  New  Brighton,  Staten  Island,  J  Jun'     0ct-      2'  1894 
N   Y  |  M-        Feb-    1.   1899 

Frank,  George  William 

Care  of  J.  G.  White  &  Co.,   29   Broadway,    New  York 

City Feb.     1,  1899 

Gillette,  Lewis  Singer 

Prest.,  Gillette-Herzog  Mfg.  Co.,  Minneapolis,  Minn.  .     June    7,   1899 
Griffin,  Eugene 

44  Broad  St.,  New  York  City June    7,  1899 

Harteick,  Edward  Macaulay 

U.  S.  Asst.  Eng.,  Galveston,  Texas Feb.     1,  1899 

Hill,  George  i  Assoc.  M.     Oct.     4,  1893 

Architect,  150  Fifth  Ave.,  New  York  City. . .  |  M.  Feb.     1,  1899 

Hlmes,   Albert  James  r 

Asst.  Eng.,  U.  S.  Board  of  Engrs.  on  Deep  J   Assoc. M.     Nov.     6,  1895 
Waterways,    34  West   Congress  St.,  De-  "j   M.  June     7,  1899 

troit,  Mich [ 

Hutchings,  William  Evelyn 

Asst.  Eng.,  Chf.  Engr.'s  Office,  Louisville  and  Nashville 

R.  R.,  1578  Barrett  Ave.,  Louisville,  Ky June    7,1899 

Myees,  Edmund  Teowbeidge  Dana,  Jr.  j  Jun.     May     2,  1888 

1103  Grove  Ave.,  Richmond,  Va 1  M.        June    7,   1899 

Parker,  Harold 

Clinton,    Mass  June    7,  1899 

Pereilliat,  Arsene  / 

Asst.  State  Engr.,  Member,  State  Board  of  J  As80C-  M>     Jun'    !'  !^ 
Engineers,  New  Orleans,  La (  M*  Apnl    5'  18J9 
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Date  of 
Ross,  Douglas  William  Membership. 

State  Engineer,  Boise,  Idaho Mar.  1,  1899 

Rust,  Charles  Henry 

City  Engineer,  Toronto,  Ont.,  Canada. ...    April    5,  1899 

Stanton,  Frank  McMillan 

Atlantic  Mine,  Houghton  Co.,  Mich Feb.     1,  1899 

Stuart,  Francis  Lee 

Asst.  Eng.,  Nicaragua  Canal  Comrn.,   1515  Thirty-first 

St.,  Washington,  D.  C May     3,1899 

Thompson,  Ellis  Dunn 

Prin.  Asst.  Eng.,  U.  S.  Engr's.  Office,  815  Witherspoon 
Bldg.,  Philadelphia,  Pa Feb.     1,   1899 

ASSOCIATE     members. 
Albertson,  Charles  i 

Care  of  The  American  Trading  Co.,  99  Con.  3  Jun-  0ct-       ]'  X°_ 

.        tj,      T                    g  )  Assoc.  M.     Mar.      1,  1899 

cession,  Kobe,  Japan \ 

Ames,  George  Marshall 

City  Engr.,  City  Hall,  Grand  Rapids,  Mich June    7,  1899 

Baum,  George  r 

Supt.  of  Gas  Appliances,  Consolidated  Gas   !  Jun.  Jan.     4,  1892 

Co.  of  New  York;  Res.,  27  Orchard  St.,  j  Assoc.  M.     April    5,  1899 

Bloomfield,  N.  J [ 

Beugler,  Edwin  James  r 

SecondAsst.  Eng.  of  Constr.,  N.  Y.,  N.  H.   j  Jun.  June  19,  1891 

&H.  R.  R.,   162  Norman  St.,  Bridgeport,  "j  Assoc.   M.     Feb.     1,  1899 

Conn (_ 

Boller,  Alfred  Pancoast,  Jr.  r 

Care   of    H.   R.   Worthington,    Honolulu,  )  Jun-  0cL     2'    1894 

Etl  )  Assoc.    M.     May     3,  1899 

Burns,  Clinton  Sumner 

406  Postal  Telegraph  Bldg.,  Kansas  City,  Mo Feb.     1,  1899 

Cleterdon,  Henry  Lawrence 

Winona,  Greenland  Co.,  Mich Mar.     1,  1899 

Condron,  Theodore  Lincoln 

Res.  Eng.,  Pittsburg   Testing  Laboratory,    Ltd.,  1750 

Monadnock  Block,  Chicago,  111 Feb.     1,1899 

Eastwood,  John  Thompson  f 

Asst.  Eng.  in  Charge   of  Edison   Conduit  I  Jun.  Mar.     6,  1894 

Construction,    Edison  Electric   Co.,    317  j  Assoc.  M.     Feb.     1,  1899 

Baronne  St.,  New  Orleans,  La 

Ford,  Robert  Henry  Persse  <  Jun.  Mar.     2,  1897 

Central  Vermont  R.  R.,  St.  Albans,  Vt j  Assoc.  M.     June     7,  1899 

Foster,  Thomas  J. 

522  West  123d  St.,  New  York  City Feb.     1,1899 

Frink,  Fred  Goodrich 

Prof,  of  Civ.  Eng.,  Univ.  of  Idaho,  Moscow,  Idaho May     3,  1899 
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Date  of 
Membership. 

Gbeenalch,  Wallace  i  Jun.  April   3,  1894 

Schuylerville,  N.  Y j  Assoc.  M.     June    7,  1899 

Gkeene,  Frederick  Stuart 

287  Fourth  Ave.,  New  York  City June    7,  1899 

Kenney,  Edward  Fulbister  <  Jun.  Nov.    3,  1896 

Asst.  Eng.,  Pennsylvania  R.  R.,  Moore,  Pa.  j  Assoc.  M.     May     3,  1899 
Mason,  George  Cotner  , 

Instructor    in  Civ.  Eng.,  New  York  Univ.,  J  Jun-  Mar'     6>  1894 

University  Heights,  New  York  City (  Assoc-  M'     Ma?      3-  1899 

Preston,  Henry  Wray 

Union  Bridge  Co.,  Athens,  Pa May     3,  1899 

Pruyn,  Francis  Lansing  . 

Asst.    Eng.,    New  East  River   Bridge,    84  3 Jun>  Dec-     *'  1896 

Broadway,  Brooklyn,  N.  Y |  Assoc"  M'     June    7-  1899 

Putnam,  George  Rockwell 

U.  S.  Coast  and  Geodetic  Survey,  Washington,  D.  C. . .     Feb.     1,  1899 
Stickney,  George  Fetter  r  Jun.  May     1,   1894 

333  North  7th  St.,  Paducah,  Ky j  Assoc.  M.     April  5,  1899 

Taber,  George  Aymab  i 

Eng.  for  Commr.  of  Street  Cleaning;  Res.  16  \  Jun*  April 30,  1895 

West  84th  St.,  New  York  City I  Assoc-  M"     June    7>  1899 

Trundle,  Horatio  Hartley 

Leesburg,  Loudoun  Co.,  Va June    7,  1899 

Wagner,  Joseph  Christian 

Surveyor  and  Regulator,   9th  Survey  Dist. ;   Res.  1539 
North  12th  St.,  Philadelphia,  Pa June    7,   1899 

WORTENDYKE,    NICHOLAS    DoREMUS 

319  York  St  ,  Jersey  City,  N.  J Feb.     1,  1899 

associates. 
Farrell,  Edward  James 

355  West  145th  St.,  New  York  City June    6,1899 

Foster,  Clarence  Marvin 

308  Chamber  of  Commerce  Bldg.,  Chicago,  111 Jan.  31,  1899 

Phipps,  Lawrence  Cowle 

2d  Vice-Prest.  and  Treasurer,  Carnegie  Steel  Co.,  Pitts- 
burg, Pa Jan.  31,  1899 


JUNIORS. 

Bartram,  George  Corrie 

New   England   Office,   Edge  Moor   Bridge   Works   and 
Edge  Moor  Iron  Co.,  13  Exchange  St.,  Boston,  Mass..     Jan.  31,  1899 
Baxter,  David  Elder 

311  East  State  St.,  Trenton,  N.  J May     2,  1891 

Caceres,  Simon  Novelo 

Room  512,  Grand  Central  Station,  New  York  City June    6,  1899 
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Date  of 
Connick,  Hareis  De  Haven  Membership. 

1908  Webster  St. ,  San  Francisco,  Cal Jan .     3,  1899 

Edwards,  Frederick 

369  Congress  St  ,  Troy,  N.  Y Jan.   31,  1899 

Gowen,  Sumner 

Draftsman,  Phoenix  Bridge  Co.,  Phcenixville,  Pa May     2,   1899 

Gustin,  Richard  Prosper 

Asst.  Eng.,   The  Degnon-McLean  Cons.  Co.,  68  Her- 
kimer St.,  Brooklyn,  N.  Y Jan.     3,  1899 

Hone,  Frederic  de  Peyster 

Box  263,  Greensboro,  N.  C April  4,  1899 

Keays,  Reginald  Horton 

Asst.  Eng.,  U.  S.  Engrs.'  Office,  Havana,  Cuba June    6,  1899 

Macy,  Elbert  Clyde 

Chief  Eng.,  Iowa  Central  Ry.,  Marshalltown,  Iowa May     2,  1899 

Millard,  Charles  Sterling 

Asst.  Eng.,  Big  Four  Ry.,  Indianapolis,  Ind May     2,  1899 

More,  Charles  Church 

216  Osborn  St  ,  Wissahickon,  Philadelphia,  Pa May     2,  1899 

Taylor,  Howard  Flanders 

115  Washington  Ave.,  Chelsea,  Mass Feb.  28,  1899 

Whiskeman,  James  Peter 

217  Carlton  Ave.,  Brooklyn,  N.  Y Jan.  31,  1899 


CHANGES  OF    ADDRESS. 

MEMBERS. 

Auchincloss,  William  S Atlantic  Highlands,  N.  J. 

Baker,  William  Edgar Gen.  Supt.,  Manhattan  Ry.   Co.,  10  Dey  St. 

New  York  City. 

Balbin,  Ernest  Joaquin Industria  103,  Havana,  Cuba. 

Bell,  Gilbert  James 1433  Harrison  St.,  Kansas  City,  Mo. 

Benyaurd,  William  H.  H Lt.-Col.,  Corps  of  Engrs.,   U.  S.  A.,  Army 

Building,  Whitehall  St.,  New  York  City. 

Breithaupt,  William  Henry 66  Broadway,  New  York  City. 

Brown,  Gillmor Pomeroy,  Ohio. 

Brunner,  John Supt.  of  Bureau  of  Engineering  and  Con- 
struction; Res.,  6200  Alder  St.,  Pittsburg, 
Pa. 

Burton,  Standish  Barry Saltillo,  Estado  de  Coahuila,  Mexico. 

Calkins,  Frank  Augustus Lakewood,  Jefferson  Co.,  Colo. 

Carr,  Walter  Frank 291  Pleasant  St.,  Milwaukee,  Wis. 

Cattell,  William  Ashburner.  . .  .192  Broadway,  New  York  City. 

Chamberlain,  Phillip  William.  .Guatemala  City,  Rep.  of  Guatemala. 

Cowles,  Walter  Lincoln 540  Neville  St.,  Pittsburg,  Pa. 

Darrach,  Charles   Gobrecht.  . .  .909  Drexel  Bldg.,  Philadelphia,  Pa. 

Davis,  Frank  Paul 34  West  Congress  St.,  Detroit,  Mich. 
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De  Witt,  Philip  Hoffecker 704  Dakota  St.,  South  Bethlehem,  Pa. 

Deyo,  Solomon  Le  Fevre Care  of  N.  Y.,  N.  H.  &  H.  R.  R.  Co.,  New 

Haven,  Conn. 

Ernst,  Oswald  Herbert 1321  Connecticut  Ave.,  Washington,  D.  C. 

Fisk,  Walter  Leslie Care  of  Chief  of  Engrs.,  U.  S.  A. ,  Washing- 
ton, D.  C. 

FitzGerald,  Desmond 807  Security  Bldg.,  Chicago,  111. 

Flagg,  Josiah  Foster Las  Vegas  Hot  Springs,  N.  Mex. 

Force,  Cyrus  G  Care  of  Hon.  F.  V.  Wolfe,  Dover,  N.  J. 

Fuertes,  James  Hillhouse Care  of  John  C.   Trautwine,    Jr.,  Chief  of 

the  Bureau  of  Water,  Philadelphia,  Pa. 

Gadsden,  George  Morrall Director  of  Public  Works,  Savannah,  Ga. 

Hazard,  Schuyler 209  Race  St.,  Cincinnati,  Ohio. 

Howe,  Horace  Joseph Care  N.  Y.  C.  &  H.  B.  R.  R.,  Grand  Central 

Station,  New  York  City. 

Hudson,  John  Rogers Care   of  F.   J.  De   Luce,    132   Austin    St., 

Cambridge,  Mass. 

Ives,  Edward  Bernard  Capt.  and  Signal  Officer,  U.    S.  V.,  Signal 

Office,  War  Dept.,  Washington,  D.  C. 

Jaques,  Wllliam  Henry Little  Boars  Head,  N.  H. 

Kinsley,  Thomas  Pearson 337  East  22d  St.,  Baltimore,  Md. 

Knight,  Walter  Harris The  Corliss  Steam  Engine  Co.,  Providence, 

R.  I. 

Lea,  Samuel  Hill Tampico,  111. 

Le  Baron,  John  Francis Chf.  Eng.,  Am.  Honduras  Co.,  Tegucigalpa, 

Honduras  (via  New  Orleans  and  Puerto 
Cortez). 

Lundie,  John 925   Exchange  Court  Bldg.,  52   Broadway, 

New  York  City. 

Lynch,  Michael  Lehane Room  112-1,  Guaranty  Loan  Bldg.,  Min- 
neapolis, Minn. 

McGrath,  Wallace   National  Soldiers'  Home,  Va. 

MacAllister,  Dickinson Pres.  and  Gen.  Mgr.,  The  Met.  West  Side 

Elevated  Ry.  Co.,  169  Jackson  St.,  Room 
1001,  Chicago,  111. 

Maltby,  Frank  Bierce U.  S.  Asst.  Eng.,  Missouri  River  Commis- 
sion, Osage  City,  Mo. 

Meyer,  Thomas  C  33  West  21st  St.,  New  York  City. 

Morley,  Fred Lapeer,  Mich. 

Mosman,  Alonzo  Tyler Cuyamaco  P.  O.,  San  Diego,  Cal. 

Ostrom,  John  Nelson 1306  Park  Bldg.,  Pittsburg,  Pa. 

Otis,  George  Ellison Chf.  Engr.,  S.  &  R.  R.  Val.  Ry.,  Mansfield, 

Ark. 

Paschke,  Theodore   Care    of  Cuban   Electric  Co.,    Luz  Wharf, 

Havana,  Cuba. 

Pihl,  Olaf  Ridley   U.  S.  Engr.'s   Office,     1100   D.    S.    Morgan 

Bldg.,  Buffalo,  N.  Y. 

Riffle,  Albert  Stanley Care  of  Excelsior   Wooden  Pipe  Co.,    204 

Front  St.,  San  Francisco,  Cal. 
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Rowland,  Charles  Leonard 114  Greene  St.,  Brooklyn,  N.  Y, 

Schuyler,  James  Dix 401  Douglas  Block,  Los  Angeles,  Cal. 

Sibert,  William  Luther Captain,  Battalion   of   Engineers,    Manila, 

P.  I. 

Simpson,  George  Hume 353  Sheridan  Ave.,  Pittsburg,  Pa. 

Thompson,  Gaylord Care  of  Newcastle  Traction  Co.,  Newcastle, 

Pa. 

Walton,  Charles  Wallace, Natchez,  Miss. 

Watson,  William  Parsons Eng.  Dept.,  The  Oregon  Ry.  &  Nav.  Co., 

Portland,  Ore. 

Weinhagen,  Fred 706  Pabst  Bldg.,  Milwaukee,  Wis. 

Wright,  Charles  Herbert Chf.  Engr.,   The  Brown  Hoisting  &  C.  M. 

Co.,  Cleveland,  Ohio. 

associate  members. 

Allen,  Henry  Clayton 513    Dillaye     Memorial     Bldg.,    Syracuse, 

N.  Y. 

Barr,  Joseph  Carroll U.    S.    Resident    Engineer,    Morgantown, 

W.  Va. 

Boggs,  John  Innerarity 1016  Congress  Ave.,  Houston,  Tex. 

Chester,  John  Needels Box  1088,  Pittsburg,  Pa. 

Fuller,  George  Waeeen 220  Broadway,  New  York  City. 

Hanna,  John  Venable Care   of  K.   C.   F.    S.  &  M.   R.  R.7   9th  & 

Broadway,  Kansas  City,  Mo. 
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INSUFFICIENT  PROVISION  FOR  COUNTER- 
STRESSES  IN  RAILROAD  BRIDGES. 


By  Heney  S.  Pkichakd,  M.  Am.  Soc.  C.  E. 
To  be  Presented  September  20th,  1899. 


Many  specifications  for  railroad  bridges  do  not  make  sufficient 
provision  for  counterstresses.  The  term  counterstresses  must  be  un- 
derstood, in  -what  follows,  to  apply,  not  only  to  the  stresses  in  the 
counters,  but  to  all  stresses  from  the  action  of  the  combined  dead  and 
live  loads  (including  the  effect  of  shock,  sudden  application,  etc.), 
which  are  of  a  reverse  character  to  the  stresses  from  dead  load  alone. 

In  a  good  modern  specification  the  unit  stresses  allowed  are  so  low 
that,  except  for  the  counterstresses,  a  bridge  designed  and  built  in 
accordance  therewith  could  reasonably  be  expected  to  be  able  to  carry 
without  serious  injury  a  live  load  at  least  twice  as  great  as  the  live 
load  specified. 

In  view  of  the  great  increase  which  has  been  and  is  now  taking 
place  in  the  weights  of  locomotives  and  trains,  not  to  mention  other 
pertinent  considerations,  the  wisdom  of  requiring  this  seeming  sur- 
plus of  strength  will  hardly  be  questioned,  yet,  as  regards  counter- 
stresses,  many  otherwise  good  specifications  make  no  such  provision 
for  increased  loads. 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published  in  a 
subsequent  number  of  Proceedings,  and,  when  finally  closed,  the  papers  with  discussion 
in  full  will  be  published  in  Transactions. 
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This  defect  is  probably  due  in  most  cases  to  the  failure  of  the 
authors  of  the  specifications  to  realize  that  a  provision  for  possible 
increase  in  loading,  which  is  adequate  for  all  other  stresses,  may  be 
entirely  inadequate  for  counterstresses. 

To  assist  in  the  consideration  of  this  subject,  the  relations  between 
loads  and  stresses  are  stated  as  follows: 

Calling  L  the  live-load  stress,  D  the  dead-load  stress,  A  the  sec- 
tional area,  and  £the  stress  per  square  inch,  then  for  counterstresses 

S  =  —       — ;  for  stresses  other  than  counterstresses  S  =  — — ; — . 
A  A 

From  these  equations  the  following  propositions  are  evident: 

For  stresses  other  than  counterstresses,  if  the  live  load  is  doubled, 
the  stress  per  square  inch  cannot  be  more  than  doubled,  so  that  if  for 
the  original  live  load  the  stress  per  square  inch  was  less  than  half  the 
safe  stress,  the  stress  per  square  inch  would  still  be  within  safe  limits 
if  the  load  was  doubled. 

For  counterstresses  any  increase  in  the  live  load  must  make  a 
greater  proportional  increase  in  the  stress  j:>er  square  inch.  If  the  live- 
load  stress  is  but  slightly  larger  than  the  dead-load  stress,  then  even 
a  small  increase  in  the  live  load  may  make  a  very  large  increase  in  the 
intensity  of  the  counterstresses,  while  if  the  live  load  is  slightly 
smaller  than  the  dead  load,  a  small  increase  in  the  live  load  may 
require  counters  where  none  were  required  under  the  original  live  load. 

If  the  counterstresses  in  a  bridge  are  obtained  by  simply  subtract- 
ing the  dead-load  stresses  from  the  reversed  stresses  for  the  specified 
live  load,  and  the  members  subject  thereto  are  proportioned  by  the 
specified  stress  per  square  inch,  which  is  the  way  prescribed  in  many 
specifications,  and  a  common  practice  among  bridge  designers,  then 
such  members  will  have  a  less  factor  of  safety  as  regards  increase  in 
the  live  load  than  the  other  members  of  the  bridge,  and  the  trusses 
may  in  some  panels  have  no  proper  provision  whatever  for  any 
increase  in  the  live  load. 

The  absence  of  a  regular  provision  for  counterstresses  does  not 
necessarily  result  in  immediate  failui-e  if  the  bridge  is  subjected  to  a 
load  sufficient  to  produce  counterstresses,  as  the  stiffness  of  the  chords 
and  floor  system,  and  the  fact  that  the  load  is  generally  but  a  few 
moments  in  the  critical  position  which  would  produce  the  counter- 
stresses  may  save  a  bridge  from  seemingly  impending  failure. 
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A  case  in  point,  brought  to  the  author's  attention  about  a  year  ago, 
is  that  of  a  300-ft.  span,  shown  in  Fig.  1.  This  span,  for  an  unknown 
period,  had  been  carrying  loads  which,  for  want  of  counters,  would 
temporarily  buckle  the  main  diagonals  "A,"  whenever  a  loaded  train 
crossed  the  bridge. 

As  this  bridge  is  of  a  common  type,  and  has  no  special  features  or 
unusual  stiffness  in  the  chords  and  floor  system  tending  to  supply  the 
place  of  counters,  it  is  fair  to  suppose  that  most  bridges  would 
possess  some  capacity  for  sustaining  loads  if  some  of  the  counters 
necessary  to  a  proper  design  were  omitted.  It  is  to  be  feared,  how- 
ever, that  loads  so  carried  produce  dangerous  strains  in  the  chords 
and  floor  system  which  may  in  time  cause  failure.  Ability  to  carry 
loads  when  there  is  not  proper  provision  for  the  counterstresses,  like 
the  ability  to  resist  stress  after  the  elastic  limit  has  been  exceeded,  is 
a  very  desirable  property  in  a  bridge,  and  may,  in  an  emergency,  save 
it  from  disastrous  failure,  but  it  should  not  be  relied  on  for  sustaining 
the  traffic,  either  present  or  prospective. 


Fig.  1. 

As  a  bridge  designed  in  accordance  with  recognized  good  practice 
would  be  considered  fairly  safe  as  regards  all  stresses  other  than 
counterstresses,  under  increasing  traffic  up  to  a  point  where  the  live 
load  was  about  double  that  originally  specified,  to  be  consistent, 
proper  provision  should  be  made  for  the  coimterstresses  produced  by 
a  live  load  of  at  least  double  that  originally  specified.  If  the  stresses 
are  obtained  from  double  the  live  load,  the  stress  per  square  inch  in 
members  not  subject  to  counterstresses  will  vary  from  something  less 
than  twice  the  specified  stress  per  square  inch  in  some  members  to 
nearly  or  quite  twice  the  specified  stress  in  others.  Hence,  it  would 
seem  to  be  consistent,  after  obtaining  the  counterstresses  from  double 
the  specified  live  load,  to  allow  nearly  double  the  specified  stress  in 
proportioning. 

All  the  previous  references  to  live-load  stresses  are  intended  to  be 
references  to  the  live  stresses,  with  the  effect  of  shock,  sudden  applica- 
tion, etc. ,  included.  The  author's  present  practice  in  determining  what 
members  of  a  bridge  are  liable  to  counterstresses,  and  in  proportion- 
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ing  tliem,  is  to  add  to  the  nominal  live-load  stresses  (that  is,  the 
live-load  stresses  with  the  effect  of  shock,  sudden  application,  etc., 
neglected),  125%,  to  combine  the  stresses  thus  increased  with  the 
dead-load  stresses,  and  to  use  double  the  specified  stress  per  square 
inch  in  determining  the  sectional  area  required. 

Fortunately,  even  when  the  specifications  require  no  provision  for 
counterstresses  beyond  what  would  be  produced  by  the  specified  live 
load,  most  bridge  designers  will  make  some  provision,  which,  how- 
ever, will  differ  greatly  according  to  individual  judgment.  If  the 
designers  are  contractors  competing  for  work  on  a  lump-sum  basis, 
under  specifications  deficient  as  regards  counterstresses,  any  pro- 
vision they  may  make  toward  remedying  such  deficiency  is  a  self- 
imposed  handicap. 


Fig.  2. 

For  bridges  with  parallel  chords  resting  on  two  supports,  as  in 
Fig.  2,  this  handicap  generally  is  not  great,  because  for  most  cases 
only  a  few  members  will  have  counterstresses,  even  when  the  live  load 
is  doubled,  and  these  stresses  are  mostly  quite  small;  but  for  bridges 
with  inclined  chords,  which  for  long  and  moderately  long  spans  are 
now  very  frequently  used,  as  in  Figs.  1  and  3,  the  case  is  quite 
different,  because  the  inclination  of  the  chords  decreases  the  dead- 


Fig.  3. 
load  stresses  and  increases  the  reverse  live-load  stresses  in  the  web 
members,  thus  increasing  the  counterstresses.  It  is  frequently 
customary  to  start  the  inclination  of  the  chord  at  a  sufficient  distance 
from  the  center  of  the  truss  to  avoid  the  use  of  counters  in  the  por- 
tions of  the  truss  having  an  inclined  chord,  and  to  make  the  in- 
clination as  great  as  the  avoidance  of  counters  and  the  maintenance  of 
the  required  headroom  will  admit.  As  there  is  generally  considerable 
economy  in  making  the  inclinations  of  the  chords  as  steep  as  possible, 
there  is  a  decided  advantage,  from  the  commercial  point  of  view  of 
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the  aforesaid  competing  contractors,  in  making  no  provision  for 
counterstresses  in  excess  of  the  specifications. 

The  chief  danger  to  be  apprehended  from  specifications  which  do 
not  make  adequate  provision  for  counterstresses  lies,  not  in  their  use 
by  those  who  from  self-interest  wilfully  omit  unspecified  provisions 
which  they  believe  to  be  essential  to  good  design,  but  in  their  use  by 
those  who  either  fail  to  realize  that  the  specifications  are  inadequate, 
or  underestimate  the  extent  of  their  inadequacy. 

The  same  causes  which  lead  engineers  to  write  specifications  which 
do  not  make  sufficient  provision  for  counterstresses  may  lead  them  to 
design  bridges  which  are  defective  in  this  regard. 

It  is  believed  that  what  has  been  presented  shows  that  provision 
should  be  made  for  counterstresses  from  some  increase  in  the  live 
load,  perhaps  more,  perhaps  less,  than  the  increase  advocated,  and 
that  whatever  provision  is  decided  on  should  in  all  cases  be  definitely 
and  clearly  stated  in  the  s23ecifications. 
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COMPARISON  OF  WEIGHTS  OF  A  THREE-HINGED 

AND  A  TWO-HINGED  SPANDREL-BRACED 

PARABOLIC  ARCH. 


By  C.  W.  Hudson,  Assoc.  M.  Am.  Soc.  C.  E. 
To  be  Pbesented  September  20th,  1899. 


In  June,  1896,  the  author  had  occasion  to  calculate  the  stresses, 
sections  and  weight  of  a  three-hinged  spandrel-braced  parabolic  arch, 
the  outline  and  main  dimensions  of  which  are  shown  in  Fig.  1. 
Shortly  after  finishing  these  calculations  he  determined  to  make  the 
corresponding  calculations  for  an  arch  of  the  same  outline  having  two 
hinges,  in  order  to  determine  their  exact  relative  economy  as  regards 
weight  of  metal.  It  was  not  until  recently,  however,  that  the  second 
calculation  was  completed.  As  it  would  seem  that  these  results  might 
be  of  some  interest  to  members  of  this  Society,  they  are  here  given, 
together  with  a  brief  exposition  of  the  method  used  in  calculating  the 
stresses  in  the  two-hinged  arch. 

These  arches  were  designed  for  a  live  load  of  2  160  lbs.  per  lineal 

foot  or  36  000  lbs.  per  panel  of  the  arch,  and  a  dead  load  of  2  880  lbs. 

per  lineal  foot  or  48  000  lbs.  per  panel  of  the  arch.   This  unusually  large 

dead  load  is  due  to  a  heavy  asphalt  floor  carried  by  buckled  plates. 

Note.— These  papers  are  issued  before  the  date  set  lor  presentation  and  discussion. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published  in  a 
subsequent  number  of  Proceedings,  and,  when  finally  closed,  the  papers  with  discussion 
in  full  wiil  be  published  in  Transactions. 
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SPANDREL-BRACED  PARABOLIC  ARCH 

CASE  I.-W1TH  THREE  HINGES. 
CASE  II.— WITH  TWO  HINGES. 


No  metal  less  than  -,-„-  in.  in  thickness  -was  used  for  either  case;  and 
only  two  sizes  of  channels — 12  and  15  ins. — were  used  for  the  members 
other  than  the  arch  ring.  By  introducing  another  shape,  say  10-in. 
channels,  a  small  saving  of  weight  could  have  been  made  in  both 
cases,  but  the  appearance  of  the  arch  is  better  on  account  of  the 
greater  uniformity,  and  the  construction  is  cheapened  for  the  same 
reason. 

The  unit  stresses  used  in  proportioning  the  members  were: 
For  tension 

Live-load  stresses,  11  000  lbs.  per  square  inch. 
Dead-load        "        22  000 
For  compression 

In  arch  ring  and  top  chord 

Live-load  stresses,  12  000  —    55  —  lbs.  per  square  inch. 


Dead-load        "        24  000 
In  web  members 

Live-load  stresses,  11  000 


110  - 


Dead-load 


22  000  —  100  - 
r 


50  —  lbs.  per  square  inch. 


It  would  have  been  more  consistent  and  better  to  have  used  for  the 
arch  rings  and  top  chords  also  the  compression    formulas  used  for 
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web  members,  as  the  loading  producing  maximum  stress  in  these 
members  is  partial,  not  covering  the  entire  span,  for  almost  all  the 
members  of  both  cases. 

These  unit  stresses,  as  will  be  recognized,  are  those  for  medium 
steel,  of  Theodore  Cooper's  Specifications  of  1896  for  Highway 
Bridges. 

The  temperature  stresses  in  the  two-hinged  arch  were  treated  as 
dead-load  stresses.  Members  subject  to  alternate  stresses  of  tension 
and  compression  were  proportioned  to  resist  both  kinds  of  stress,  with 
-■To  of  the  smaller  added  to  either. 

TABLE  No.  1. — Case  I.  Stresses,  Sections  and  Weights  eoe  a 
Three-Hinged  Arch  Having  a  Span  Length  of  200  ft.  from 
Center  to  Center  of  End  Pins. 


Member. 

Live-load 
stresses. 

Dead -load 
stresses. 

Sections. 

Weight  in 
pounds. 

P1 

j   ±    59  000  1 

"j  —    77  000  t' 

I  +    50  400  1 

"|  —    86  400  f 

J  +    37  900  1 

)  —    73  900  f 

I   +    24  700* 

"|  —    60  700  \ 

J  ±    11  700  1 

1  —    47  700  1"  " 

j  +   30  600* 

|  —    66  600  f 

—    36  000 

±    65  800 

±    61  600 

±    54  900 

±    51  100 

±    49  600 

±  130  800 

±    29  200 

t    64  500 

±  103  100 

±134  300 

±133  800 

34  000 

48  000 

48  000 

48  000 

48  000 

48  000 
48  000 

Sq.  ins 
3  15"  channels  100  =  19.6 

3  13"          "          89  =  17.4 

3  13"          "           65  =  13.7 

3  12"          "           65  =  12.7 

2  12"          -           65  =  12.7 

3  12"          "           65  =  12.7 

2   12"          "           65  =  12.7 

2  12"          "         100  =  19.6 

3  13"          "           80  =  15.7 
2  12"          "           65  =  12.7 

2  12"          "           65  =  12.7 

3  13"          '•           65  =  13.7 
3  12"          "         138  =  27.1 
3   15"          "           96  =  18.8 
2   15"          "           96  =  18.8 
2  15"          "          96=  18.8 
2  15"          "         134  =  24.3 
2   15"          "         124  =  24.3 
2   15"          "           96  =  18.8 

( 4  Ls.  4  X  4  X  48  |  _  «  s 
»2pls.  24X}|       \-Sl.V 
\  4  Ls.  4  X  4  X  44  1  _  -n  o 
1  2  pis.  24  X  H       *  ~ 
(  4  Ls.  4  X  4  X  48 1       40  o 
12  pis.  24  X|         }-«•» 
1 4  Ls.  4  X  4  X  44  1  _  47  o 
)  2  pis.  24  X  g         1  _ 
j  4  Ls.  4  X  4  X  44 )  _  47  q 
\2  pis.  24X1         }-*'-° 
(4Ls.  4X4X44I_443 
i2pls.  24  X  ,86       \-™° 
Details  (from  shop  drawings 

P2 

P3 

P, 

14  230 

P5 

Pe 

P7 

T1 

T 

T3 

15  560 

TA 

Tr> 

b 

14  230 

d 

/ 

1 

—  334  800 

(4      7100| 
1  —  321  900  f 
j  +    21  600  1 
"i   —  319  600  \" 
(   ±    41  500  I 
1   —336  300  f 
(  +    53  700 1 
|  —  329  200  J 
i  +    10  6001 
\  —  381  300  ( 

446  400 
419  800 
397  300 
379  500 
367  100 
360  800 

3 

h 

36  180 

5 

0 

34  800 

Total  weig 

ht  = 

115  000 
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Fig.  4. 
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Case  II. — The  stresses  for  the  two-hinged  arch  are  not  statically 
determinate,  but  may  be  obtained  from  the  elastic  properties  of  the 
arch. 

The  vertical  components  of  the  reactions  for  any  load  are  the  same 
as  the  reactions  for  a  simple  truss  of  the  same  span.  The  horizontal 
component  of  the  reactions  for  any  load  can  be  found  from  the  follow- 
ing formula:* 

In  which 

H=  Horizontal  thrust  produced  by  P; 
P  =  Load  at  any  point ; 

<5   =  Vertical  deflection  of  the  loaded  point,  due  to  a  horizon- 
tal force  of  unity  acting  at  the  free  hinge — one  hinge 
assumed  fixed  and  the  other  free — ; 
8'  =  Horizontal  displacement  of  the  free  hinge,  due  to  a  hori- 
zontal force  of  unity  acting  at  the  free  hinge. 
Fig.  2  will  make  the  notation  of  this  formula  more  clear  than  the 

definitions  alone  could.  p\.$ 

For  simplicity  of    comparison  the  re-   ;    ^^^        =3*=**'^h     ! 

j/\'  n-^V  '     V'""J 

suits  are  arranged  as  compactly  as  possi-  K-fucj.  Free:^, — * 

ble  in  Table  No.  2.  Fig.  2. 

The  first  column  gives  the  marks  designating  the  members  (see 
Fig.  1).  The  second  column  shows  the  stresses  due  to  a  horizontal  force 
of  unity  acting  at  one  of  the  hinges.  These  stresses  were  very  care- 
fully figured  analytically,  and  then  checked  graphically  by  means  of 
the  diagram,  Fig.  3.     From  these  stresses  the  changes  in  length  A  of 


-ff=  1.000— i\ 

Fig.  3. 

T  L 

the  various  members  were  computed  from  the  formula  A  =  =-,.     In 

determining  these  values  of  A,  which  are  given  in  the  third  column, 
L  was  taken  in  feet,  A,  at  present  unknown,  was  taken  equal  to  unity, 
and  E  was  taken  at  29  instead  of  29  000  000,  in  order  to  give  values  of 
A  sufficiently  large  to  allow  them  to  be  accurately  plotted.  These  pre- 
*  "  Roofs  and  Bridges,"  Part  IV,  Merriman  &  Jacoby. 
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liminary  values  of  A.  are  1  000  000  x  A  times  their  true  value.  Using 
these  values  of  A  the  displacement  diagram  shown  in  dotted  lines  in 
Fig.  4  was  constructed.  The  full  lines  in  this  figure  give  the  final 
displacement  diagram,  and  from  this  diagram  the  ratio  of  8  to  <5'  was 
found  to  have  the  following  values,  beginning  with  the  panel  point  at 
the  end  of  the  arch:  0.003,  0.203,  0.401,  0.590,  0.764,  0.904  and  0.962. 

The  thrust  due  to  a  load  at  the  end  of  the  span  being  so  small,  only 
0.003  of  the  load,  it  is  neglected  in  both  the  preliminary  and  final  cal- 
culations. 

H=(0.210x  2+0.409x  2+0.600x  2+0.774  x  2+0.910x3 

+  0.962  )  48000  =  6.768  X48000  =  334.900 


Fig.  5. 

For  full  loading  the  preliminary  value  of  the  horizontal  thrust  is 
6.686  x  48  000  lbs. ;  from  this,  by  means  of  a  diagram  similar  to  Fig.  5, 
(Fig.  5  being  the  final  dead-load  stress  diagram),  the  preliminary  dead- 
load  stresses  are  obtained.  These  stresses  are  given  in  the  sixth 
column  of  the  table. 

Before  finding  the  preliminary  live-load  stresses  it  will  be  well  to 
find  the  stresses  in  the  arch  due  to  a  vertical  reaction  of  unity,  sup- 
l^osed  to  be  applied  in  this  case  at  the  left  hinge.  The  stresses  due  to 
this  load  are  given  in  the  fifth  column  of  the  table.     They  were  com- 
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puted  analytically  and  checked  by  means  of  the  diagram,  Fig.  6.  The 
upper  figures  in  the  fifth  column,  where  two  sets  are  given,  are  the 
stresses  for  the  corresponding  member  in  the  right  half  of  the  arch. 

To  determine  the  greatest  tensile  and  compressive  live-load  stresses 
to  which  any  member  of  the  arch  is  subjected,  take  5  of  the  arch  ring 
for  example,  and  arrange  the  computations  as  follows : 


—  H 

+  v 

4.492  X 

0.203  ' 

13.019 

X  Ta 

X 
X 

0.401 
0.590 

-  1.958 

X  Ta 

X   yo" 

-1  =  1 

\y 

0.764 

3.432 

X  -fV 

4.340 

X 

0.904  : 

4.061 

6.509 

x  rV  ' 

3.797 

X 

0.962 

x  A 

X 

0.904 

X     "12 

X 

0.764 

'  4.728 

x  fV 

'2i  = 

X 

0.590 

X   Ta 

X 

0.401 

x  rV 

X 

0.203  . 

x  -h-  j 

15.208 


Fig.  6. 

The  value  of  H  and  V  being  those  given  in  the  second  and  fifth 
columns  of  Table  No.  2  opposite  5,  by  inspection  it  can  be  seen  that 
loads  on  the  second,  third,  fourth  and  fifth  panel  points  produce 
tension,  and  loads  on  the  other  points  produce  compression  in  the 
member  -5.  The  computation  of  the  stresses  is  now  very  simple,  and 
we  have: 

For  tension  (10.849  —  4.492  x    1.958)  36  000  =  2.054   X    36  000 

=  74  000. 
For  compression  (4.728  x  4.492  —  15.208)  36  000  =  6.030  x  36  000 

=  217  000. 

The  other  live-load  stresses  were  determined  in  this  manner,  and 
the  computations  were  equally  simple. 


350 


HUDSON   ON   COMPARISON   OF   HINGED   ARCHES.       [Papers. 


Cs 

c-i 

*- 

ca      ts 

s, 

n> 

a 

rs 

o- 

9 

1 

1 

1 

1         1 

1 

+ 

-t" 

+ 

+ 

+ 

+ 

C5 

#■. 

CO 

10         h-» 

>— 

OS 

en 

co 

1-1 

o 

o 

00 

35 

4*. 

CO 

to 

o 

55 

<~L              CI 

OS        00 
en       CD 

ts> 

*. 

o 

OS 

3 

cs 
■- 

*- 

ei 

CO 
OS 

en 

CO 

OS 

to 

i 

1 

1 

1    1 

1 

+ 

f 

+ 

+ 

+ 

+ 

co 

to 

1-1 

1—      l-l 

o 

CO 

CO 

i-i 

i-i 

o 

o 

1 

CS 
OS 

OS 

8 

OS 

CO         O 

en      cs 

4-       i- 

00 

OD 

is 

§ 

i 

CD 

en 

OS 

o 
-J 

00 

en 

CO 

-1 

to 

o 
r 

'   1 

1 

1 

1         1 

1 

+ 

+ 

+ 

+ 

-t- 

+ 

o 

o 

o 

o      o 

o 

o 

o 

o 

o 

o 

o 

-i 

- 

CO 

5: 

£ 

-1 

o      o 
os      to 

OS         OS 

o 
oo 

q 

o 

- 

o 
-1 

CC 

o 
en 
-J 

& 

CO 

o 

Kaaoo 

55  s 

f+  + 

+ 

o 

cs 

XTtttt 

1—  cs  o:  to  CO  CO 

TT 

i-i -j 

1 

o 

-j  4u.  en  o  »aoi-!   on 

4-  4-  o  -i  CO  CC  4-  CO     -} 

en  to  co  co  4-  to  -s  on    en 

o 

OS 

-J 

-I  *.  CO  -I  •-!  CO  4^  O 

i-i  c:  x.  - .  to  -?  —  c 

coososcsejientoco 

Id 

CD 
CO 

. 

, 

— . — 

— , — 

1 
1 

1 

CC 
O 

1 
to 

CD 

1    1 

CO         CO 

1—      en 

CO        -I 

1 

CO 
CO 

oo 

to 

-. 
o 

1 
to 

i 

1 

2 

i 

co 

OS 

1 

4^ 

o 
o 
o 

OS 

c 
o 

CD 

8 

to      os 

5     5 

© 
o 

- 

CO 

r 
o 

o 

c 

en 
Q 

- 

en 

en 

o 
o 

1 

OS 

So 

1 

to 
o 

CO 

1 

to 

3 

1      1 

OS         OS 

to      o 

l-l      44. 

1 

o 

CO 

1 
to 

8 

1 

CO 

to 

1 

rt 

o 

1 

OS 
OS 

1 

CO 
CO 

1 
to 

4. 

o 
o 

o 

8 

o 

00       o 
o      o 

o 
o 

o 

8 

o 
- 

o 

CO 

o 
o 

to 

= 

CO 

-a 

o 
o 

_s_ 



~A_ 

— ' — — -— 



_  _ 

_, 

, 

1  + 

1  + 

1    +    1    +    1     + 

1 

1 

I+I+I+I+I+ 

NUO 

to 

1-1  -J 

->  — 

to     to      to 

4-  *.  01  to  -J 

os  ~i  x  co  en  -j 

.10 

CO 

oo 

CO 

en 

cocoososi-iosps4^eoto 

CCOCOli-XMOO 

OtO 

o  3 

■  = 

as 

c;  tO~3  *. 



en 

- 
- 

o 

o 

co^ 
-  - 

co  en  en  o 
pooc 
oooc 

-14--1M 

o  5  o  =; 

i+i+i+i+:+ 

1 

T+ 1  + 1  + 1  + 1  +  i  + 

to  To 

^  X 

It 

to      to 

co 

-j 

iz 

■r  . 

55  £ 

ri  55 

05  tO 
OO 

c  c 

__._ 



~  5  =  5 

o 

—  X 

5S  *S 

,2 





to  s. 

-  o 

C5  = 

OS 

fc 

OS 

o 

10        i-i 

>-i      en 

to 

OS 
OS 

en 
en 

V 

|4S- 

00 

CO 

CO 

go 

8 

CD 
O 

CO 

5 

*.         CD 

o      o 
o      o 

*. 

s 

— 

8 

— 

O 
- 

8 

*J 
o 

OS 

o 
o 

_ «— . 









ie 

<i 

.e 

.5 

to 

to 

.5_,i_,-__.5  —  .5  —  .:  — 

i-i 

i-i 

Hi 

i-i 

1-1 

*^ 

v  t-"o  r*c  t*s  t-"a  f-a  t-1 

S"  .w  »  ?■  5T  f5  mV  m  5°  b  f° 

is*. 
°X 
X  as. 

to* 
°X 

X*. 

tO* 

°X 

to*  to* 
°X°X 

X  4i.X  4^. 

to* 
°X 
X  as. 

tO 

CO 

•*-xs=x 
§    ft 

Bl"X«»X 
*^     en 

*»X 

en 

j 

CO 

CO 

CD 

CO 
OS 

CO 
OS 

OS 

II 

CO 

ii 

OS 

II 

OS 
00 

II       II 
*.      *. 
>-i      en 

II 

en 
o 

II 

CO 

en 

II 

CO 
CO 

II 

CO 

05 

II 

00 

II 

oo 

II 

CD 

*. 

— 

CS 

—      o 

o 

CO 

to 

ii 

CD 

00 

00 

S.S'F1 

to 

to 

to 

to 

to 

to 

to  *-  to  4>  to  *.  to  *-  to  #■. 

"c  c^a  rtj  t*d  r"o  r 

m  S»  »?  5*5°  m?  w.m 

tn 

en 

-' 

en 

en 

i' 

o 

to 

mto* 

•J°x 

°x 

to* 
°X 
X*. 

to**  to*' 

°x°x 
x^x*. 

10* 

X  a> 

g-X 
5       to 

CO 

a»X 

OS. 
co 

w»X»»X 

os     eb 

en 

OS 

- 

OS 

en 

CD 

01 

CO 

CO 
OS 

CD 
CS 

CO 
OS 

W 
P" 

il 

e  ii 

:    w 

II 

OS 
OS 

II 

CO 
CO 

II       II 

pO.         4>- 

i-i      en 

II 
S 

II 

CO 

to 

II 
CO 

11 

CO 

II 

00 

II 

00 

II 

00 

*- 

CO 

If*. 

CO       00 

00 

OS 

to 

to 

00 

oo 

00 

i 

OS     OS 

M       O 

cc    en 

8  8 

-3 
X 

H-3 

► 

H 
o 


a 


s^ 


Papers.]      HUDSON   ON   COMPARISON   OF   HINGED   ARCHES. 


351 


04    H  ^  u4    s    s . 

^    ^       £>       ^       ^       .^       ^ 

Truss  Members. 

-  0.818 

—  0.998 

-  1.304 

—  1.805 

-  2.245 

—  1.273 

4-  0.733 
4-  0.817 
4-  0.903 
4-  0.958 
4-  0.881 
4-  0.431 

Stresses  due  to  H. 

1      !      1      1      1      1 

O        >-»       i-'       '-'        O       i-» 

+    +    +    +    +     + 

©     ©     ©     ©     o     ^ 

Prelim. 

>- 

-J        4-        10        O        CO        O 
-I       O        to       CO       CD       OS 
00        CO        >b        CD        CD        tO 

>-»      co     en      -J      ©      >-i 
©      p-l      to      rfa.      en      © 
©      VI      ©      ©      to      to 

—  0.081 

—  0.079 

—  0  083 

—  0.097 

—  0.095 

—  0.033 

4-  0.062 
4-  0.051 
4-  0.044 
4-  0.039 
4-  0.025 
4-  0.008 

3 
S' 

++++++++++  + 
en  ©  en  co  co  *>•  to  co  )-*  to    i-i 

7 1  1  III  Mill 

>-'OtO>->tOtO>-'tO>-'tO     >-> 

Stresses  clue  to  V.     , 

to  to  oo  cd  oc  ©  co  to  en  ->    <-* 
en  -i  —  ci  a-  ©  x  -i  oc  en    >-' 

co  -J  »—  oo  oi  to  ©  cd  co  ©    en 

000 

257/ 
296  ( 
271  ( 
6541 
125/ 
043* 
5531 
277) 
094/ 
781  j 

—  53  000 

—  80  000 

—  85  200 

—  86  000 

—  82  700 

—  64  600 

—  48  000 

4-    32  200 

+    38  900 
+    53  000 
+    70  900 
+    88  000 
+    49  300 

5 

3 

a  > 

Be 

t=3  p 

00   >■ 

■    O 

—  49  800 

—  76  900 

—  79  300 

—  82  000 

—  79  000 

—  62  800 

—  48  000 
4-    28  800 

4-    35  300 

4-    45  500 

4-    63  600 

:f    78  300 

f    43  000 

Final. 

4-1  +  1  +  14-1  +  14-1  1   1  +7+7+  1  +  1  +  1  + 

en  >-"  ©,  co  -j  ->  as  to  a  co  ©  *■  co  <•  to  -?      -I      oo  to  ©  co  oc  *. 
en  oc  en  ©  to  ©  -i  ©  ©  -J  ©■  en  a>  ©  -!  i-'  ©  to  oc  to  —  ©  ©  ©  © 

-j~?©*-©©to©©©Crten©to©©©-JCncni-'Gcxco-i 

©  ©  ©  © ©  ©  ©  ©  ©  ©  ©  ©  ©  ©  ©  ©  ©  ©  ©  ©  ©  ©  o  ©  o 
©©'©©,©■©  ©,  ©,  ©  ©  ©■  ©,©,©,©■©,©  ©  ©,©,©©©  o  o 

5 

r1 

rt 
i 
F 

o 

O 
GO 

►a 

a 

H 

Cfi 

en 

H 
CO 

4-    42  000 

—  79  400 
4-    32  000 

—  89  600 
4-    21  400 

—  81  100 
4-    10  500 

—  71  900 
4-    10  700 

—  69  900 
4-    28  100 

—  75  500 

—  36  000 

—  46  900 
4-     68  400 

—  39  100 
4-    65  400 

—  30  900 
4-    65  100 

—  33  800 
4-    70  300 

—  42  400 
4-  101  400 

—  122  800 
4-  154  300 

5' 

8  300 
10  000 
13  000 
18  000 
33  500 
12  700 

±  7  300 

8  200 

9  000 
9  600 
8  800 
4  300 

Preliminary 
and  Final.* 

Temperature 

Stresses. 

to     to     to     to     to     to   to   to     to     to     to     JO     to 

to      to      to      to      to      to    to    to      to      to      to      en      ci 

9 

H 

a> 

§" 
3' 
2 
<< 

m 

Q 
H 

O 

00 

o 

» 

o 
CO 

,_,                                                                                 3T 

to        •*}©©©        ©©©©—300©© 

©©cncncncncncncnocn©© 
II        II        II        II        II        II      II      II        II        II        II        II        II 

co      en      to      to      to      to    to    to      to      co      ©      oc      oo  p  GO 

in      en      vj      vj      '-j      vj    vj    1^      vj      vi      vj      oo      bo?1. 

tototototototototototototo 

5' 

to     to      to      to      to      to    to    to      to      to      to      en      en 

o 
a1 
p 

nels  96  = 
96  =  ] 

82  =  1 

69  = 

65  = 

65  =  ] 
65  = 
65  =  1 

65  =  ] 

65  =  1 

65  =  ] 

75  =  1 

121   =  i 

co      *»      to      to      to      •:    •:.'-.•_       w       -.       /        i  -  CO 

'•*     -i     —i     '-*      -^      -i^i<i      vi      en      i-i      bo     be?1. 

CO 

*. 

CO 

o 

en 
8 

Weights  of 
in  p< 

final  sections 
junds. 

> 


X 


~ 

T 

o 

W 

H3 

M 

o 

CO 

o 

g 

< 

o 

H 

w 

© 

2 

H 

H 

H 

M 

CO 

« 

*■ 

H 
O 

Q 

o 

- 

H 

*1 

iA 

O 

H 
W 

w 

W 

► 

o 

H 

w 

o 

2 

6! 

7, 

CO 

0 

s> 

pd 

352  HUDSON"   ON   COMPARISON   OF   HINGED   ARCHES.      [Papers. 

Having  determined  the  preliminary  live  and  dead-load  stresses,  it 
now  remains  to  determine  the  preliminary  temperature  stresses.  From 
the  displacement  diagram,  already  constructed,  the  horizontal  dis- 
placement of  the  hinge,  due  to  a  horizontal  force  of  unity,  is  found 

230  8 
to  be  .,  nnn  ,    ' —     -    ft.     It   -will  be   assumed  that   the   arch   will  be 
1  000  000  x  a 

subjected  to  a  range  of  temperature  of  120°  Fahr. ,  or  a  variation  of  60° 

from  the  mean.     This  is  a  less  variation  than  is  usually  assumed,  but 

as  the  metal  of  the  arch  under  consideration  is  to  be  protected  from  the 

direct  rays  of  the  sun  by  a  highway  floor,  it  is  probably  enough.     The 

change  in  length  of  the  arch  due  to  a  variation  of  60°  Fahr. ,  taking 

the  coefficient  of  expansion  as  0.0000065  per  degree  Fahr.,  is  0.078  ft. 

Dividing  this  change  of  length  due  to  temperature  by  the  change  in 

i        +1    i       *        «        4r    *  in  .  78  x  a   X  10  000  000  „ 

length  due  to  a  thrust  of  1  lb.,  we  get ..  ___ tt-^k lbs.  as  the 

&  1  000  x  2  308 

value  of  the  temperature  thrust.  The  value  of  a  in  this  expression 
for  the  value  of  the  temperature  thrust  is  at  present  unknown ;  the  aver- 
age influence  of  the  areas  of  all  the  members  of  the  arch  is  very  nearly 
represented  by  the  influence  of  the  area  of  a  member  of  the  top  chord 
near  the  center  of  the  arch.  In  this  case  the  approximate  value  of 
the  area  of  the  member  e,  as  determined  from  the  preliminary  live 
and  dead-load  stresses,  is  used  as  the  value  of  a  in  the  expression 
for  the  temperature  thrust.  This  approximate  determination  of  the 
area  of  e  gives   about  31    sq.  ins.,  which  gives   for  the   preliminary 

,.         ,78x31x10  000  000       innnnl,  mi  ,•     • 

temperature  thrust  .,  .__ ftttt^f; =  10  000  lbs.       The  prehmi- 

*  1  000  x  2  308 

nary  temperature  stresses  are  now  determined  by  multiplying  the 

stresses  in  the  second  column  of  the  table  by  10  000. 

From  these  preliminary  dead-load,  live-load  and  temperature 
stresses  the  preliminary  sections  were  determined. 

Using  these  new  areas,  instead  of  unity  used  in  the  preliminary 
calculation,  the  final  calculations  of  stresses  are  made  in  exactly  the 
same  manner  as  the  preliminary  calculations.  It  is  found  that  the 
preliminary  temperature  stresses  need  not  be  changed  for  the  final 
determination  of  the  sections.  A  final  determination  of  the  sections 
shows  only  small  changes  from  the  preliminary.  In  most  of  the 
members  there  is  no  change,  and  the  greatest  change  amounts  to  only 
6%,  and  as  the  preliminary  determination  for  this  case  was  on  the  safe 
side  it  seems  that  the  final  calculation  was  hardly  necessary.     Where 
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an    estimate    only    is    required,  the   preliminary    calculation   would 
certainly  be  ample. 

The  calculations  of  weight  give: 

For  Case  1 115  000  lbs. 

For  Case  II 109  000  " 

This  gives  a  saving  in  weight  of  5\%  in  favor  of  the  two-hinged 
arch.  A  variation  of  75°  in  temperature  would  have  lessened  the 
difference  considerably,  but  the  two-hinged  arch  would  still  have 
been  lighter. 

While  it  is  hardly  allowable  to  draw  general  conclusions  from  the 
consideration  of  a  special  case,  it  can  be  said  that  where  an  arch  of 
this  form  (spandrel-braced)  is  suitable,  the  two-hinged  arch  is  lighter 
than  the  three-hinged  arch;  it  is  also  cheaper  to  construct,  as  there  is 
no  center  pin  and  there  are  no  adjustable  members  at  the  center  of 
the  arch.  The  floor  system  of  the  two-hinged  arch  would  also  be  more 
simple  than  that  of  the  three-hinged  arch,  for  the  great  range  of 
height  of  the  center-pin  of  the  three-hinged  arch,  due  to  temperature 
and  live-load  stresses,  makes  a  troublesome  break  in  the  floor  system 
at  this  point. 

When  spandrel-braced  arches  are  used  in  series,  supported  on 
intermediate  masonry  piers,  the  two-hinged  arch  has  the  advantage 
of  having  less  horizontal  thrust,  and  therefore  requiring  smaller  piers 
than  the  three-hinged  arch.  Great  care  must  be  taken  in  the  con- 
struction of  the  masonry  for  the  two-hinged  arch,  in  order  that  it  may 
not  be  subject  to  even  slight  settlement  or  displacement;  but,  taking 
this  extra  work  into  account,  it  is  believed  that  the  masonry  for  a 
series  of  two-hinged  arches  will  cost  less  than  the  masonry  for  a  series 
of  three-hinged  arches. 
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In  this  paper  will  be  given  the  results  of  some  impact  tests  of  small 
specimens  of  wrought  iron  and  soft  steel.  The  tests  were  made  by  a 
new  method,  under  which  the  specimens  were  broken  by  tensile  stress. 

The  matter  to  be  presented  will  be  given  in  its  natural  order,  begin- 
ning with  a  few  words  on  the  need  of  tests  of  this  character.  The 
theory  of  the  methods  will  then  be  given,  followed  by  a  descrip- 
tion of  the  appliances  used  in  the  tests.  The  results  of  the  experiments 
will  then  be  stated,  and,  lastly,  the  conclusions  that  may  be  drawn 
from  the  observations. 

Now,  as  to  the  need  of  study  on  the  effect  of  impact  on  steel,  if  we 
leave  out  the  engineers,  the  average  man  would  be  found  to  think  that 
the  strength  of  steel  was  its  most  important  quality.  Engineers,  how- 
ever, do  not  take  the  same  view  of  the  matter.  To  give  an  illustration, 
a  well-known  and  experienced  engineer  once  remarked  to  the  author, 
that  in  ordinary  engineering  work  he  cared  but  little  about  the  tensile 
strength  of  the  steel  he  was  to  use,  as   compared  with  the  general 

Note.— These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published  in  a 
subsequent  number  of  Proceedings,  and,  when  finally  closed,  the  papers  with  discussion 
in  full  will  be  published  in  Transactions. 
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reliability  of  the  metal,  i.  e.,  its  uniform  toughness  and  ability  to  with- 
stand shocks  and  distortion. 

This  view  is,  without  doubt,  held  by  the  majority  of  experienced 
engineers.  In  fact,  it  may  be  said,  that  among  engineers  the  import- 
ance of  shock  resistance  is  generally  admitted.  Most  engineers, 
however,  will  be  found  content  with  the  methods  now  in  use  for  deter- 
mining the  shock  resistance  of  steel.  They  will  contend  that  any 
skilful  blacksmith  can  test  a  sample  of  steel  and  say  whether  it  is 
tough  and  reliable  or  not. 

There  is,  on  the  other  hand,  among  engineers  and  scientific  men, 
a  rapidly  growing  feeling  as  to  the  importance  of  impact  tests  of 
structural  materials,  made,  not  with  the  blacksmith's  methods  and 
muscular  sense,  but  in  accordance  with  the  stricter  rules  of  experi- 
mental science.  No  argument  is  needed,  then,  to  show  that  at  this 
time  studies  of  the  effect  of  impact  on  steel  are  quite  in  order,  and  that 
the  first  step  is  to  seek  a  satisfactory  method  of  testing  steel.  The 
hope  of  finding  a  method  which  would  be  in  advance  of  present 
practice  has  led  to  the  experiments  herein  given. 

Theokt  of  the  Methods  Used. 

The  following  description,  with  Figs.  1  to  5,  shows  how  the  new 
design  may  be  evolved,  step  by  step,  from  the  old  type  of  impact 
machine. 

Fig.  1  shows  in  outline  the  familiar 
form  of  impact  testing  machine,  where 
the  test  bar  rests  on  two  rigid  sup- 
ports and  is  struck  in  the  middle 
by  a  falling  weight.  Owing  to  the 
rigidity  of  the  knife-edges,  K,  the  ener^ 
absorbed  in  deflecting  the  test  piece  F. 

Suppose,  now,  a  set  of  conditions  where  the  bar  F  is  comparatively 
rigid,  and,  in  place  of  one  of  the  knife- 
edges,  there  is  a  yielding  support  or 
spring  S,  as  shown  in  Fig.  2.  The 
energy  of  the  blow  from  the  falling 
weight  P  will  now  be  absorbed  in  com- 
pressing the  spring  S.  This  will  be 
strictly  true  only  where  the  bar  F  and  the  remaining  knife-edge  K 
are  perfectly  rigid. 


Fig.  1. 
of  the  blow   must   be 


Fig.  2. 
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Fig.  3. 


~ 


Fig.  3  shows  the  same  arrangement,  except  that  the  spring  S 
acts  in  tension  and  is  supported  by  a  bracket  B,  and,  if  the  bar 
F,  the  knife-edge  iTand  the  bracket  B  are  perfectly  rigid,  the  entire 
energy  of  the  blow  from  P  will  be  absorbed  *in  stretching  the 
spring  S. 

In  order  to  lessen  the  strain 
on  the  bar  F  and  on  the  knife- 
edge  K,  the  point  of  application 
of  the  blow  may  be  changed,  as     '■■ 
shown  in  Fig.  4. 

Now,  if  we  substitute  in  place  of  the  spring  S  a  test  bar  of  metal 
we  have  an  impact  testing  machine  which  will  show  the  tensile  resist- 
ance to  impact  of  the  material. 

Let  us  now  make  another  change  in  the  arrangement.  Place 
the  knife-edge  K  vertical  and  substitute 
for  the  falling  weight  a  pendulum  swing- 
ing on  a  horizontal  axis  above  and 
parallel  to  the  fork-bar  F,  so  that  the 
pendulum  P  will  strike  a  horizontal 
blow  on  the  bar  F,  as  shown  in  Fig.  5, 
which  is  a  ground  plan.  Let  the  knife-edge  K  and  the  bracket  B 
rest  against  independent  piers,  so  that,  when  the  specimen  breaks, 
the  fork-bar  F  will  swing  to  one  side  and  allow  the  pendulum  to 
pass. 

With  this  arrangement  the  pendulum  may  be  raised  to  a  given 
height  and  released.  It  will  strike 
the  bar  F,  tear  the  specimen  in  two 
and  rise  after  the  blow  to  a  certain 
height.  The  difference  between  the 
height  through  which  the  pendulum 
fell  and  the  height  to  which  it  rose 
after  the  blow  shows  the  amount  of 
energy  absorbed  in  tearing  the  speci- 
men. Fig.  5  may  be  said  to  show  diagramatically  the  form  of 
machine  used  in  the  experiments  herein  described.  From  the  fore- 
going it  will  be  understood  that  by  this  method  the  specimens  are 
broken  by  direct  tension,  and  hence  the  tests  may  be  called  tensile 
impact  tests. 


Fig.  4. 


Fig.  5. 
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The  Testing  Machine. 

The  testing  machine  used  in  the  experiments  has  been  partly 
described  and  illustrated  in  the  Transactions  of  this  Society.*  The 
original  machine  was  devised  by  the  author  for  making  transverse  tests 
by  impact.  The  attachments  by  which  tensile  impact  tests  could  be 
made  were  also  devised  by  the  author.  Mr.  William  F.  Sehaefer 
rendered  valuable  assistance  in  the  execution  of  the  scheme.  The 
attachments  for  tensile  tests  were  made  in  March,  1898.  Figs.  6  and  7 
show  the  form  and  some  of  the  details  of  a  new  testing  machine  now 
being  built  for  the  St.  Louis  Water-Works  Extension.  In  principle, 
the  two  machines  are  alike. 

The  new  machine  will  have  a  pendulum  or  hammer  of  forged  steel, 
rectangular  in  form  and  weighing  about  200  lbs.  It  will  hang  on  a 
L_ 
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horizontal  shaft  resting  in  ball  bearings.  The  striking  edge  of  the 
pendulum  and  the  fixed  knife-edge  will  be  of  tempered  tool  steel. 

The  machine  will  be  set  up  in  a  basement  room,  and  the  concrete 
anvil-block  will  abut  against  a  stone  cellar  wall,  below  the  level  of  the 
earth  outside.  By  this  arrangement  the  pendulum  will  swing  clear 
of  the  floor  of  the  room,  and  everything  will  be  quite  accessible  and 
convenient.  Plate  VII  shows  the  frame  and  mechanism  as  assembled 
in  the  shop. 

Fig.  8  gives  the  dimensions  of  the  lighter  fork-bar  used.  One  of 
the  fork -bars  was  made  of  machinery  steel  with  faces  of  tool  steel 
welded  on  at  all  bearings.  These  faces  were  tempered  and  then  ground 
true.  The  other  fork -bar  was  made  of  tool  steel  throughotit,  and  tem- 
pered and  ground  at  the  bearings. 

*  "  Experiments  with  a  New  Machine  for  Testing  Materials  by  Impact."  By  S. 
Bent  Russell,  M.  Am.  Soc.  C.  E.     Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxix,  p.  237. 
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The  bracket  used  is  of  east  iron.  It  is  very  heavy  and  rigid  and  is 
provided  with  a  slotted  plate  of  tempered  steel.  This  plate  receives 
the  T-head  of  the  specimen,  and  all  bearing  surfaces  are  ground  true. 
There  is  a  small  shelf  on  the  face  side  of  the  bracket  which  supports 
the  fork  end  of  the  fork-bar  when  in  position  for  a  test.  The  other  end 
of  the  fork-bar  is  held  up  by  an  adjustable  support.  When  in  position 
the  axis  of  the  fork-bar  is  on  a  level  with  the  center  of  percussion  of 
the  pendulum. 

The  7-2  by  4-in.  bracket,  shown  in  Fig.  7,  is  used  to  support  the 
heavy  bracket  while  it  is  being  bolted  to  the  anvil  plate. 

In  Fig.  6  two  arrangements  of  the  machine  are  shown.  The  first- 
is  for  transverse  impact  tests,  where  two  knife-edges  are  used.*  The 
second  is  for  tensile  impact  tests,  where  the  bracket  and  fork-bar  are 
used  with  one  knife-edge  only.  In  Plate  VII  the  parts  are  shown  as 
set  up  for  tensile  tests. 

In  building  these  machines  great  care  is  taken  to  insure  rigid  sup- 
ports. A  solid  concrete  foundation  is  used,  a  heavy  anvil  plate  is 
carefully  bedded  against  the  concrete,  the  seats  of  the  bracket  and 
knife-edge  are  planed  off  true,  and  the  tempered  steel  striking  plates 
are  ground  true  on  the  seat  and  rest  against  scraped  surfaces. 

This  care  is  necessary  in  order  that  there  may  be  no  springing  in 
the  joints  when  the  blow  is  struck.  The  rule  is  that  all  fixed  parts 
must  be  heavy  and  rigid,  and  all  joints  perfectly  fitted  and  firmly 
bolted. 

The  hammer  used  in  the  experiments  weighs  103  lbs.,  or  about  half 
what  the  new  hammer  will  weigh.  The  relative  proportions  of  its 
dimensions  are  the  same  as  in  the  new  hammer. 

It  is  important  that  the  hammer  should  strike  on  its  center  of  per- 
cussion, so  that  there  may  be  no  blow  on  the  trunnions.  Where  the 
hammer  is  of  simple  form,  the  center  of  percussion  is  readily  com- 
puted.! After  the  hammer  is  set  up,  the  center  of  percussion  may  be 
verified  by  timing  the  oscillations,  the  period  of  which  should  be  the 
same  as  that  of  a  simple  pendulum,  whose  length  is  equal  to  the  dis- 
tance from  the  axis  to  the  center  of  percussion.  J 

The  center  of  gravity  of  the  pendulum  or  hammer  is  found  by  trial 

before   mounting,    and,    at   the   same  time,    the   hammer   should   be 

*  Transactions.  Am.  Soc.  C.  E.,  Vol.  xxxix,  p.  237. 

t  Johnson's  "Materials  of  Construction,"  Art.  293. 

X  Rankine's  "  Applied  Mechanics,"  Articles  544  and  607. 
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weighed,  as  the  force  of  the  blow  is  to  be  measured  by  the  fall  of  the 
center  of  gravity  in  inches  and  the  weight  of  the  hammer  in  pounds. 
The  pendulum  is,  of  course,  provided  with  an  attachment  for  reading 
the  height  through  which  the  center  of  gravity  falls.  The  height 
through  which  the  center  of  gravity  rises  after  passing  its  lowest  point 
is  also  showu. 

We  are  now  provided  with  a  machine  for  breaking  specimens  in 
tension  with  a  single  blow.  Before  making  actual  tests,  however,  it  is 
in  order  to  consider  what  results  will  be  obtained.  In  this  paper  the 
resilience  of  a  specimen  will  be  understood  to  mean  its  shock  resistance 
or  stopping  power;  that  is,  the  amount  of  energy  or  work  that  will  be 
required  to  rupture  it.     This  energy  will  be  expressed  in  inch-pounds. 

If  we  raise  the  hammer  2  ins.  and  let  it  fall  so  as  to  break  a 
specimen,  and  the  hammer  rises  to  a  height  of  1  in.  after  breaking  the 
specimen,  we  would  say  that,  as  the  hammer  weighs  103  lbs.,  103  inch- 
pounds  of  energy  have  been  absorbed,  so  that  the  apparent  resilience 
of  the  specimen  is  103  inch-pounds.  The  loss  due  to  friction  in  swing- 
ing is  easily  allowed  for,  therefore  it  may  be  considered  that  there  is 
no  friction. 

In  addition  to  breaking  the  specimen,  there  has  been  energy 
absorbed  in  other  ways.  The  most  important  of  these  are  the  inertia 
and  the  springing  of  the  fork-bar. 

The  Determination  of  Errors. 

Problem:  To  Find  the  Loss  due  to  the  Inertia  of  the  Fork-Bar. — Accord- 
ing to  Hodgkinson,  the  observed  resilience  is  to  the  true  resilience  as 
I  +  W 


W 


when  W  is  the  weight  of  the  hammer  and  I  is  the  inertia  of 


the  test  bar.*     The  problem  is,  then,  to  rind  I. 

To  simplify  the  problem  we  will  assume  that  the 
fork-bar  or  the  bar  to  be  struck  is  a  rectangular 
prism  having  its  axis  or  fixed  point  at  one  end  x, 
Fig.  9,  and  that  it  is  struck  at  the  other  end.  The 
length  of  the  bar  we  will  call  r',  and  we  will  consider 
that  the  thickness  and  width  of  the  bar  are  small 
enough  to  be  neglected,  or,  in  other  words,  that  the 
bar  is  a  straight  line  revolving  about  one  end  and 
having  weight,  but  no  width  or  thickness. 


A-\ 


"<§> 


Fig.  9. 


*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxix,  p.  239. 


362  RUSSELL   OK   IMPACT  TESTS   OF   STEEL.  [Papers. 

Let  Wy  =  the  weight  of  the  bar. 

Let  us  now  substitute,  for  our  rectangular  hammer  striking  on  its 
center  of  percussion,  an  equivalent  simple  pendulum.  Let  b  equal 
the  weight  of  this  simple  pendulum. 

We  now  have  the  case  of  the  familiar  ballistic  pendulum  ;  treating 
the  bar,  whose  length  is  r',  as  the  ballistic  pendulum,  and  the  weight 
b  as  the  projectile  (see  Fig.  9). 

The  formula  for  this  case  will  be  found  in  Kankine's  "Applied 
Mechanics."*     Taking  the  same  notation  as  Eankine: 

Let  v  =  the  velocity  of  the  weight  b  before  striking  ; 

r0  =  the  distance  from  the  axis  x  to  c,  the  center  of  gravity  of 

the  weight  and  bar  together  ; 
TP"  =  the  weight  of  the  ball  b  and  the  bar  together  ; 
I  =  the  length  of  a  simple  pendulum  equivalent  to  the  com- 
bined mass  revolving  about  the  axis  x  ; 

Wr 
B  =  — —2  =  the  portion  of  the  joint  weight  to  be  treated  as  if 

concentrated  at  the  center  of  oscillation,  or  a  distance  / 

from  x  ; 
V  =  velocity  of  the  center  of  oscillation  of  the  joint  mass  at  the 

instant  of  perfect  contact,  when  both  bodies  are  moving 

at  the  same  velocity  ; 
g  =  the  acceleration  due  to  gravity. 

B  V-  _   b  v2     b_r*_ 
2g    ~  2g  '  ~BT>' 
br'2_ 
BP: 

Let  Wx  =the  weight  of  the  bar  alone; 
Let    /'  =  the  moment  of  inertia  of  the  joint  mass  =  (1  Wl  -\-  b)  r'2; 

Let  f?  =  -~  —  the  square  of  the  radius  of  gvration  of  the  joint 
mass  ;  /  =  — .f 


Professor  Eankine  shows  that 
To  find  the  value  of 


Substituting  and  cancelling  out  we  find 
br'2  _  b 


(1) 


*  Article  607,  p.  549.    t  Rankine,  Art.  581. 
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-which  is  the  desired  solution  for  the  case  of  a  hammer  in  the  form  of  a 
simple  pendulum. 

To  get  this  result  in  terms  of  known  properties  of  the  rectangular 

W>   R2  * 

hammer:  b  =  — = — -.* 

Where  W.2  =  weight  of  hammer; 

B2  =  distance   from  axis    of   hammer  to  center  of  gravity  of 
same;  and 
l2  =  distance  from  axis  of  hammer  to  center  of  percussion  of 
same. 
Substituting  in  (1)  we  get: 

br'2  1  B  V2  1 

hence  -= —  =  W2  h 


Bl<  Wxl*    '        ~   2g         ">  Wxk    .....(2) 

"*"  3  W2  B2  ~i~  3  W2R2 

=  effective  energy. 

Where  h  =  the  fall  of  the  center  of  gravity  of  the  hammer. 

Let  W,  h  =  R',  and  --^J^  =  B. 

Then  from  equation  (2) 

R  _     ^  3  W2  B2  _  3B.,^      2_  /+  W 
B  ~  ~^~  V2  W 

W  I 
Where  /  =       l  2  and  TK,  is  written  as  W,  thus  giving  the  value  of 

/in  Hodgkinson's  rule. 

Conclusion. — The  inertia  of  the  fork-bar  may  be  taken  as  one-third 

of  the  weight  of  the  bar  by  the  ratio  ^  ,  or  the  square  of  the  ratio  of 

the  radius  of  the  center  of  percussion  to  the  radius  of  the  center  of 
gravity  of  the  hammer,  f 

This  rule  is,  of  course,  only  approximately  true  for  a  bar  of  the 
shape  actually  used.  The  true  correction  for  the  bar  could  be  found 
by  the  same  line  of  reasoning,  taking  all  the  dimensions  into  account. 

In  the  method  above  given  no  account  is  taken  of  the  deflection  of 
the  fork-bar,  which  is  assumed  to  be  inconsiderable. 

The  rule  may  be  applied  to  one  of  the  fork-bars  used  in  the 
experiments  as  follows  : 

*  Rankine,  Art.  607. 

+  Compare  Merriman's  "  Mechanics  of  Materials,"  Articles  103  and  111. 
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Weight  of  fork-bar  No.  1  =  6.39  lbs. ; 

Weight  of  hammer  =  103  lbs. ; 

R2  =  18  ins. ; 

U  =  25.75  ins. 

aw       ,oo'  W\k      6.39x25.75       _  .._        _         ._      .       . 

As  Wx  =  6.39  ins.,  ~ ~  =  — ~ 1e —  =  3.047  =  I;  or  the  inertia 

o  JX-2  o  X   i-o 

of  the  bar  in  Hodgkinson's  rule  ;  and  as 
w      mo   7+  TF      3.047  +  103       102.96    .  W,h       102.96 

^=103>  ~w-  = — 103-  ~  =  Too-;  hence~iT  =-ioo-  ;or 

the  total  energy  absorbed  is  nearly  3%  greater  than  the  resilience  of 
the  specimen,  the  difference  being  due  to  the  inertia  of  the  fork-bar. 

As  the  error  is  directly  proportional  to  the  weight  of  the  fork-bar, 
we  would  have  with  a  fork  of  half  the  weight  an  error  of  less  than  1| 
per  cent. 

With  any  hammer  of  similar  proportions,  where  the  weight  of  the 
fork-bar  is  less  that  one-tenth  of  the  weight  of  the  hammer,  the  error 
due  to  the  inertia  of  the  fork-bar  will  be  less  than  5  per  cent. 

Problem  :  To  Find  the  Error  due  to  the  Spring  of  the  Fork-Bar. — We 
will  consider  the  fork-bar  as  a  beam  supported  at  the  ends  and  carry- 
ing a  concentrated  load.  We  first  find  the  load  P,  which  is  deter- 
mined by  the  maximum  pull  on  the  specimen  at  SY 
and  the  relative  distances  S2  P  and  P  S\,  Fig.  10.    g 

From  the  dimensions  of  the  beam  and  the  modulus 

Fig.  10. 
of  elasticity  of  the  metal  we  may  find  the  deflection 

y  of  the  beam  at  the  loaded  point.     With  all  dimensions  given,  we  find 

that  by  the  accepted  formulas  the  load  P  is  directly  proportional  to 

the  reaction  Sl  and  the  deflection  y  is  directly  proportional   to   P. 

Hence  y  is  directly  proportional  to  Si  or  y  =  K'  Sl  where  K'  is  constant. 

The  energy  absorbed  in  producing  this  deflection  is 

v._Py    _K"8xy 
K   _~2~_        2        • 

Where  K"  is  constant,  substituting  for  y  we  get  R'  =  K  Sx2. 
Where  K  is  constant,  which  means  that  the  loss  of  energy  in  springing 
the  fork-bar  is  proportional  to  the  square  of  the  maximum  pull  on  the 
test  specimen,  K  may  be  readily  computed  for  given  conditions  by 
well-known  formulas. 

In  this  way  the  value  of  K  for  the  light  bar  used  in  these  experi- 
ments has  been  computed  to  be  equal  to  0.0000001106. 
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With  this  value,  taking  a  specimen  having  an  ultimate  strength  of 
10  000  lbs.  for  example,  we  find  that  the  springing  of  the  bar  will 
absorb  the  energy  :  R'  =  K &\2  =  11.06  lbs.,  where  S\  =  10  000  lbs. 
If  the  supposed  specimen  absorbed  400  inch-pounds  in  breaking,  we 
11.06 


would  have  an  error  of 


100 


2. 76  per  cent. 


This  may  be  considered  an  average  case.  If  the  specimen  should 
have  half  the  strength  and  half  the  resilience  above  given  we  would 
have  half  the  percentage  of  error,  or  1.38  per  cent. 

As  a  stiffer  bar  may  be  used  with  stronger  specimens,  it  would  seem 
that  with  metal  of  ordinary  strength  and  ductility  there  should  be  no 
difficulty  in  keeping  the  proportionate  error  below  5%,  and  that  with- 
out using  so  heavy  a  fork-bar  as  to  involve  a  large  error  from  inertia. 

TABLE  No.  1. — Kesllience  of  Wrought  Iron — Effect  of  Decreas- 
ing the  Weight  of  the  Fork-Bar. 


Kind  of  wrought  iron. 

Resilience  in  Inch-Pounds  per  Square 

Inch  of  Section  at  Nick. 

R2 

Gain,  per  cent. 

With  fork-bar 
weighing  6.39  lbs. 

With  fork-bar 
weighing  3.85  lbs. 

2115 

2  885 

2  165 

3  046 

2.4 

5.5 

3.95 

Note. — All  the  specimens  of  each  metal  were  of  the  same  form  and  dimensions,  and 
were  cut  from  the  same  bar.    Each  value  of  R2  is  the  average  of  six  tests. 

Table  No.  1  gives  the  results  of  experiments  made  to  learn  the 
effect  of  decreasing  the  weight  of  the  fork -bar  when  other  conditions  are 
kept  as  nearly  uniform  as  may  be.  The  results  show  that  the  energy 
absorbed  in  breaking  a  specimen  is  greater  with  the  light  bar.  This 
would  seem  to  indicate  that  the  error  due  to  the  springing  of  the 
fork-bar  is  greater  than  the  error  due  to  the  inertia  effect.  The 
difference,  however,  may  be  due  to  variations  in  the  metal. 

Without  further  investigation,  it  seems  fair  to  presume  that  the 
inherent  errors  of  this  method  of  testing  need  not  exceed  10/^,  or,  in 
other  words,  over  §0%  of  the  blow  should  be  absorbed  by  the  specimen 
itself. 

In  making  comparative  tests  with  the  same  fork-bar,  the  error  due 
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to  inertia  is  of  no  effect.  In  the  results  of  the  experiments  no  correc- 
tion has  been  made  for  either  the  inertia  or  spring  of  the  fork-bar.  It 
is  thought  that,  were  all  the  corrections  made,  the  comparative  values 
would  not  be  changed  materially. 

Pkepaeing  Specimens. 

Taking  up  first  the  design  of  the  specimen  bars,  we  find  that  on 
account  of  the  great  toughness  or  resilience  of  steel,  it  is  necessary 
to  test  but  a  small  volume  of  the  metal.  As  it  is  difficult  to  confine 
the  effect  of  a  blow  to  a  definite  volume  of  metal,  a  nicked  section 
was  adopted,  a  standard  nick  of  simple  form  being  used. 

In  Fig.  8  is  shown  the  dimensions  of  the  specimen  bars  used.  As 
they  are  all  cut  from  flat  sections,  all  the  dimensions  are  constant, 
except  the  thickness  /. 

To  allow  for  the  varying  thickness,  the  resilience  of  a  specimen  is 
divided  by  the  area  of  the  cross-section  at  the  nick,  and  the  result  is 
called  the  resilience  per  square  inch.  The  results  are  believed  to  be 
comparable. 

It  should  be  remembered,  of  course,  that  a  test  specimen  of  dif- 
ferent form  would  not  give  the  same  resilience  per  square  inch.  Ob- 
jection may  be  made  to  the  use  of  any  particular  form  of  nick,  but  it 
is  believed  that  tests  made  with  the  form  adopted  give  a  good  idea  of 
the  quality  of  the  metal.  The  blacksmith  judges  a  bar  of  steel  by 
nicking  it  and  breaking  it  with  his  hammer  and  anvil.  We  are  simply 
improving  on  his  method  by  using  a  nick  made  to  gauge,  and  measur- 
ing the  energy  of  the  blow. 

It  is,  perhaps,  in  order  to  note  here  that  in  the  Transactions*  of  the 
Society  will  be  found  the  results  of  previous  experiments  made  by  the 
author,  in  which  nicked  specimen  bars  of  steel  were  broken  by  a  single 
blow.  In  these  previous  experiments  the  bars  were  broken  trans- 
versely. The  great  range  in  the  values  of  resilience  of  steels  tested  in 
this  manner  led  the  author  to  think  that  transverse  breaking  gave  an 
unfair  advantage  to  the  softer  steels.  Hence,  this  study  of  impact 
tensile  tests  with  nicked  specimens  of  steel. 

The  specimen  bars  used  in  the  experiments  were  cut  to  shape  in  a 
milling  machine,  as  experience  showed  this  to  be  the  best  way  to  secure 
sharp   and  uniform   nicks.     The   milling   cutters   were   ground   in   a 
*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxix,  p.  237. 
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universal  cutter  and  tool  grinder,  so  as  to  secure  a  perfect  cutting 

tool.     A  number  of  specimens  are  usually  cut  together  on  the  milling 

machine. 

Breaking  Specimens. 

The  specimens  are  numbered  and  then  calipered  with  a  micrometer. 

A  specimen  bar  is  then  placed  in  the  bracket  slot  and  the  fork-bar 

adjusted.     The  hammer  is  raised  to  a  given  height  and  released.     It 

falls,  strikes  the  fork -bar  and  breaks  the  specimen.     The   height  to 

which  the  hammer  swings  is  recorded.     The   proper   correction   for 

friction  of  the  hammer  is  noted,  and  the  observer  is  ready  for  another 

specimen.     Table  No.  2  shows  the  form  of  record  kept. 

TABLE  No.  2. — Impact  Test. — Office  of  Water- Works  Extension. 
— St.  Louis,  October  27th,  1898.— Specimen  of  Wrought  Iron 
(Tenn.  Char.)  Taken  from  Iron  Company. — Tested  for  Tensile 
Resilience,  with  Results  herewith  Appended. 

Lot  No.  4.     Weight  of  fork-bar,  3.85  lbs. 
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168.92 

3  179. 

1  113 

n 

2 

1.80 

0.21 

0.03 

0.231 

0.230 

0.05313 

1.56 

160.68 

3  005 

1  114 

n 

3 

1.80 

0.18 

0.03 

0.233 

0.230 

0.05359 

1.59 

164.77 

3  074 

1  115 

n 

4 

1.80 

0.17 

0.03 

0.232 

0.231 

0.05359 

1.60 

164.80 

3  075 

1  116 

B 

5 

1.80 

0.29 

0.03 

0.232 

0.230 

0.05336 

1.48 

152.44 

2  856 

1  117 

B 

6 

1.80 

0.18 

0.03 

0.233 

0.230 

0.05336 

1.59 

164.77 

3  087 

Average 


3  046 


TABLE    No.  3. — Resilience  of   Wrought  Iron  — Effect  of  In- 
creasing the  Initial  Eall  of  the  Hammer. 


Kind  of  wrought  iron. 

Initial  fall  of 

hammer,  in  inches. 

F 

Number  of  tests 
made. 

Resilience,  in  inch- 
pounds  per  square 
inch  of  section  at 
nick. 

R2 

I               2 
X               4 
i                2.5 
\                4.5 

3 
3 
3 
3 

2  524 
2488 
8  549 

3  748 

Note.— All  the  specimens  of  each  metal  were  of  the  same  form  and  dimensions,  and 
were  cut  from  the  same  bar. 
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TABLE   No.   4. — Nicked    Iron    and    Steel    Bars. — Besiuence    per 

Square  Inch. 

Bars  nicked  as  shown  in  Fig.  8. 


o  ® 

O-S 

.S-SSg* 

p4^£ 

o-3 

o 

03 

«Sg3.2 

*i§3 

®  a 

Metal. 

6 

o 

0)  " 

IB 
3-2 

bickne 

plate, 

inches 

t. 

Resilien 
inch-po 
per    sc 
inch  ol 
tion  at 

'■23       fe  " 

c8x5 

,-1 

£ 

& 

H 

pw-S  ft.S 

£^=° 

2 
3 

A 

8 
6 

0.25 
0.25 

7  535 
2  506 

41  500 
55  000 

28.2 

"     Tenn.  common  . 

21.2 

"         "      charcoal . 

4 

A 

6 

0.25 

3  648 

52  500 

87. 5 

"         "            " 

4 

B 

6 

0.25 

2  885 

"         "       common. 

3 

B 

6 

0.25 

2  115 

5 

A 

6 

0.25 

2  176 

50  700 

14.2 

'•           " 

6 

B 

6 

0.31 

3  290 

50  000 

23.1 

"           " 

6 

C 

6 

0.37 

2  140 

52  500 

18.1 

"           " 

fi 

D 

6 

0.44 

1  640 

57  200 

15.6 

"           " 

6 

E 

(5 

0.50 

3  500 

54  800 

19.6 

"           " 

6 

F 

6 

0.56 

2  050 

54  800 

18.4 

"           " 

6 

G 

6 

0.62 

2  030 

52  800 

19.0 

Soft  steel  (plates) 

6 

743 

2 

0.32 

7  657 

53  750 

30.3 

"      "             " 

6 

743 

2 

0.44 

7  600 

54  800 

29.6 

"      "            " 

0 

749 

2 

0.44 

9  028 

57  000 

31.5 

'•      "             " 

6 

7o7 

0 

0.32 

7  645 

56  900 

30.5 

14      "             '■ 

6 

757 

2 

0.44 

6  100 

55  600 

27.7 

"      "       (angles)  ... 

11 

A 

6 

0.32 

7  290 

62  200 

31.0 

'•      "            " 

11 

B 

6 

0.37 

1  550 

54  500 

31.5 

11 

C 

6 

0.50 

2  950 

64  800 

29.1 

*  The  values  in  these  columns  are  the  result  of  one  test  only. 

Table  No.  3  contains  the  results  of  a  few  experiments  made  to 
show  the  effect  of  increasing  the  initial  fall  of  the  hammer.  Appar- 
ently the  effect  is  small  compared  with  the  variations  in  the  metal. 

Table  No.  4  gives  the  values  of  resilience  found  with  a  number  of 
samples  of  wrought  iron  and  soft  steel.  In  the  last  two  columns  are 
given  for  comparison  the  strength  and  ductility  of  each  melt  as  shown 
by  the  ordinary  tensile  tests  with  the  load  applied  gradually.  The 
thickness  t  is  in  all  cases  the  thickness  of  the  plate  or  bar  as  rolled. 

The  steel  of  Lot  No.  G  was  basic  open-hearth  steel.  The  specimens 
were  cut  from  large  plates.  The  tests  showed  very  uniform  material. 
The  steel  of  Lot  No.  11  was  said  to  be  medium  steel,  but  the  tensile 
tests  indicated  that  it  should  be  graded  as  soft  steel.  These  specimens 
were  cut  from  angles  about  3  by  3  ins.  in  size.  These  tests  showed  a 
lack  of  uniformity  in  the  material.  All  the  wrought-iron  specimens 
were  cut  from  bar  iron. 

On  examining  the  values  given  in  Table  No.  4  we  note  that  the 
highest  value  obtained  with  wrought  iron  is  7  535  inch-pounds  per 
square  inch,  with  £-in.  Norway  iron.     The  lowest  value  obtained  with 
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•wrought  iron  of  the  same  thickness  is  2  115  inch-pounds.  Taking  all 
thicknesses  of  wrought  iron  we  get  a  range  of  from  1  640  to  7  535. 

The  highest  test  of  steel  is  over  9  000  inch-pounds  and  the  lowest  is 
1  550  inch-pounds. 

In  Melt  No.  743  we  get  practically  the  same  results  with  metal  of 
different  thicknesses,  while  in  Melt  No.  757  the  thicker  metal  makes  a 
poorer  showing.  This  may  be  due  to  the  thicker  plate  having  been 
finished  in  the  rolls  at  too  great  a  heat. 

A  study  of  all  the  values  given  in  Table  No.  4  indicates  that  the 
resilience  per  square  inch  is  not  proportional  to  the  ultimate  strength, 
nor  to  the  proportionate  elongation,  nor  to  the  product  of  the  two. 
We  note,  too,  that  the  proportionate  range  in  value  is  greater  for  the 
resilience  than  for  either  ultimate  strength  or  elongation. 

Conclusion. 

In  conclusion  we  may  review  the  work  briefly.  The  tests  given 
were  made  by  a  new  method  of  breaking  small  specimens  in  tension  by 
impact.  We  find  that  there  are  two  important  errors  which  may  be 
said  to  be  peculiar  to  the  method  of  testing.  We  find  the  first  of 
these  or  the  error  due  to  inertia,  theoretically  determinate.  We  find 
that  the  second  of  these  errors  or  that  due  to  the  spring  of  the 
fork-bar  is  determinate  to  the  degree  that  the  tensile  strength  of  the 
specimen  is  known.  The  other  errors  in  the  method  are  those 
common  to  all  impact  tests.  We  find  that  the  results  obtained  are 
determined  by  the  form  of  the  specimen,  and  are  hence  only 
comparative. 

We  find  that  the  tests  that  have  been  made  by  this  method 
indicate  that  the  resilience  or  shock  resistance  of  rolled  steel  cannot 
be  predicted  from  the  tensile  strength  and  elongation. 

The  values  obtained  will  of  course  have  but  little  other  meaning 
until  they  have  been  interpreted  by  experience  and  by  further  experi- 
ment. It  is  suggested,  however,  that  in  time,  tests  of  this  sort  may 
become  a  valuable  aid  in  judging  and  recording  the  quality  of 
structural  steel. 
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Subjects  foe  Discussion  : 

"Should  the  use  of  the  Method  of  Wheel-Concentrations  be  discon- 
tinued in  determining  the  Stresses  in  Railroad  Bridges?" 

"In  view  of  present  knowledge  of  the  Effect  of  Repeated  Applications  of 
Load,  should  Fatigue  Formulas  be  used  in  Bridge  Design?" 


By  Messrs.  Gustav  Lindenthal,  Palmes  C.  Ricketts,  W.  A.  Doane, 
George  S.  Moeison,  W.  L.  Cowles,  E.  M.  Scofield,  Henry  B. 
Seaman,  J.  P.  Snow,  Edwin  Thacher  and  J.  A.  L.  Waddell. 


Mr.Lindenthal.  Gustav  Lindenthal,  M.  Am.  Soc.  C.  E. — The  objection  to  the 
method  of  wheel  concentrations  for  finding  the  strains  in  bridge  mem- 
bers does  not  arise  so  much  from  the  greater  labor  of  calculation,  but 
because  the  assumption  of  wheel  loads  as  resting  on  knife-edges  is  a 
false  and  unnecessary  refinement,  for,  in  any  case,  the  rails  and  ties 
intervening  between  the  wheels  and  the  bridge  structure  distribute 
the  concentrated  loads  upon  the  length  of  the  wheel  base.  It  may  be 
correctly  assumed,  for  the  bridge  structure,  that  the  loads  rest  on 
skids,  instead  of  on  wheels;  the  rails  representing  the  skids.  The 
strains  in  the  floor  and  in  the  trusses  are  thus  more  accurately  found, 
for  the  train-load  plus  the  excess  load  of  the  locomotive,  than  by  the 
method  of  wheel  concentrations,  which  should  be  discontinued. 

*The  discussion  of  this  subject,  for  which  no  formal  paper  was  presented,  is  printed 
in  Proceedin<is  in  order  that  the  views  expressed  may  be  brought  before  all  members 
of  the  Society  for  further  discussion.  (See  rules  for  publication,  Proceedings,  Vol. 
xxv,  p.  71.) 

Communications  on  this  subject  received  prior  to  September  23d,  1899,  will  be  printed 
in  a  later  number  of  Proceedings,  and  subsequently  the  whole  discussion  will  be  published 
in  Transactions. 
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There  are  indications  that  the  growth  of  weight  in  locomotives  will  Mr.Lindenthal. 
soon  come  to  an  end;  it  will  be  determined,  not  by  the  strength  of 
rails,  bridges  or  drawbar  heads,  which  can  be  increased  at  will,  but  by 
the  hardness  of  steel  in  wheel  tires  and  rails,  necessary  to  resist  the 
wear  and  tear  of  the  heavy  engines.  It  will  reach  the  limit  when  steel 
in  the  railhead  would  be  crushed,  or,  if  made  still  harder,  would  be  too 
brittle  for  safety.  It  may  be  fairly  assumed  that  120  tons  on  a  wheel 
base  of  15  ft.  is  the  practicable  and  economic  limit  of  weight  concen- 
tration on  railroad  track.  This  represents  a  quiescent  load  of  16  000 
lbs.  per  lineal  foot,  corresponding  to  30  000  lbs.  per  wheel;  or  from 
60  0J0  to  75  000  lbs.  pressure  per  square  inch  on  the  wheel  tire  and 
rail,  which  is  close  to,  or  exceeding,  the  elastic  limit  of  hard  steel. 

Some  rails  have,  indeed,  been  made  of  hard  nickel  steel,  which 
may  safely  resist  greater  pressures,  but  they  cost  about  double  as 
much  as  ordinary  rails.  They  are  used  only  for  the  outside  of  curves, 
and,  therefore,  do  not  determine  ordinary  service  conditions. 

Fatigue  formulas  in  bridge  designing  made  their  first  appearance 
in  American  bridge  specifications  about  fifteen  years  ago,  mostly  in 
the  form  of  the  Laimhardt  and  the  Launhardt-Weyrauch  fqpnulas,  or 
modifications  thereof.  The  previous  practice,  which  is  also  still 
largely  followed  (and  sometimes  combined  with  the  fatigue  formulas) 
consisted  in  the  variations  of  the  unit  stresses  for  different  bridge 
members,  depending  upon  their  position  in  the  bridge,  using  the 
lowest  unit  stresses  in  the  floor  system  and  the  highest  in  the  chord 
members  of  the  trusses.  This  was  done  according  to  the  judgment  of 
the  designing  engineers,  out  of  which  gradually  had  grown  certain 
standards.  The  exploitation  of  the  fatigue  formulas  was  probably 
prompted  by  a  desire  to  bring  the  arbitrary  but  well-founded  stand- 
ards, as  regards  unit  stress,  under  a  uniform  scientific  rule,  although 
that  expectation  was  not  fulfilled. 

As  every  one  knows,  the  formulas  were  deduced  by  Professors 
Launhardt  and  Weyrauch,  who  were  not  themselves  the  experimenters, 
from  certain  tests  for  the  Prussian  Government,  made  by  Wohler  and 
Spangenberg  about  thirty  years  ago.  with  steel  and  iron  bars,  which 
were  subjected  to  rapid  repetitions  and  reversions  of  stress. 

The  formulas  were  regarded  at  the  time  as  examples  of  elegant 
mathematical  reasoning,  and  their  plausibility  won  many  believers. 
Nevertheless,  their  application  to  bridge  designing  is  absurd,  because 
the  conditions  on  which  they  are  based  do  not  obtain  in  bridges.  This 
is  well  recognized  by  European  engineers,  who  rarely,  if  ever,  use  them. 

Wohler  strained  his  iron  and  steel  close  up  to  and  over  the  elastic 
limit  at  the  rate  of  5  to  20  repetitions  per  second.  These  conditions 
may  sometimes  occur  in  machinery,  car  axles,  connecting  rods,  rails, 
and  other  like  structures,  where  the  tensional  and  compressional 
strains  are  nearly  always  the  effect  of  sudden  and  long-continued  inter- 
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Mr.Lindenthal.  mittent  forces,  and  complicated  with  bending-,  shearing,  or  torsional 
strains.  But,  even  for  them,  the  correctness  of  the  formulas  is  open  to 
serious  question  when  the  stresses  are  kept  far  below  the  elastic  limit. 

Steel  rails,  made  of  80  000-lb.  steel,  for  instance,  and  subject  to 
fiber  stresses  from  +  27  000  to  —  27  000,  and  higher,  from  fast  and 
frequent  trains,  are  found  to  be  perfectly  safe.  They  wear  out,  but 
they  do  not  break  down. 

The  strains  in  iron  and  steel  bridges,  however,  are  of  an  entirely 
different  character.  They  are  primarily  static,  and  in  well- designed 
bridges  rarely  exceed  half  the  elastic  limit  of  the  material.  They  are 
not  complicated  with  other  strains,  as  in  machinery  designing;  and, 
moreover,  the  maximum  strains  occur  only  at  long  and  rare  intervals, 
and  in  cumulative  form. 

It  surely  is  not  proven,  that  slow  repetitions  and  reversions  of  stress, 
far  within  the  elastic  limit  of  the  steel  and  iron,  affect  in  any  way  their 
durability.  There  is  not  a  single  authentic  fact  or  experiment  known 
to  support  such  a  contention.  Wohler,  who  was  well  qualified  to 
scientifically  interpret  his  own  tests,  never  made  such  a  claim  himself. 

The  values  of  the  Launhardt-Weyrauch  formulas  agree  with 
Wohler's  tests  only  partially,  within  certain  limitations  of  stress.  But 
there  are  no  facts  and  no  tests  to  prove  their  applicability  to  stresses 
one-half  or  one -third  as  low  as  those  that  Wohler  used.  In  the  nature  of 
things,  such  experiments  cannot  be  made.  How  many  thousand  years 
would  it  take  to  subject  a  steel  bar  of  1  sq.  in.  to  reversions  of  stress 
from  12  000  lbs.  in  tension  to  8  000  lbs.  in  compression,  at  the  rate  of 
one  reversion  per  minute,  and  at  intervals  of  one  hour,  before  it  would 
suffer  in  strength,  if  it  ever  would?  This  is  assuming,  indeed,  a 
higher  strain,  a  quicker  reversion  and  a  shorter  interval  than  actually 
occur  in  the  chords  of  many  existing  cantilever  and  arch  bridges, 
dimensioned  according  to  fatigue  formulas.  The  waste  of  material 
which  they  imply,  particularly  for  members  subject  to  reversion  of 
stress,  is  not  very  important  for  ordinary  spans;  but  for  long-span 
bridges,  where  the  maximum  strains  occur  only  under  extraordinary 
and  rare  conditions,  it  is  a  very  serious  matter,  as  the  bridge  is 
simply  loaded  down  with  useless  material,  adding  to  its  cost,  but  not 
to  its  strength  or  durability.  In  the  speaker's  practice  he  has  never 
used  them,  being  convinced  that  the  old  English  practice,  also  endorsed 
by  Rankine,  of  separating  the  strains  from  dead  and  live  load,  and 
determining  the  cross-section  for  both,  by  using  larger  unit  stresses  for 
the  former,  and  smaller  unit  stresses  for  the  live  load,  and  then  adding 
the  results,  is  founded  on  the  most  rational  basis  thus  far  conceived. 
With  the  great  variations  of  load  conditions  and  material  in  steel 
bridges,  it  is  more  than  doubtful  if  the  judgment,  in  that  respect,  of 
the  experienced  designer  can  ever  be  replaced  in  practice  with  any  one 
or  more  formulas. 
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Palmer  C.  Ricketts,  M.  Am.  Soc.  C.  E. — Some  years  ago  in  discus-  Mr.  Ricketts: 
sing  the  paper  "  Some  Disputed  Points  in  Railway  Bridge  Designing,"* 
the  speaker  predicted  that  the  method  of  wheel  concentrations 
would  be  abandoned  in  a  very  few  years.  It  is  passing  into  disuse, 
and  that  it  has  not  disappeared  long  ago  is  to  be  attributed  rather  to 
the  conservatism  than  to  the  common  sense  of  bridge  engineers.  It 
should  be  abandoned,  not  because  the  calculations  consume  more 
time  and  are  more  difficult  than  by  other  methods,  but  because 
the  method  is  unscientific,  and  its  accuracy  is  only  apparent.  It 
is  irrational  and  unscientific  to  obtain  stresses  by  carrying  to  such 
extremes  calculations  which  take  no  account  of  dynamic  effects, 
while  the  actual  errors  in  design  due  to  ignorance  of  dynamic 
effects  are  probably  many  times  greater  than  those  due  to  differences 
in  methods  of  obtaining  stresses.  In  other  words,  such  calcula- 
tions will  be  unnecessary  refinements  as  long  as  we  have  to  guess 
at  allowed  unit  stresses. 

The  subject  of  fatigue  formulas  and  their  use  in  bridge  design  was 
so  fully  covered  in  the  paper  "  TheLaunhardt  Formula,  and  Railroad 
Bridge  Specifications,'*!  that  it  is  almost  unnecessary  to  discuss  it 
now.  About  80%  of  those  who  took  part  in  that  discussion  were  of 
the  opinion  that  fatigue  formulas  were  wholly  irrational,  and  for  that 
reason  should  not  be  used. 

W.  A.  Doane,  M.  Am.  Soc.  C.  E. — The  stresses  in  the  various  paits  Mr.  Doane. 
of  railway  bridges  can  be  more  easily  calculated,  and  with  fully  as 
close  an  approach  to  the  strains  that  will  actually  exist  in  the  structure 
after  completion,  by  using  the  method  of  uniform  live  loads,  rather 
than  by  taking  certain  live  loads,  which  may  not  obtain  with  one  loco- 
motive out  of  ten. 

The  speaker  is,  therefore,  in  favor  of  assuming  uniform  loads  in 
bridge  design,  the  more  so,  perhaps,  since  the  general  advent  of  80-lb. 
or90-lb.  rails  helps  materially  to  distribute  the  wheel  loads  on  the 
track  stringers,  or  on  the  plate  floor,  as  the  case  may  be. 

George  S.  Morison,  Past-President,  Am.  Soc.  C.  E.— There  is  one  Mr.  Mortaon. 
idea  which  the  speaker  has  thought  over  for  a  good  many  years.  He 
has  always  felt  that  the  use  of  locomotive  wheel-base  concentration 
was  radically  wrong.  That  it  will  give  results  which  are  not  material  1  y 
bad  is  certainly  true,  but  the  principle  of  it  seems  to  be  very  far  from 
what  should  be  followed.  It  is,  .briefly,  that  we  take  a  piece  of  rolling 
stock  of  special  weights  at  special  distances  and  make  that  a  basis 
for  a  structure  which  we  expect  to  last  50  years,  and  which  probably 
will  last  25;  and  yet  that  same  locomotive  will  be  superseded  in  2j 
years. 

*ByJ.  A.  L.  Waddell,  M.  Am.  Soc.  C.  E.,  Transactions,  Am.  Soc.  O.  E.,  Vol.  xxvi. 
p.  T7. 

+  By  Henry  B.  Saaman,  M.  Am.  Soc.  C.  E.,  Transactions,  Am.  Soc.  C.  E..  Vol.  xli. 
p.  140. 
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Mr.  Morison.  The  original  idea  has  been  somewhat  improved  by  using  typical 
locomotives.  The  specifications  of  20  or  25  years  ago  contained  loco- 
motives with  the  weight  on  the  wheels  carried  down  to  the  nearest 
10  lbs.,  and  the  distances  between  wheels  given  to  the  nearest  inch — 
the  speaker  thinks  that  some  of  them  went  to  fractions,  but  trusts 
that  this  was  not  really  the  case.  The  speaker  has  felt  that  this  was 
entirely  wrong,  and  a  good  many  years  ago  he  adopted  a  method 
which  he  has  always  used  in  drawing  his  specifications,  and  which  he 
still  thinks  gives  better  results  than  any  system  of  wheel-base  loads. 

There  is  one  feature  of  the  wheel-base  load  which,  if  drawD  out 
on  a  diagram,  shows  its  defects.  It  does  not  give  a  uniform  line 
gradually  progressing  for  the  varying  length  of  spans,  etc.,  but  a  line 
of  slight  undulations.  Now,  those  undulations  ought,  in  some  way, 
to  be  eliminated,  and  something  should  be  obtained  which  would 
give  a  gradual  rate  of  progression  from  a  very  short  span  up  to  a  span 
of  such  length  that  a  uniform  load  can  be  taken  throughout.  There 
are  really  four  different  things  to  be  provided  in  selecting  the  loads 
for  which  railroad  bridges  are  to  be  proportioned.  They  are:  (1)  a 
heavy  wheel-base  load;  (2)  a  moderate  load  for  greater  lengths;  (3)  a 
gradual  transition  from  the  heavy  wheel-base  load  down  (if  measured 
by  weight)  or  up  (if  measured  by  length)  to  the  lighter  uniform  load; 
(4)  provision  for  an  excess  in  those  members  most  affected  by  moving 
loads. 

To  these,  perhaps,  one  other  should  be  added.  It  is  simply  the 
provision  that  for  extremely  short  spans,  those  less  than  wheel-base 
loads,  provision  should  be  made  for  an  excessive  concentration,  and 
that  load  ought  to  be  very  excessive;  it  has  been  the  speaker's 
practice  to  consider  that  it  was  possible  that  the  whole  20  wheel- 
base  loads  could  be  concentrated  on  two  axles,  or,  perhaps  more 
properly,  that  half  of  it  could  be  concentrated  on  one  axle. 

It  has  also  seemed  expedient  to  have  these  provisions  governed  by 
coefficients  rather  than  by  absolute  amounts,  and  to  adapt  different 
structures  to  loading  of  different  weights,  by  varying  the  unit  load  to 
which  the  coefficients  are  applied. 

In  other  words,  there  should  be  a  table  of  coefficients,  or  a  rule  for 
determining  the  coefficient,  for  each  length  of  span.  Bridges  should  be 
classified  for  the  duty  they  have  to  perform,  and,  by  applying  those 
coefficients  to  the  unit  weight,  the  weight  which  is  to  be  used  in 
calculating  every  length  of  span  could  be  ascertained  at  once. 

Following  this  general  idea,  the  speaker  adopted,  and  this  was 
done  about  1882,  20  ft.  as  the  wheel-base  length  and  120  ft.  as  the 
length  of  two  locomotives.  He  then  adopted,  as  the  uniform  load  for 
120  ft.  and  all  greater  lengths,  a  weight  per  lineal  foot  varying  from 
2  000  to  4  000  lbs.,  according  to  the  class  of  the  structure.  On  the 
wheel-base  length  of  20  ft.  this  unit  load  was  doubled.     The  transition 
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was  effected  by  adding  1%  to  the  uniform  load  for  each  foot  of  length  Mr.  Morison. 
of  structure  less  than  120  ft.,  this  increase  becoming  100%"  at  the 
wheel-base  length  of  20  ft.  Impact  and  irregular  strains  must  be 
provided  for  chiefly  in  those  members  in  which  variations  are  rapid 
and  reversals  are  liable  to  occur,  that  is,  in  the  counter  members  of 
the  web,  and  to  a  varying  extent  in  the  main  members  of  the  web. 
This  extra  provision  was  then  made  by  considering  what  portion  of 
the  strain  in  any  web  member  would  exist  under  a  load  equal  in 
intensity  to  the  moving  load,  but  uniform  throughout  the  span. 
Deducting  this  from  the  maximum  strain  in  such  member  left  a 
remainder  which  varied  from  nothing  at  the  end  of  the  span  to  the  full 
counter  strain  at  the  center,  and  which  might  be  called  the  variable 
effect.  This  variable  effect  was  then  estimated  on  a  basis  of  H  times 
the  regular  moving  load,  and  gave  results  which,  from  their  uniform 
increase  from  the  ends  to  the  center  and  their  general  character,  seemed 
to  conform  with  the  proper  ideas  of  proportioning  a  structure. 

On  this  basis  nearly  every  bridge  the  speaker  has  built  for  the  last 
16  years  has  been  designed.  There  are,  however,  some  defects.  If 
applied  on  the  basis  of  the  length  of  the  span,  the  load  for  the  shearing 
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Fig.  1. 

strains  is  too  low;  if  applied  on  the  basis  of  half  the  length  of  the 
span  the  load  for  the  shearing  strains  is  unnecessarily  high.  It  also 
gives  excessive  results  for  lengths  of  span  midway  between  20  and 
120  ft. ;  that  is,  the  transition  is  made  on  a  straight  line  from  20  to 
120  ft. ,  and  it  should  be  made  on  a  curve.  This  objection  has  led  to 
the  study  of  a  modification  of  this  general  scheme  which  will  be  shown 
in  the  following  pages. 

The  calculations  as  given  are  applied  to  only  one  unit  weight  of 
train,  and  this  has  been  taken  at  5  000  lbs.  per  lineal  foot,  which  is 
believed  to  be  the  highest  unit  weight  now  in  use.  The  result,  how- 
ever, as  obtained,  is  a  series  of  coefficients  which  can  be  applied  to 
any  unit  weight,  which  unit  weight  would  probably,  under  present 
practice,  be  made  to  vary  from  3  000  to  5  000  lbs. 

Take  as  an  illustration  of  a  standard  typical  locomotive  Fig.  1, 
used  in  a  recent  paper  in  the  Transactions  of  this  Society.  This  engine 
measures  57  ft.  between  corresponding  points,  Avhen  coupled  up  in  a 
train  of  locomotives.  The  total  weight  is  276  000  lbs.  This  weight 
has  been  materially  exceeded  by  recent  engines,  the  two  heaviest 
reported  being  a  consolidation  pusher  on  the  Lehigh  Valley  Railroad, 
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Mr.  Morison.  and  a  consolidation  engine  running  on  the  Union  Railway  of  Pitts- 
burg, full  descriptions  of  both  of  which  have  been  given  in  several  of 
the  technical  papers.  The  length  is  somewhat  less  than  that  of  the 
modern  consolidation  engine,  which  is  usually  somewhat  over  60  ft., 
the  total  length  of  the  Lehigh  Valley  engine  being  62  ft.,  and  that  of 
the  Union  Railway  engine  exceeding  65  ft. 

For  purposes  of  simplicity  it  would  seem  advisable  to  adopt  an 
engine  60  ft.  long  and  to  avoid  the  odd  weight  on  the  truck  wheels  and 
irregular  distances  between  wheel  bearings.  These  conditions  are 
met  by  the  engine  shown  in  Fig.  2. 
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Fig.  2. 


It  will  be  observed  that  the  only  changes  from  the  engine  shown  in 
Fig.  1  are  the  addition  of  4  000  lbs.  to  the  truck  wheel  and  an  addition 
of  2  ft.  to  the  distance  between  the  truck  axle  and  the  forward  driving 
axle  and  the  reduction  of  1  ft.  between  the  two  central  tender  axles. 
This  engine  is  GO  ft.  long.  It  weighs  280  000  lbs.,  4  000  lbs.  more  than 
the  other.  Every  one  of  the  weights  is  divisible  by  4  000  and  every 
distance  is  a  multiple  of  5;  and  yet  the  strains  from  this  engine  would 
differ  so  little  from  those  of  the  engine  shown  in  Fig.  1  that  they 
would  not  be  noticed  in  any  structure  that  would  be  built. 
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Fig.  3. 


The  distance  between  the  center  of  gravity  of  the  driving  wheels 
and  the  center  of  gravity  of  all  other  wheels  is  28.5  ft.  A  change  in 
this  dimension  of  1.5  ft.  would  produce  an  engine  in  which  the  distance 
from  the  center  of  gravity  of  the  four  pairs  of  driving  wheels  to  the 
center  of  gravity  of  all  other  wheels  is  half  the  length  of  the  engine. 
It  will  be  observed  that  the  truck  wheels  and  tender  wheels  are  taken 
together  in  determining  the  center  of  gravity.  As  the  weight  carried 
on  the  truck  is  largely  a  matter  of  adjustment,  it  seems  wise  to  elim- 
inate the  truck  wheels  in  a  typical  engine  and  to  add  their  weight  to 
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the  driving  wheels.     If  these  changes  are  made  and  the  total  weight  Mr.  Morison 
of  the  engine  is  increased  to  300  000  lbs.,  or  5  000  lbs.  per  foot,  the 
result  is  the  typical  engine  shown  in  Fig.  3.    This  engine  does  not  differ 
materially  from  that  shown  in  Fig.  4  in  any  of  its  effects  on  a  bridge. 

Fig.  3  is  an  exceedingly  simple  engine  so  far  as  its  weight  on  the 
tracks  is  concerned.  On  each  of  the  four  driving  axles  is  a  weight  of 
50  000  lbs.  On  each  of  the  four  tender  axles  is  a  weight  of  25  000  lbs. . 
or  just  half  that  of  the  driving  axles;  the  center  of  gravity  of  one  set  of 
wheels  is  just  30  ft.  from  the  center  of  gravity  of  the  other  set  of 
wheels,  and  every  distance  is  a  multiple  of  5. 
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Fig.  4. 


Now,  this  engine  does  not  differ  materially,  in  any  of  its  effects  on  a 
bridge,  from  the  engine  shown  in  Fig.  4,  which  is  a  ten-wheel  coupled 
locomotive  with  a  tender  also  having  ten  wheels.  Fig.  4  is  a  peculiar 
engine,  which  has  been  somewhat  used,  but  it  is  put  in  here  siniply 
because,  though  the  nominal  wheel  base  is  a  little  more,  the  actual 
wheel  base  is  practically  the  same,  and  in  the  effects  of  the  two  engines 
on  a  bridge  hardly  any  difference  can  be  found. 

These  engines  do  not  represent  any  now  running,  but  are  typical 
engines  for  use  in  calculation,  and  producing  more  excessive  effects 
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Fig.  5. 


than  engines  of  the  same  weight  built  on  any  of  the  standard  lines. 
Furthermore,  they  are  engines  of  such  form  that  they  can  be  used  very 
easily  in  all  calculations. 

It  will  be  observed  that  the  weight  on  the  driving  wheels  is  exactly 
double  that  on  the  other  wheels,  that  the  two  sets  of  wheels  are 
arranged  in  precisely  the  same  way  around  their  centers  of  gravity,  and 
that  the  distance  between  the  two  centers  of  gravity,  is  half  the  length 
of  the  locomotive,  or  30  ft. 

If  we  substitute  for  the  specially  applied   wheel   load,  a  uniform 
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Mr.  Morison.  load  of  equal  intensity,  of  a  length  equal  to  the  number  of  wheels  mul- 
tiplied by  the  distance  between  their  centers,  we  have  the  results 
shown  in  Fig.  5. 

This  loading  will  also  represent  passenger  locomotives  of  rather 
extraordinary  dimensions.  For  instance,  the  engine  wheel-base  load  of 
200  000  may  be  considered  as  representing  a  locomotive  with  four  driv- 
ing wheels  and  50  000  lbs.  on  each  driving  wheel;  while  it  is  to  be  hoped 
that  no  such  locomotive  will  ever  be  built,  pressures  of  approximately 
50  000  lbs.  per  wheel  now  exist  in  badly  counterbalanced  engines  when 
running  at  excessive  speeds.  That  is  a  thing  which  bridge  specifications 
have  never  taken  into  consideration,  and  which  throws  all  the  ordinary 
refinements  of  wheel-base  loads  out  of  gear.  These  strains,  however, 
do  not  exist  on  all  four  wheels  at  the  same  time;  their  influence  is  felt 
on  single  stringers  of  short  lengths,  but  not  on  complete  spans. 

In  order  to  show  how  closely  this  typical  loading  agrees  with  the 
several  locomotives,  Fig.  6  has  been  prepared,  and  shows  the  bending 
moments  under  the  several  conditions.  This  drawing  is  taken  on  the 
basin  of  a  60-ft.  span  with  the  center  of  the  driving-wheel  base  placed 
at  the  center  of  the  span.  The  moments  of  the  five  different  engines 
and  loadings  which  we  have  been  considering  are  drawn  to  scale. 

Taking  a  moving  load  composed  of  a  continuous  train  of  the  typical 
"_D"  loading  (Fig.  5)  as  a  basis  of  calculation,  Table  No.  1  shows  the 
maximum  shearing  strains  at  the  end  of  the  several  spans  named  under 
such  moving  load,  the  lengths  of  span  varying  by  20  ft. 

TABLE   No.  1. 


Length  of  span.    Feet. 

a 

End  shear  by  typical 
load. 

b 

End  shear  by  uniform 

load  (5  000  lbs.  per 

linear  foot). 

a  -f-  b 
Coefficients. 

20 

100  000 

156  250 

200  000 

250  000 

302  500 

350  000 

400  000 

451  563 

500  000 

550  000 

601  136 

650  000 

700  000 

750  893 

800  000 

850  000 

900  735 

950  000 

1  000  000 

1  050  625 

1  100  000 

1  150  000 

1  200  543 

1  250  000 

1  300  000 

50  000 

100  000 

150  000 

200  000 

250  000 

300  000 

350  000 

400  000 

450  000 

500  000 

550  000 

600  000 

650  000 

700  000 

750  000 

800  000 

850  000 

900  000 

950  000 

1  000  000 

1  050  000 

1  100  OIX) 

1  150  000 

1  200  000 

1  250  000 

2.000 

40 

1.563 

60 

1.333 

80 

1.250 

100 

1 .210 

120 

1.167 

140 

1.113 

160.... 

1.129 

180 

1.111 

200 

1.100 

220 

1.093 

210 

1.083 

260 

1.077 

280. . . . 

1.073 

300. . .                               

1.067 

320 

1.063 

310 

1.059 

360 

1.056 

380...                           

1.053 

400 

1.051 

420 

1.048 

440 

1.045 

460 

1.044 

480 

1.042 

500 

1.040 
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Mr.  Morison.        In  the  same  way  the  bending  moments  in  the  center  of  the  span 
are  given  in  Table  No.  2. 

TABLE  No.  2. 


Length  of  Span.    Feet. 

a 

Moment  by  typical 
load. 

b 

Moment  by  uniform 

load  (5  000  lbs.  per 

linear  foot). 

a\-b 
Coefficients. 

20 

500  000 

1  500  000 

2  750  000 
4  500  000 
6  500  000 
9  000  000 

12  500  000 

16  500  000 

20  750  000 

25  500  000 

30  500  000 

36  000  000 

42  500  000 

49  500  000 

56  750  000 

64  500  000 

72  500  000 

81  000  000 

90  500  000 

100  500  000 

110  750  000 

121  500  000 

132  500  000 

144  000  000 

156  500  000 

250  000 

1  000  000 

2  250  000 
4  000  000 
6  250  000 
9  000  000 

12  250  000 

16  000  000 

20  250  000 

25  OCO  000 

30  250  000 

36  000  000 

42  250  000 

49  000  000 

56  250  000 

64  000  000 

72  250  000 

81  000  000 

90  250  000 

100  000  000 

110  250  000 

121  000  000 

132  250  000 

144  000  000 

156  250  000 

2.000 

40 

1  500 

60 

1  222 

80... 

1.125 

100 

1.010 

120 ..   . 

1.000 

140 

1.025 

160 

1.031 

180 

1.025 

200 

1.020 

220 

1.008 

240...                       

1.000 

260 

1.006 

280 

1.010 

300 

1.009 

320 

1.008 

340 

1.003 

360 

1.000 

380 

1.003 

400 

1 .005 

420...             

1.0045 

440 

1.004 

460 

1.002 

480 

1.000 

500 

1.002 

These  calculations  are  based  on  a  train  consisting  entirely  of 
locomotives,  and  such  trains  are  not  run.  Approximation  to  such 
trains  are  found,  however,  in  mineral  traffic,  in  cars  of  special  char- 
acter. A  car  designed  and  built  by  the  Goodwin  Patent  Gravity 
Dumping  Car  Company  weighs  42  000  lbs. ,  and  is  designed  to  carry 
125  000  lbs.  of  ore,  making  a  total  weight  of  167  000  lbs.  on  a  length  a 
trifle  less  than  36  ft.,  or  very  nearly  5  000  lbs.  per  foot.  In  mineral 
districts  it  would  seem  expedient  to  proportion  bridges  for  weights 
equivalent  to  trains  composed  entirely  of  locomotives.  In  other 
districts  it  may  be  expedient  to  provide  for  only  two  locomotives  and 
to  reduce  the  weight  of  the  following  train  to  something  less  than  the 
locomotive  load.  If  this  reduction  is  arbitrarily  taken  at  25%",  the 
train  load  per  foot  will  be  three-quarters  of  the  locomotive  load  per 
foot.  It  seems  right  to  apply  this  correction  in  the  form  of  a  reduc- 
tion from  a  uniform  load  rather  than  to  make  the  locomotive  an  addi- 
tion to  it.  On  this  basis  Tables  Nos.  3  and  4  have  been  calculated, 
Table  No.  3  showing  the  maximum  shearing  strain  at  the  ends  and 
Table  No.  4  the  maximum  bending  moments  at  the  centers  of  spans, 
caused  by  a  train  consisting  of  two  locomotives  followed  by  a  uniform 
load  of  three-quarters  of  the  average  weight  of  the  locomotives.  It 
will  be  observed  that  these  two  tables  are  identical  with  the  foregoing 
tables  for  all  lengths  under  120  ft. 
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TABLE    No.    3.  Mr.  Morison. 


Length  of  spaa.    Feet. 

a 

End  shear  by  typical 

load. 

b 

End  shear  by  uniform 

load  (5  000  lbs.  per 

lineal  foot). 

a  -f-  b 
Coefficients. 

20 

100  000 
156  250 
200  000 
250  000 
302  500 
350  390 
394  075 
436  230 
477  345 
517  734 
557  590 
596  860 
636  238 
675  165 
713  905 
752  500 
791  000 
829  400 
867  555 
905  740 
943  860 
981  925 
1  019  94C 
1  057  910 
1  095  840 

50  000 

100  000 

150  000 

200  000 

250  000 

300  000 

350  000 

400  000 

450  000 

500  000 

550  000 

600  000 

650  000 

700  000 

750  000 

800  000 

850  000 

900  000 

950  000 

1  000  000 

1  050  000 

1  100  000 

1  150  000 

1  200  000 

1  250  000 

2  000 

40 

1  563 

60 

1  333 

80 

1  250 

100 

1  810 

120... 

1  168 

140 

1  126 

160 

1  090 

180 

1  061 

200 

1  035 

220 

1.014 

240 

0.994 

260 

0.979 

280 

0.964 

300 

0  952 

320 

0.941 

340 

0.931 

360 

0.921 

380 

0.913 

400 

0.906 

420 

0.899 

440 

0.893 

460 

0.889 

480 

0.882 

500 

0.877 

TABLE   No.  4. 


Length  of  span.    Feet. 

a 

Moment  by  typical 
load. 

b 

Moment  by  uniform 

load  (5  000  lbs.  per 

lineal  foot). 

a  -±-b 
Coefficients. 

20 

500  000 

1  500  000 

2  750  000 
4  500  000 
6  523  437 
9  037  500 

12  260  187 
15  718  750 
19  413  437 
23  336  250 
27  490  234 
31  875  000 
36  240  230 
41  583  435 
46  837  500 
52  500  000 
58  687  500 
65  250  000 
72  187  500 
79  500  000 
87  185  500 
95  250  000 
103  687  500 
112  500  000 
121  687  500 

250  000 

1  000  000 

2  250  000 
4  000  000 
6  250  000 
9  000  000 

12  25a 000 
16  000  000 
20  250  000 

35  000  000 
30  250  000 

36  000  000 
42  250  000 
49  000  000 
56  250  000 
64  000  000 
72  250  000 
Ml  000  000 
90  250  000 

100  000  000 
110  250  000 
121  000  000 
132  250  000 
144  000  000 
156  250  000 

2.000 

40 

1.500 

60 

1.222 

80 

1.125 

100 

1.044 

120 

1.004 

140 

1.001 

160 

0.982 

180 

0.959 

200 

0.933 

220 

0.909 

240 

0.885 

260 

0.858 

280 

0.849 

300 

0.833 

320 

0.820 

:W0 

0.812 

360 

0.805 

380 

0.800 

400 

0.795 

420 

0.791 

440 

0.787 

460 

0.784 

480 

0.781 

500 

0.779 

The  coefficients  of  the  four  tables  have  been  plotted  on  Fig.  7. 
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Mr.  Morison.  If  these  coefficients  have  to  be  calculated  for  every  position  of 
loading,  there  is  no  advantage  in  their  use;  furthermore,  the  coefficients 
of  Table  No.  2  show  a  series  of  maxima  and  minima  which  ought  to  be 
eliminated.  To  obviate  these  difficulties  a  few  simple  rules  are 
proposed  for  fixing  coefficients  for  every  length  of  span;  the  coeffi- 
cients, as  determined  by  these  rules  will,  in  almost  all  cases,  be 
slightly  in  excess  of  the  calculated  coefficients.  The  coefficients,  as 
determined  by  these  rules,  are  plotted  as  full  lines  in  Fig.  7. 

Rule  1. — Bending  Moments.  Uniform  Locomotive  Load. — Coefficient 
for  220  ft.,  and  all  greater  spans,  1.  Increase  this  coefficient  by 
one-tenth  of  1%  (0.001)  for  each  foot  of  decrease  of  length  down  to  120 
ft.,  makiDg  the  coefficient  for  120  ft.  1.10.  Increase  this  by  one-third 
of  1%  (0.0033)  for  each  ft.  down  to  60  ft.,  making  the  coefficient  for 
60  ft.  1.3.  Increase  by  1.75%  (0  0175)  for  each  foot  down  to  20  ft., 
making  the  coefficient  for  20  ft.  2. 

Rule  2. — Bending  Momenta.  Two  Locomotives  Followed  by  Train. — 
Coefficient  for  360  ft.  and  all  greater  spans,  0.8.  Increase  this  coeffi- 
cient by  one-eighth  of  1%  (0.00125)  for  each  foot  of  decrease  of  length 
down  to  120  ft.,  making  the  coefficient  for  120  ft.  1.1.  Increase 
by  one-third  of  1%  (0.0033),  for  each  foot  down  to  60  ft.,  making  the 
coefficient  for  60  ft.  1.3.  Increase  by  1.75%  (0.0175),  for  each  foot 
down  to  20  ft. ,  making  the  coefficient  for  20  ft.  2. 

Rule  3. — Sheaving  Strains.  Uniform  Locomotive  Load. — Coefficient 
for  420  ft.  and  all  greater  spans,  1.05.  Increase  this  coefficient  by  one- 
fortieth  of  1%  (0.00025),  for  each  foot  of  decrease  of  length  down  to  220 
ft.,  making  the  coefficient  for  220  ft.  1.1.  Increase  by  one-tenth  of  1% 
(0. 001),  for  each  foot  down  to  120  ft. ,  making  the  coefficient  for  120  ft.  1.  2. 
Increase  by  one-sixth  of  1%  (0.00167),  for  each  foot  down  to  60  ft., 
making  the  coefficient  for  60  ft.  1.3.  Increase  by  1.75%  (0.0175),  for 
each  foot  down  to  20  ft.,  making  the  coefficient  for  20  ft.  2. 

Rule  4. — Shearing  Strains.  Two  Locomotives  in  Train  Load.  —Coeffi- 
cient for  360  ft.  and  all  greater  spans,  0.9.  Increase  this  coefficient  by 
one-eighth  of  1%  (0.00125),  for  each  foot  of  decrease  of  length  down  to 
120  ft.,  making  the  coefficient  for  120  ft.,  1.2.  Increase  by  one- sixth 
of  1%  (0.10167),  for  each  foot  down  to  60  ft.,  making  the  coefficient  for 
60ft,,  1.3.  Increase  by  1.75%  (0.0175),  for  each  foot  down  to  20  ft., 
making  the  coefficient  for  20  ft. ,  2. 

These  rules  are  designed  principally  as  a  means  of  carrying  easily  and 
in  compact  shape  these  coefficients  so  that  they  can  be  handled  quickly, 
without  tabulation.  A  better  method,  however,  would  be  to  draw  a  curve 
governed  by  the  different  points  which  are  used  in  the  calculations,  and 
then  determine  the  coefficient  for  each  foot  of  length  from  that  curve. 
The  speaker  has  endeavored  to  find  some  curve,  with  a  simple  formula, 
which  might  be  used  in  this  way,  but,  so  far,  he  has  not  succeeded. 
Perhaps  some  other  member  of  the  Society  may  be  more  fortunate. 
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Mr.  Cowles.  W.  L.  Cowles,  M.  Am.  Soc.  C.  E. — The  admirable  paper  entitled 
"General  Criterion  for  Position  of  Loads  causing  Maximum  Stresses 
in  any  Member  of  a  Bridge  Truss,"  presented  by  L.  M.  Hoskins, 
Esq. ,  affords  an  interesting  mathematical  treatment  of  the  problem, 
and  is  a  valuable  contribution  to  the  theoretical  literature  on  this 
subject. 

The  speaker  desires,  however,  at  the  present  time,  to  discuss 
briefly  the  necessity  for  rinding  this  position,  rather  than  the  method 
of  accomplishing  the  object. 

Such  a  discussion  naturally  merges  with  the  discussion  of  concen- 
trated vermis  uniform  loads,  for  the  main  object  to  be  finally  attained 
is  the  determination  of  the  maximum  stresses  produced  in  the 
members  of  a  truss  by  the  application  of  a  load  within  a  satisfactory 
degree  of  accuracy  and  with  the  least  labor  on  the  part  of  the 
computer. 

It  must  be  conceded  that  a  bridge  is  rarely  loaded  with  the  exact 
load  for  which  it  is  designed,  and  in  fixing  upon  the  load  to  be  used 
in  making  the  calculations  it  is  the  object  of  the  engineer  to  specify 
such  a  load,  either  uniform  or  composed  of  concentrated  wheel  loads, 
as  will  produce  stresses  at  least  equal  to,  and  preferably  somewhat 
greater  than  will  ever  be  reached  in  common  practice,  making  due 
allowance  for  any  probable  increase  in  loading  in  the  future.  This 
being  the  case,  it  follows  that  extreme  accuracy  in  the  calculations  is 
not  essential,  and,  given  a  satisfactory  degree  thereof,  the  problem 
reduces  to  a  determination  of  the  simplest  means  of  arriving  at  the 
results  sought. 

For  ease  and  quickness  of  computation  it  is  beyond  doubt  that  a 
uniform  load  is  preferable,  and  the  speaker  is  in  favor  of  the  adoption 
of  such  loads,  if  the  railroad  engineers  can  be  induced  to  specify  them 
when  requesting  propositions  for  bridge  work.  Notwithstanding, 
however,  the  extended  discussion  of  this  subject  by  the  members  of 
this  Society,  and  the  offers  which  have  been  made  of  tables  indicating 
equivalent  loads,  a  comparison  of  the  bridge  specifications  of  the 
railroads  of  the  United  States  proves  that,  with  a  very  few  exceptions, 
the  engineers  of  these  roads  still  prefer  to  specify  a  loading  consisting 
of  a  series  of  concentrated  loads  representing  typical  locomotives 
followed  by  a  uniform  train  load,  and,  in  the  computing  department 
of  a  bridge  works,  it  becomes  necessary  to  take  things  as  they  are 
rather  than  as  they  might  be. 

It  becomes,  then,  an  important  matter  to  determine  the  simplest 
manner  of  preparing  the  stress  sheet  and  especially  within  what  limits 
it  is  necessary  to  determine  the  special  position  of  the  load  which  will 
produce  in  each  member  the  maximum  stress.  With  this  object  in 
view,  the  speaker  has  prepared  comparative  stress  sheets  for  spans  of 
125,  150,  175,  200  and  300  ft.,  based  upon  loading  "  J740"  of  Cooper's 
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Specifications,  the  stresses  being  computed  by  fire  different  methods,  Mr.  Cowles. 
and  has  tabulated  the  results  showing  the  differences  arising  from  the 
use  of  the  respective  methods  (Table  No.  5).  The  basis  of  the 
comparison  is  Method  A,  in  which  the  position  of  the  load  is  shifted, 
in  accordance  with  the  formulas  of  the  author,  so  as  to  produce  the 
maximum  stress  in  each  member.  Method  B  is  based  upon  the  use  of 
a  fixed  series  of  panel  loads  headed  by  the  maximum  floor-beam 
concentration,  progressing  on  the  bridge  a  panel  at  a  time  for  suc- 
cessive shears,  and  covering  the  entire  bridge  for  all  chord  moments. 

The  effect  of  the  small  panel  load  in  advance  of  the  maximum  head 
load  is  disregarded.  Method  Cis  based  upon  a  uniform  load  which 
will  produce  the  same  end  shear  as  Method  A.  Method  D  is  based 
upon  a  uniform  load  which  will  produce  the  same  moment  at  the 
center  as  Method  A".  Method  E  is  based  upon  a  uniform  load  equal 
to  the  following  train  load  with  two  additional  concentrated  loads, 
two  panel  lengths  apart,  which  will  produce  the  same  end  shear  as 
Method  A.  The  quantities  given  are  in  thousands  of  pounds,  and 
represent  shears  not  multiplied  by  the  secant  in  the  case  of  web 
members,  and  chord  stresses  for  a  depth  equal  to  a  panel  length,  that 
is,  not  multiplied  by  the  tangent.  A  uniform  panel  length  of  25  ft. 
was  adopted. 

The  allowable  limit  of  variance  from  the  strictly  correct  stresses 
which  may  be  permitted  for  the  sake  of  simplifying  the  computation 
is  two-fold:  First,  the  percentage  of  deficiency  in  any  member  must 
not  exceed  a  certain  amount;  second,  the  percentage  of  excess  in  the 
total  weight  of  the  structure  must  not  exceed  a  certain  amount,  and 
that  assumption,  for  an  equivalent  load  which  will  result  in  the 
smallest  percentages  of  variance  and  at  the  same  time  afford  a  simple 
means  of  preparing  the  stress  sheet,  is  the  one  which  will  naturally  be 
selected.  An  inspection  of  the  table  will  show  clearly  the  limit  of 
variance  involved  in  each  of  these  methods,  but  in  general  it  may  be 
stated  that  Method  B  gives  the  smallest  percentages,  taking  both 
considerations  into  account.  That  is,  while  Method  C  avoids  deficient 
stresses  in  the  most  important  members,  it  requires  a  larger  excess  of 
total  material;  while  Method  D  results  in  a  reduction  of  total  weight, 
the  deficiencies  in  stresses  are  large;  and  while  Method  E avoids  all 
deficiencies  in  stresses,  the  excess  of  total  weight  is  even  greater  than 
for  Method  G.  The  maximum  deficiency  in  stress  resulting  from  the 
use  of  Method  B  is,  for  a  150-ft.  span,  nothing,  for  a  175-ft.  span  0.1  of 
1%,  for  a  200-ft.  span  2A%  in  one  member  only,  for  a  300-ft.  span  1.8%; 
while  the  excess  of  total  weight  is,  for  the  same  spans,  respectively, 
0.8,  0.7,  0.4  of  1%  and  less  than  0.1  of  1  per  cent. 

The  permissible  limit  of  variance  is  a  matter  which  each  engineer 
will  fix  for  himself  in  accordance  with  his  own  sense  of  propriety,  but 
it  seems  to  the  speaker  that  the  percentages  mentioned  for  Method   B 
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Mr.  Cowles.  are  not  excessive,  when  it  is  considered  that  the  assumed  load  itself 
should  be  greater  than  the  probable  actual  load  by  a  margin  at  least 
as  great  as  the  largest  of  these  percentages.  It  will  be  remembered 
also  that,  in  the  case  of  a  new  specification  coming  into  a  computer's 
hands,  the  work  involved  in  Method  B  or  its  equivalent,  must  first  be 
done  in  order  to  determine  the  uniform  load  which  may  be  used  in 
Methods  G,  D  or  E,  and  it  is  to  be  noted  that  still  another  uniform 
load  must  be  determined  for  the  floor-beam  moment  and  the  stress  on 
the  hip  vertical.  It  may  be  stated  here  that  in  determining  the 
percentage  of  excess  weight  for  Methods  C  and  B  it  was  assumed  that 
the  stress  on  the  hip  vertical  given  in  the  table  would  not  be  used,  but 
that  this  member  would  be  brought  up  to  proper  size  as  just 
suggested.  The  calculation  for  stringers  would,  of  course,  be  the 
same  for  each  method. 

If  the  engine  excess  for  Method  E  be  determined  by  taking  the 
difference  between  the  actual  engine  weight  and  the  weight  of  a  section 
of  the  following  load  equal  in  length  to  the  length  of  the  engine,  the 
resulting  stresses  and  the  excess  weight  will  be  even  greater  than  given 
in  the  table. 

In  case  a  certain  specification  is  likely  to  be  used  frequently,  and  a 
method  of  uniform  load  is  preferred,  it  is  naturally  advantageous  to 
prepare  a  series  of  uniform  loads,  corresponding  to  different  lengths 
of  spans,  for  use  in  computations;  and  it  cannot  be  contended  that 
this  will  not  effect  a  saving  in  time  after  the  series  is  once  prepared, 
but  the  amount  of  this  saving  is,  in  the  opinion  of  the  speaker,  much 
overestimated  in  discussing  the  relative  merits  of  the  different 
methods.  An  important  factor  affecting  the  simplicity  of  a  computa- 
tion is  the  orderly  and  systematic  arrangement  of  the  mathematical 
work,  and  in  this  matter  each  engineer  will  adopt  such  a  system  as  to 
him  will  seem  the  quickest  and  easiest  to  obtain  the  desired  result. 
The  speaker  has  been  accustomed  to  using  Method  B,  and  the  system 
adopted  by  him,  which  is  doubtless  used  by  others,  affords  a  reason- 
ably quick  process  and  one  which  compares  favorably  with  the  method 
of  uniform  loads.  He  recently  noted  the  time  occupied  in  making 
the  computations  for  the  truss  members  of  a  300-ft.  span  with  hori- 
zontal top  chord  and  having  13  panels,  giving  odd  panel  lengths. 
The  load  used  was  "  Cooper's  E  40."  Having  first  determined  the 
panel  length,  which  must  be  done  in  any  case,  the  panel  loads  were 
determined  in  17  minutes  and  the  complete  shears  and  moments,  ready 
for  multiplying  by  secant  and  tangent,  in  18  minutes  more,  or  35 
minutes  in  all. 

There  does  not  seem  to  be  much  room  here  for  saving  in  time  by 
the  use  of  another  method,  even  if  the  equivalent  uniform  or  excess 
loads  have  already  been  determined. 

There  is  nothing  new  claimed  for  this  method;  in  fact  it  may  be 
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called   old-fashioned,    but  this    comparison    indicates    that   it  gives  Mr.  Cowles. 
reasonably  close  results  and  is  not  laborious  or  slow. 

The  speaker  has  not  had  time  to  make  similar  comparisons  for 
subdivided  or  curved  top  trusses,  but  has  no  reason  to  suspect  that 
the  limits  of  variance  would  be  any  greater  in  these  cases  than  in  those 
investigated,  and  he  therefore  feels  confident  that,  while  railroad 
engineers  retain  a  preference  for  a  type  of  loading  which  they  can 
readily  compare  with  actual  engines  in  use  on  their  lines,  satisfactory 
stress  sheets  may  be  prepared  without  undue  expenditure  of  time  and 
labor.  He  will,  however,  welcome  such  a  change  of  attitude,  on  the 
part  of  these  engineers,  as  will  result  in  a  reduction  in  the  number  of 
varying  loadings  and  admit  of  the  adoption  of  a  limited  number  of 
standard  loads,  preferably  uniform. 

TABLE  No.  5. 
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E.  M.  Scofield,  Assoc.  M.  Am.  Soc.  C.  E. — For  several  years  the  Mr.  Scofleia. 
speaker's  time  has  been  devoted  to  the  designing  of  truss  bridges.  He 
has  used  both  methods  of  calculation,  and  is  not  in  favor  of  the  method 
of  wheel  loads.  For  each  new  engine  loading  it  is  necessary  to  make 
a  moment  table,  which  has  to  be  checked  carefully,  and,  up  to  this 
point,  the  two  methods  are  the  same.  Aside  from  that,  the  speaker 
can  compute  uniform  loads  from  end  shear  and  figure  the  stresses  in 
a  bridge  in  about  one-quarter  to  one-tenth  of  the  time  required  by  the 
exact  wheel-load  method,  thus  saving  much  time  and  largely  avoiding 
danger  from  mistakes. 

By  the  uniform  method,  after  checking  the  end  shear,  all  the  stresses 
in  the  bridge  can  be  found  in  from  15  to  20  minutes,  and  checked 
beyond  all  possibility  of  error.  By  the  wheel-load  method  the  speaker 
has  never  been  able  to  make  the  calculations  and  check  them  in  such 
short  time;  it  generally  takes  from  four  to  ten  times  as  long,  and  then 
does  not  afford  such  a  ready  means  of  checking.  In  fact,  the  speaker 
has  seldom  made  such  calculations  by  wheel  loads  without  making  in 
parallel  columns  similar  calculations  by  uniform  load  as  a  check;  and 
he  finds  that  such  a  method  of  checking  is  more  reliable  than  to  at  tempt 
to  check  a  wheel-load  calculation. 
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Mr.  Scofleld.  In  using  the  wheel-load  method  of  calculation,  the  number  of  man- 
ipulations is  so  great  that  a  man  who  is  figuring  with  various  engines 
and  various  specifications  is  in  great  danger  of  making  mistakes; 
whereas  the  simplicity  of  the  equivalent  uniform-load  method  is  such 
that  the  calculations  can  be  checked  in  a  very  short  time. 

While  there  are  many  different  methods  of  determining  equivalent 
uniform  loads,  that  which  bases  such  loads  on  the  shear  in  the  end 
panel,  is,  in  the  opinion  of  the  speaker,  most  satisfactory  for  truss 
calculations. 

All  engineers  do  not  agree  with  this  view,  but  a  uniform  load  based 
on  the  shear  in  the  end  panel  will  give  stresses  which  are  exact  for  the 
end  post  and  nearly  exact  for  the  first  tie,  the  error  being  always  on 
the  side  of  safety  and  increasing  slowly  toward  the  center  and  being 
greatest  in  the  counters  where  the  tonnage  involved  is  small  and  where 
an  excess  of  metal  is  to  be  commended.  This  method  also  gives  in  the 
chords  a  little  too  much  sectional  area,  but,  judging  from  actual  tests 
of  bottom  chords,  under  everyday  conditions,  a  little  excess  of  metal 
in  those  members  is  likely  to  be  well  placed. 

The  argument  for  exact  wheel-loads  is  altogether  too  refined, 
because  the  engine  specified  may  never  pass  over  the  bridge,  and  the 
variation  due  to  the  use  of  a  uniform  load  will  not  exceed  4%  in  ordi- 
nary cases  and  will  not  be  nearly  so  much  in  most  of  the  members 
where  the  weight  is  concentrated. 

In  the  opinion  of  the  speaker,  it  is  well  that  wheel  loads  be  speci- 
fied simply  because  they  are  more  intelligible,  especially  to  the  buyer. 
A  railroad  engineer  who  is  not  dealing  with  bridges  all  the  time,  or 
the  engineer  whose  time  is  mostly  devoted  to  other  kinds  of  work,  will 
prefer  to  have  wheel  loads  specified  because  they  mean  something 
definite  to  him,  which  the  uniform  load  does  not. 

The  speaker  believes  that,  in  addition  to  specifying  a  typical  engine 
or  an  actual  engine,  with  its  following  load,  a  uniform  load  obtained 
in  a  certain,  definite  way  should  also  be  specified  and  required  to  be 
used  in  making  the  calculations.  The  speaker  would  specify  loads 
based  on  the  center  moment  for  stringers  and  floor  beams  and  on  the 
moment  at  the  quarter  point  for  girders,  and  on  the  shear  in  the  end 
panel  for  trusses.  This  method  would  give  a  better  bridge  and  would 
save  time  in  making  the  calculations,  which  would,  in  the  end,  be  a 
saving  to  the  buyer.  There  are  other  methods  for  obtaining  equiva- 
lent loads  which  are  not  without  merit  and  are  alike  in  being  preferable 
to  the  wheel-load  method.  It  would  be  an  additional  advantage  if  the 
equivalent  loads  for  spans  varying  by  small  intervals  were  given. 
Mr.  Seaman.  Henry  B.  Seaman,  M.  Am.  Soc.  C.  E. — Any  movement  toward  the 
adoption  of  a  train  load  with  a  single  concentration,  instead  of  what  is 
termed  a  "typical"  engine,  but  which  has  really  become  an  equiva- 
lent typical  engine,  should  be  encouraged.     About  fifteen  years  ago  it 
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was  the  custom  to  specify  all  the  vai"ious  types  of  engines  which  Mr.  Seaman, 
might  in  any  way  produce  the  maximum  strain  under  varying  condi- 
tions. Calling  to  mind  especially  the  Pennsylvania  Railroad  Specifi- 
cations, which  were  presented  to  the  Society  about  that  time  by  Joseph 
M.  Wilson,  M.  Am.  Soc.  C.  E.,  three  typical  engines  were  used.  These 
were  truly  typical,  and  represented  very  closely  the  actual  weights  and 
wheel  spacing  of  the  various  types  of  engines  in  use,  such  as  the  con- 
solidation, the  passenger  and  the  switch  engine.  But  as  general  spe- 
cifications were  written  for  adoption  upon  various  roads,  it  was  found 
expedient  to  use  one  engine  diagram  which  would  produce  strains 
approximately  equivalent  to  the  maximum  from  the  three  types.  A 
consolidation  engine  diagram  was  outlined  for  this  purpose,  and  this 
might  properly  be  termed  an  equivalent  typical  engine,  L  e.,  produc- 
ing strains  approximately  equivalent  to  the  three  types  formerly  used. 

Some  ten  years  ago  the  speaker  had  occasion  to  investigate  the 
weights  of  engines  for  C.  W.  Buchholz,  M.  Am.  Soc.  C.  E.,  Chief  Engi- 
neer of  the  Erie  Railroad,  and  the  result  of  this  study  was  given  in  a 
discussion  of  the  paper  on  "  Some  Disputed  Points  in  Railway  Bridge 
Designing."  There  was  no  engine  then  in  use  with  a  weight  on  the 
pony  wheel  exceeding  16  000  lbs. ;  and  the  weights  on  an  axle  of  the 
tender  in  no  case  would  exceed  23  000  lbs.,  with  full  weight  of  water, 
and  with  sides  boarded  up  to  carry  an  extra  heavy  load  of  coal.  To-day 
the  typical  engines,  or  rather  the  eqruvalent  typical  engines,  are  shown 
with  20  000  lbs.  on  the  pony  wheel,  and  in  some  instances  with  26  000 
lbs.  on  each  tender  axle,  which  is  a  variation  of  10  to  25%  from  actual 
conditions.  In  other  words,  we  are  designing  bridges  for  loads  which 
do  not  exist,  and  which  cannot  come  upon  them. 

Mr.  Pegram's  discussions  of  the  papers  "What  is  the  Life  of 
an  Iron  Railroad  Bridge?"  and  "American  Railroad  Bridges,"  as  well 
as  reviews  in  some  of  the  text  books,  indicate  that  a  uniform  train 
load  with  a  single  concentration  may  produce  strains  generally 
within  10%  of  the  engine  specified.  This  would  seem  about  as  close 
as  the  equivalent  typical  engine,  generally  used,  would  come  to  the 
actual  load,  and,  if  so,  much  labor  would  be  saved  by  the  adoption 
of  the  single  concentration  method.  The  question,  therefore,  would 
appear  to  be,  not  whether  the  method  of  wheel  concentration  should 
be  continued,  but  what  equivalent  load  should  be  used?  It  should 
give  results  approximately  equivalent  to  those  obtained  in  practice; 
but  at  the  same  time  the  method  should  be  so  concise  as  to  permit  of 
its  insertion  in  a  specification. 

It  is,  perhaps,  unnecessary  to  discuss  further  the  fatigue  forum  hi. 
The  Launhardt  formula,  which  is  now  used  by  a  number  of  the  larger 
trunk  lines,  is  a  precise  interpretation  of  precise  experiments  which 
are  never  precisely  repeated  in  practice.  A  study  of  these  same 
experiments  indicates  that  if  we  consider  the  destructive  effect  of  live 
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Mr.  Seaman,  strain  as  about  twice  that  of  dead  strain,  we  will  obtain  even  better 
general  results  than  by  the  Launhardt  formula,  and  since  this  general 
ratio  of  2  to  1  has  long  been  adopted  in  the  better  bridge  practice, 
there  is  no  justification  for  the  use  of  the  Launhardt  formula. 
Mr.  Snow.  J.  P.  Snow,  M.  Am.  Soc.  C.  E.  (by  letter). — The  assumptions  that  it 
is  necessary  to  make  on  the  matters  of  typical  loads,  impact,  proper 
unit  strains,  fatigue  formulas,  structural  motion,  personal  predelic- 
tions  as  to  column  formulas,  assessment  of  riveted  members,  proper 
differences  for  soft  and  medium  steel  and  many  other  elements  of 
bridge  design  which  depend  on  the  personal  views  of  the  designer, 
render  any  hair-splitting  nicety  absurd,  either  in  computing  the  strain- 
sheet  or  in  applying  the  various  rules  for  deducing  sections  after  the 
strain-sheet  is  determined. 

The  railroad  official  who  buys  bridges  and  who  does  not  know  how 
to  design  them  must  have  a  method  which  he  can  trust  for  specifying 
what  he  wants,  both  as  to  loading  and  the  translation  of  that  load  into 
the  final  sections  of  the  bridge  members. 

Without  question,  a  definite  engine  loading  is  understood  much 
more  readily  by  such  an  official  than  a  table  or  diagram  of  uniform 
loads;  and  Cooper's  specification  or  some  other  generally  accepted 
one  is  confidently  referred  to  by  him  with  the  supposition  that  it 
gives  a  clear-cut  and  sufficient  set  of  rules  to  guide  all  competing 
bridge  builders  in  translating  the  prescribed  load  into  the  desired 
bridge. 

The  usefulness  of  the  engine  loading  disappears  if  the  bridge  buyer 
designs  his  own  bridges.  The  writer  has  used  the  uniform-load 
method  exclusively  for  the  last  15  years,  both  for  designing  new 
bridges  and  examining  old  ones,  and  finds  it  in  every  way  satisfactory 
and  ample,  in  all  cases,  to  cover  the  whole  ground. 

The  competing  bridge  builders  who  must  prepare  designs  and 
tenders  for  the  various  loadings  and  sjjecifications  offered  have  the 
worst  of  it. 

They  must  find  the  absolute  maximum  strains,  or  the  consulting 
engineer  to  whom  the  tenders  are  referred  will  throw  out  their  plans; 
and  they  must  not  make  such  liberal  assumptions  as  will  cause  them 
to  use  more  metal  than  is  absolutely  needed,  else  their  keener  com- 
petitors will  underbid  them.  It  is  a  case  of  full  and  exact  figuring  to 
the  last  possible  permutation  with  them  on  every  specification  offered, 
and  all  this  with  the  dreary  knowledge  that  not  more  than  one  bid  in 
a  dozen  will  result  in  an  actual  contract. 

Unless  the  bridge  buyers  can  be  brought  to  specify  uniform  loads 
for  their  bridges  it  is  difficult  to  see  how  the  overworked  builders 
can  be  helped.  One  set  of  loads  for  moments  and  another  for  shears, 
as  some  have  recommended,  can  hardly  appeal  to  their  sense  of  con- 
sistency.     A    uniform    load  plus  a  single  rolling  load,  as  many  ad- 
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vocate,  will  not  afford  tbern  much  chance  for  comparison  with  familiar  Mr.  Snow, 
structures  or  train  weights. 

A  single  set  of  uniform  loads  giving  the  same  center  moment  as 
the  maximum  wheel  loads  assumed  serves  as  the  basis  of  all  the 
writer's  computations  and  seems  to  him  to  be  the  simplest  and  most 
easily  comprehended  of  any  that  he  has  seen  advocated.  The  floor- 
beam  load  is,  of  course,  the  panel  length  multiplied  by  the  load  per 
foot  corresponding  to  a  span  equal  to  twice  the  panel  length.  This 
load  is  used  as  a  head  load  in  getting  the  web  shears,  the  following 
panel  loads  being  those  used  for  the  chord  moments.  By  neglecting 
the  partial  load  ahead  of  the  point  under  consideration  an  excessive 
shear  is  obtained,  but  many  good  designers  advocate  this  practice, 
and,  in  the  writer's  opinion,  it  is  justified,  from  the  fact  that  under  a 
fast  moving  train  the  web  members  appear  to  be  much  more  disturbed 
than  the  chords. 

Shear  on  longitudinal  girders  is  obtained  by  using  57%  of  the  total 
live  load  for  the  end  reaction  and  19%"  for  the  center  shear.  Inter- 
mediate shears  are  proportional  to  these.  The  actual  maximum  shear 
produced  by  a  set  of  wheel  loads  expressed  graphically  is  a  flat 
curve;  but  the  straight  line  given  by  the  above  percentages  covers  its 
maximum  points  and  gives  a  small  surplus  at  the  quarter  point  of 
the  span. 

A  system  of  loads  for  all  spans  cannot  be  properly  made  up  from 
a  single  class  of  engines.  Heavy  passenger  engines  with  two  driving 
axles,  or  tank  shifters  on  two  axles  close  together,  must  be  used  for 
spans  of  less  than  20  ft.,  while  consolidation  engines  will  govern  on 
long  spans.  Car  loads  are  so  heavy  at  present  that  the  customary 
legend  of  two  engines  followed  by  a  certain  train  load  may  Avell  be 
abandoned,  and  a  continuous  string  of  typical  engines  used  in  ob- 
taining moments. 

It  appears  to  the  writer  that  if  prominent  bridge  engineers  could 
bring  themselves  to  re-write  their  specifications,  giving  simple  tables 
or  curves  of  the  uniform  loads  per  foot  corresponding  to  various  sets 
of  typical  wheel  concentrations,  and  give  rules  for  using  these  loads 
for  all  cases,  that  the  bridge  buyers  would  quickly  fall  into  line  and 
the  situation  would  be  relieved. 

The  speaker  would  vote  unreservedly  in  favor  of  discontinuing  the 
method  of  wheel-concentrations  in  determining  the  stresses  in  railroad 
bridges. 

Edwin  Thachee,  M.  Am.  Soc.  C.  E.  (by  letter).— The  first  specifica-  Mr  Thachar. 
tion  the  writer  ever  saw  giving  wheel  concentrations  as  a  basis  for  the 
calculation  of  stresses  due  to  live  load  was  issued  by  the  Cincinnati 
Southern  Eailroad  about  25  years  ago.  Previous  to  that  time,  uniform 
loads  had  invariably  been  used  in  calculations;  unit  stresses  being 
varied  arbitrarily  to  suit  length  of  span  and  location  of  member. 
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Mr.  Thacher.  This  specification  gave  a  live-load  diagram  of  two  10-wbeel  engines, 
36  tons  in  12  ft.  and  66  tons  in  50  ft.,  followed  by  1  820  lbs.  per  lineal 
foot.  The  writer  was  tben  employed  as  Assistant  Engineer  for  the 
Louisville  Bridge  and  Iron  Company,  of  Louisville,  Ky.,  of  wbicb  tbe 
late  Albert  Fink,  Past-President,  Am.  Soc.  C.  E.,  was  President.  The 
specification  was  received  by  the  morning's  mail,  together  with  a  letter 
inviting  proposals  for  several  bridges  at  an  early  date. 

The  combined  talent  of  the  office  was  assembled,  and  that  specifi- 
cation was  thoroughly  discussed.  It  was  voted  unanimously  that  the 
specification  was  absurd;  that  an  engine  of  such  weight  had  never 
been  heard  of,  and  would  never  be  used  on  the  Cincinnati  Southern 
Railroad  or  any  other;  that  to  design  bridges  for  such  a  load  was  a 
reckless  waste  of  money,  and  that  to  specify  such  a  load  was  an  out- 
rage. After  this  feeling  bad  had  time  to  cool  off,  it  was  fully  realized 
that  this  load  must  be  used  in  calculations,  and  that  the  estimates  and 
strain  sheets  must  be  prepared  speedily,  and  the  all-important  ques- 
tion was  how  to  do  it.  This  was  before  the  days  of  moment  tables, 
or  moment  diagrams,  and  before  any  investigations  had  appeared 
giving  the  exact  location  of  load  for  the  maximum  stress  in  any 
member. 

Late  in  the  afternoon  of  that  day,  R.  Montfort,  M.  Am.  Soc.  C.  E., 
now  Chief  Engineer  of  the  Louisville  and  Nashville  Railroad,  sug- 
gested a  method  of  calculation  that  was  at  once  adopted,  and  which 
gave  results  near  enough  for  all  practical  purposes.  The  first  driver 
was  placed  over  a  panel  point  and  the  panel  weights  resulting  from 
such  location  were  used  in  the  calculation,  and,  for  double  intersection 
bridges,  in  which  the  stresses  are  somewhat  ambiguous  at  best,  not 
much  improvement  can  be  made  on  that  method  to-day. 

Specifications  giving  wheel  concentrations,  once  introduced,  came 
rapidly  to  the  front,  and  in  a  short  time  all  the  railroads  were  in  line, 
each  with  a  different  kind  of  load,  and  the  bridge  companies  should- 
ered their  burden,  which  they  have  continued  to  carry  ever  since. 

The  writer  has  been  satisfied  for  many  years  past  that  the  method 
of  wheel  concentrations  in  the  calculation  of  bridge  stresses  was  a 
waste  of  time,  and  has  done  what  he  could  to  correct  the  evil.  In  the 
specifications  of  the  Keystone  Bridge  Company  of  1887  and  1890  are 
given  tables  for  equivalent  uniform  loads  for  engines  of  ten  different 
weights,  from  44-ton  narrow  gauge,  to  112-ton  decapod,  and  for  spans 
from  10  ft.  to  300  ft.  in  length.  For  spans  of  70  ft.  and  less  (70  ft.  being 
about  the  maximum  length  of  plate  girders  used  at  that  time)  the 
uniform  loads  are  such  as  will  give  a  maximum  center  moment;  and 
for  spans  of  75  ft.  and  upward,  such  as  will  give  a  maximum  end 
shear.  These  tables  have  been  quite  extensively  used,  and  give  results 
practically  the  same  as  the  wheel  loads,  and  in  one-tenth  the  time.  To 
prepare  a  moment  table  for  a  new  loading  is  some  labor,   but  when 
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once  prepared,  the  equivalent  uniform  load  for  any  span  can  be  found,  Mr.  Thacher. 
by  aid  of  the  slide  rule,  in  a  few  minutes. 

It  was  the  practice  of  the  writer  for  some  years  to  calculate  bridges, 
using  wheel  concentrations,  and  check  by  the  method  of  uniform 
loads,  but  gradually  he  came  to  use  uniform  loads  altogether,  except 
in  special  cases,  generally  confined  to  cases  in  litigation  or  reconstruc- 
tion. 

It  appears  to  the  writer  that  the  railroad  companies  would,  on 
proper  representation,  agree  on  four  or  five  typical  loads,  i-anging 
from  light  to  the  heaviest  in  use,  some  one  of  which  they  would  be 
willing  to  adopt  for  their  bridges.  By  an  expert  bridge  engineer  these 
could  soon  be  tabulated  for  convenient  use,  giving  the  moments  and 
shears  required  in  girder  calculations,  and  the  equivalent  loads  to  be 
used  in  the  calcitlation  of  trusses,  thus  saving  an  immense  amount  of 
useless  labor  repeated  over  and  over  again.  The  writer  is  satisfied 
that  this  result  will  never  be  accomplished  by  the  efforts  of  any  one 
engineer,  however  meritorious  his  scheme,  but  believes  it  can  be  accom- 
plished by  a  Special  Committee  of  this  Society. 

Few  engineers  believe  that  Launhardt's  formula  should  be  used  in 
designing  bridges  on  account  of  any  fatigue  of  the  material  due  to 
repeated  application  of  load,  but  the  writer  believes  that  a  modifica- 
tion of  this  formula  is  the  best  thing  yet  devised  for  taking  account  of 
impact  in  the  distribution  of  bridge  material. 

The  writer  prefers  the  form,  a  (  1  -f-  M       j.    Cooper's  specification 

/  T    T    \ 

reduces  to  b  -|-  (  1  -j — ^ — -  ) ;  and  both  give  practically  the  same  result. 

It  is  generally  conceded  that  live  load  has  a  worse  effect  on  a  bridge 
than  dead  load,  and  the  above  formulas  assume  that  it  has  double  the 
effect,  but  they  can  be  varied  to  suit  any  ratio  desired,  and  the  results 
are  consistent  with  each  other.  The  writer  could  never  see  any  merit 
in  the  arbitrary  rule-of-thumb  methods  that  will  add  25%  for.  girders 
25  ft.  long,  and  15%  for  girders  25  ft.  1  in.  long;  50%"  to  this  and  10% 
to  that;  and  he  will  continue  to  advocate  the  above  modification  of 
Launhardt's  formula  until  something  better  is  proposed. 

J.  A.  L.  Waddell,  M.  Am.  Soc.  C.  E.  (by  letter).— In  1891  the  Mr.  Waddeii. 
writer  presented  to  this  Society  a  paper  entitled  "Some  Disputed 
Points  in  Kail  way  Bridge  Designing,"*  in  which  he  advocated  the  adop- 
tion of  a  few  standard  train  loads  for  railroad  bridges,  instead  of  the 
numerous  ones  then  in  use,  offering  instead  a  set  of  live  loads  for  dis- 
cussion, and  urging  that  the  "Equivalent  Uniform-Load  Method  "  be 
adopted  instead  of  the  tedious,  burdensome,  hair-splitting  and  heart- 
breaking method  of  "  Wheel  Concentrations." 

The  thorough  discussion  which  this  paper  received,  and  the  favor- 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxvi,  p.  77. 
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Mr.  Waddell.  able  opinions  of  most  of  those  who  discussed  the  questions,  and  of  the 
technical  press,  induced  the  writer  to  carry  farther  his  investigations 
and  to  make  an  earnest  endeavor  to  establish  a  few  standard  live  loads 
and  the  simpler  method  of  computing  stresses. 

The  reviews  in  the  technical  press  started  a  series  of  papers  by  the 
writer  and  others,  Avhich  were  printed  in  the  Railroad  Gazette  and  The 
Engineering  Record. 

These  showed  conclusively  that  the  "Equivalent  Uniform -Load 
Method  "  gives  results  which  are  accurate  enough  for  all  practical 
purposes,  and  which  are  more  accurate  than  those  which  are  obtained 
by  either  the  "Single-Concentration  Method"  or  the  "Double-Con- 
centration Method."  Concerning  the  accuracy  of  this,  there  appears 
to  be  still  some  doubt  in  the  minds  of  a  few  members  of  the  Society, 
as  shown  by  opinions  expressed  in  this  discussion,  so  the  writer  gives 
herewith  certain  tabulated  results  of  computations  made  some  years 
ago  for  the  special  purpose  of  comparing  the  three  alternative  methods 
with  the  so-called  exact  method,  all  tabulated  figures  having  been 
cheeked  by  two  computers  working  entirely  independently  of  each 
other.  The  span  assumed  for  comparison  was  one  of  200  ft.,  which  is 
not  far  from  the  average  span  length  for  truss  bridges  in  America; 
and  the  live-loads  adopted  are  those  of  Classes  Zand  Uoi  the  writer's 
"  Compromise  Standard  System  of  Live  Loads  for  Railroad  Bridges." 

For  trusses,  the  equivalent  uniform  load  used. in  each  case  is  an 
average  of  those  figured  for  each  panel  point.  This,  for  nearly  all 
spans,  is  almost  exactly  the  same  as  the  equivalent  for  the  quarter 
points. 

TABLE  No.  2. — Showing  Percentages  or  Error  in  Moments  at  Cen- 
ters of  Plate- Girder  Spans,  Found  by  Equivalent-Uniform, 
Single-Excess  and  Double-Excess  Systems. 


■a 
0^i 

Class  Z. 

Class  U. 

St 

a. 

Equivalent 
uniform 
system. 

Single-excess 
system. 

Double-excess 
system. 

Equivalent 
uniform 
system. 

Single-excess 
system. 

Double-excess 
system. 

15.... 

none. 

14.0  safety. 

14.0  safety. 

none. 

19.9  safety. 

19.9  safety. 

20.... 

7.8       " 

7.8       " 

" 

11.8       " 

11.8       " 

25. . . . 

4.2 

4.2 

" 

5.3       " 

5.3       " 

30. . . . 

2.1 

72.1 

" 

1.2       '• 

1.2 

35.... 

0.7       " 

0.7       " 

" 

1.3  danger. 

1.3  danger. 

40.... 

0.5 

0.5 

" 

2.3 

2.3 

45..'.. 

0.3 

0.3 

" 

2.8       " 

2.8 

50. . . . 

0.0 

0.0       " 

" 

3.2 

3.2 

60. . . . 

0.4  danger. 

0.4  danger. 

" 

2.7 

2.7       " 

70. . . . 

0.1  safety. 

0.1  safety. 

" 

2.2       " 

2.2       " 

80.... 

0.0       " 

0.0 

" 

1.9 

1.9       " 

90.... 

0.1  danger. 

0.1  danger. 

" 

1.7       " 

1.7 

100... 

0.9       " 

0.9 

1.2        " 

1.2 
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TABLE  No.    3. — Showing   Pekcentages  of  Ebkok  in   End   Shears,  Mr.  Waddell. 
Found    by    Equivalent-Uniform,    Single-Excess,    and    Double- 
Excess  Systems. 


In  these  tables  the  best  possible  showing  was  made  for  both  the 
"Single-Concentration  Method,"  and  the  "Double-Concentration 
Method,"  as  an  inspection  will  show. 

The  single  concentrated  load  for  each  class  was  found  by  ascer- 
taining, for  each  main  diagonal  and  each  chord  section  of  a  150-ft., 
a  300-ft.,  and  a  500-ft.  span,  the  single  concentrated  excess  load, 
which,  in  addition  to  the  uniform  car-load,  would  produce  the  same 
shear  or  moment  as  that  found  by  the  wheel-concentration  method. 
These  excesses  for  each  span  were  then  averaged,  and,  finally,  the 
average  of  these  averages  was  taken  as  the  most  nearly  correct  excess 
load  for  main-truss  members.  The  results  were,  respectively,  for 
Classes  Zand  U,  39  372  lbs.  and  88  368  lbs. 

Next,  the  average  single  concentrations  for  all  plate-girder  spans 
between  20  ft.  and  100  ft.  for  both  classes  were  determined,  and  found 
to  be,  respectively,  24  577  lbs.  and  51  750  lbs.  Now,  as  the  floor 
system  is  quite  as  important  as  the  trusses,  it  was  deemed  proper  to 
average  these  concentrations  with  those  found  for  main-truss  mem- 
bers, in  order  to  determine  the  final  single  concentration  for  each 
class,  thus  making  the  said  final  concentrations,  in  round  numbers, 
32  000  lbs.  for  Class  Z  and  70  000  lbs.  for  Class  U. 

On  applying  these  to  both  floor  systems  and  trusses,  the  errors 
found  were  so  great  as  to  show  conclusively  that  no  single  concentra- 
tion can  be  assumed  which,  combined  with  the  constant  car  load,  will 
give  results  that  even  approximate  to  those  found  by  the  concentrated 
wheel-load  method. 

It  became  necessary,  therefore,  to  adopt  one  concentration  for  the 
floor  system  and  another  for  the  trusses,  in  order  to  make  any  show- 
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Mr.  Wad  dell,  ing  at  all  for  the  system.  For  Class  Z  there  were  used  25  000  lbs.  for 
the  floor  system  and  40  000  lbs.  for  the  trusses,  and  for  Class  Z750  000 
lbs.  and  90  000  lbs.,  respectively.  On  applying  these,  it  was  found 
necessary  to  make  still  another  compromise,  viz.,  to  use  the  truss  con- 
centration in  computing  end  shears  in  plate-girder  spans  and  in  floor 
systems. 

Adopting  these  compromises,  and  making  calculations  thereby, 
gave  the  percentages  of  error  shown  in  Tables  Nos.  1,  2  and  3,  in  the 
columns  headed  "  Single-Excess  system." 

The  double  concentrated  loads  for  the  two  classes  were  found  by 
making  some  extensive  calculations.  These  loads  varied  from  25  000 
lbs.  for  Class  Z  to  50  000  lbs.  for  Class  U.  By  using  these,  the  per- 
centages of  error  in  Tables  Nos.  1,  2  and  3,  under  the  headings 
"Double-Excess  System,"  were  ascertained. 

A  study  of  Table  No.  1  shows  that  the  equivalent  uniform-load 
method  is  much  more  accurate  for  main-truss  members  than  either 
the  single  or  the  double- concentration  method,  and,  referring  to 
Table  No.  2,  it  is  seen  that,  while  the  equivalent-uniform  load  gives 
exact  results  (or  as  nearly  so  as  a  due  consideration  for  regularity  in  the 
curves  will  permit),  both  of  the  other  methods,  especially  for  short 
spans  and  stringers  of  ordinary  length,  give  large  errors,  notwith- 
standing the  fact  that  there  were  adopted  different  concentrations  for 
floor  systems  and  trusses. 

In  order  to  eliminate  entirely  the  personal  equation  from  these 
tables,  Table  No.  4  was  prepared  by  collecting  the  greatest  summa- 
tions of  percentages  of  error  for  both  chords  and  webs,  counters  being 
ignored: 

TABLE  No.    4. — Showing  "Variations  in  Percentages  of  Error,  as 
given  by  Equivalent-Uniform,  Single-Excess  and  Double-Excess 

Systems. 


6c 

Members. 

Class  Z. 

Class  U. 

cS 
ft 

CO 

Equivalent 
uniform 
system. 

Single- 
excess 
system. 

Double- 
excess 
system. 

Equivalent 
uniform 
system. 

Single- 
excess 
system. 

Double- 
excess 
system. 

100. .  -j 
150..  | 
200. .  -J 
250..  { 
300..  | 
400..  | 

Chord  members. 

Web 

Chord 

Web 

Chord 

Web 

Chord 

Web            " 

Chord 

Web 

Chord         " 

Web            " 

4.6 
7.0 
0.2 
4.8 
0.3 
1.9 
0.3 
0.6 
0.8 
0.6 
0.5 
1.0 

5.0 
15.6 
0.2 
12.7 
0.3 
8.9 
0.3 
6.9 
0.8 
5.5 
0.5 
3.8 

7.6 
1.4 
9.1 
1.1 
7.0 
0.9 
5.8 
0.5 
5.0 
0.3 
3.8 

6.7 
6.3 
2.0 
2.5 
1.5 
2.6 
1.3 
2.8 
1.1 
3.5 
0.7 
3.9 

7.5 
18.5 
2.2 
14.4 
1.6 
9.7 
1.4 
7.2 
1.1 
5.6 
0.7 
3.9 

0.4 
6.5 
0.2 
7.7 
0.4 
5.8 
0.3 
4.6 
0.5 
3.8 
0.3 
2.9 
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When  the  extreme  errors  were  of  opposite  kinds,  their  arithrneti-  Mr.  Waddell. 
cal   sum   was   taken,    but  when   they   were  of    the  same  kind   their 
numerical  difference  was  taken. 

A  study  of  Table  No.  4  shows  that,  as  far  as  chord  stresses  are  con- 
cerned, there  is  but  little  to  choose  from  between  the  three  methods, 
but  that,  in  respect  to  web  members,  the  equivalent  uniform-load 
method  is  very  much  more  accurate  than  either  the  single-excess  or 
the  double-excess  method. 

Summarizing,  it  is  evident  that  the  following  have  been  proved: 

1st.  The  equivalent  uniform-load  method,  for  all  bridges  of  types 
sanctioned  by  the  best  modern  practice,  gives  stresses  agreeing 
sufficiently  well  for  all  practical  purposes  with  those  found  by  the 
concentrated  wheel-load  method. 

2d.  That  there  is  no  combination  of  a  constant  car  load  per  lineal 
foot  and  a  single  concentrated  load  which  will  give,  for  all  members 
of  trusses  and  floor  systems,  stresses  which  will  agree  even  approxi- 
mately with  those  found  by  the  concentrated  wheel-load  method. 

3d.  That  even  if  for  any  system  of  loading  two  separate  single 
concentrations  be  adopted,  one  for  floor  systems  and  the  other  for 
main-truss  members,  the  said  single  concentrations  cannot  be  adjusted 
so  as  to  give  results  agreeing  sufficiently  well  for  practical  purposes 
with  those  found  by  the  concentrated  wheel-load  method. 

4th.  That  if  two  engine  excesses  placed  about  50  ft.  apart  at  panel 
points  be  adopted  in  connection  with  a  constant  car  load  per  lineal 
foot,  the  stresses  obtained  thereby  in  members  of  floor  systems  and 
trusses  do  not  agree  sufficiently  well,  for  practical  purposes,  with 
those  obtained  by  the  concentrated  wheel-load  method. 

Now,  on  the  strength  of  this  showing,  what  is  the  use  of  talking  any 
more  about  using  a  constant  car  load  per  lineal  foot  headed  by  either  one 
or  two  concentrations?  Either  of  the  last  two  methods  requires,  in 
making  calculations  of  stresses,  fully  double  the  time  and  labor  required 
by  the  equivalent  uniform-load  method,  and  is  by  no  means  as  accurate. 

There  is  no  method  of  computing  live-load  stresses  so  simple  and 
easy  as  that  which  involves  the  use  of  properly  figured  uniform  loads, 
so,  why  not  adopt  it  for  good  and  all,  if  we  are  to  abandon  in  future 
the  use  of  the  "Wheel-Concentration  Method  "  ? 

And  surely  the  time  has  come  to  abandon  the  latter  method 
forever,  if  one  may  judge  by  the  unanimous  opinion  of  those  who 
took  part  in  the  oral  discussion  of  the  question. 

In  respect  to  Mr.  Morison's  proposed  method,  it  must  be  evident 
to  all  that  instead  of  simplifying  matters  it  would  complicate  them 
worse  than  ever. 

The  objections  which  railroad  engineers  offer  to  using  live  load- 
which  they  cannot  understand  readily,  and  which,  at  least  in  their 
minds,  do  not  approximate  actual  train  loads,  is  well  founded. 
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Mr.  Waddell.  Let  each  railroad  engineer  -who  desires  to  have  a  bridge  designed 
choose  a  combination  of  two  locomotives  and  a  train  of  cars  of 
indefinite  length  weighing  a  certain  number  of  pounds  per  lineal  foot, 
and,  on  the  same  diagram  upon  which  this  loading  is  drawn  to  scale, 
let  there  be  drawn  also  the  curves  for  equivalent  loads  and  for  end 
shears  in  plate-girder  spans;  and  let  there  be  written  thereon  a  note 
to  the  effect  that  the  curves  are  to  be  used  instead  of  the  actual  wheel 
concentrations. 

But,  instead  of  each  engineer  having  a  live  load  of  bis  own,  why 
not  provide  a  variety  of  live  loads  differing  from  each  other  by  uniform 
gradations  from  which  anyone  can  choose  a  load  to  suit  his  require- 
ments? 

"  In  November,  1892,  the  author  sent  a  circular-letter  to  all  the 
chief  engineers  of  railroads  in  the  United  States  and  Canada  who  were 
members  (in  any  grade)  of  the  American  Society  of  Civil  Engineers, 
and  to  every  other  member  of  that  society  connected  with  or  specially 
interested  in  the  designing,  building  or  operating  of  railroad  bridges. 
This  letter  solicited  a  ballot  on  certain  '  Disputed  Points  in  Railway 
Bridge  Designing,'  foremost  among  which  were  those  of  standard  live 
loads  and  a  simple  equivalent  method  for  computation.  The  number 
of  responses  received  was  as  great  as  could  have  been  expected;  and 
the  result  was  that  about  82%  of  those  who  voted  favored,  and  18%" 
opposed,  the  adoption  of  '  A  Standard  System  of  Live  Loads  for  Bail- 
way  Bridges  '  similar  to  that  proposed  by  the  author.  Eighty-two 
per  cent,  also  of  those  who  voted  were  in  favor  of  abandoning  the 
'  Concentrated  Wheel-Load  Method,'  and  18%  were  in  favor  of  retain- 
ing it.  Of  the  former,  78%  favored  the  '  Equivalent-Uniform  Load 
Method, '  and  22%  were  in  favor  of  either  the  '  Single  '  or  the  '  Double 
Concentration  Method.'  A  number  of  gentlemen  who  responded 
made  valuable  suggestions  in  respect  to  the  standard  system  of  live 
loads  propounded,  and  by  the  aid  of  these  the  author  prepared  a 
proposed  '  Compromise  Standard  System  of  Live  Loads  for  Bailway 
Bridges,'  and  submitted  the  same,  as  before,  for  final  ballot  in  Mav, 
1893. 

' '  The  number  of  replies  received  showed  that  great  interest  was 
taken  in  the  question;  and  the  result  of  the  ballot  was  90%  in  favor 
and  10%  opposed  to  the  proposed  standard. 

"Next  the  pamjjhlet  was  published  and  distributed  quite  generally 
among  those  engineers  interested  in  the  subject  of  bridges,  a  copy 
being  sent  not  only  to  every  one  who  had  replied  to  the  ballots,  but 
also  to  every  railroad  chief  engineer  in  the  United  States,  Canada  and 
Mexico  whose  address  was  given  in  Poor's  Manual.  To  these  chief 
engineers  there  was  also  sent  another  circular-letter  with  a  ballot  that 
read  as  follows: 

"  '  I  {do  no/  agree } to  llse  tne  "Compromise  Standard  System  of 
Live  Loads  for  Bailway  Bridges  "  when  calling  for  bids  on  railroad- 
bridge  work,  or  when  having  plans  prepared  for  railroad  bridges.' 

"  '  I'!  do  not  agree }  *°  specify  that  the  "Equivalent  Uniform-Load 
Method  "  is  to  be  used  in  computing  stresses  in  the  bridges  that  are  to 
be  designed  for  my  road. ' 

"  Over  one  hundred  chief  engineers  thus  addressed  voted  in  favor 
of  both  propositions,  and  very  few  were  opposed." 
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The   Compromise   Standard   System  of  Live  Loads  for  Railroad  Mr.  Waddeil. 
Bridges  has  now  been  in  use  for  six  years,  and  all  who  have  used  it 
and  its  equivalents  endorse  heartily  both  the  loads  themselves  and  the 
equivalent  method  of  calculating  stresses. 

Unfortunately,  locomotives  and  cars  have  both  grown  somewhat 
heavier  since  the  writer's  pamphlet  was  issued,  so  that  it  is  now  neces- 
sary to  add  to  the  live  loads  "  Class  S,"  for  which  the  axle  loads  would 
be  as  follows: 

Pilot  axle 22  000  lbs. 

Driving  axles 43  000  lbs.  each. 

Tender  axles 25  000  lbs.  each. 

Cars 4  400  lbs.  per  lineal  foot. 

Alternative  axle  load,  54  000  lbs.  each,  on  two  axles  only. 

The  equivalent  curves  can  be  drawn  on  the  diagrams  by  eye,  cor- 
rectly enough  for  all  practical  purposes,  by  simply  extending  upward 
the  spacing  of  the  curves. 

There  is  one  point  in  connection  with  all  these  equivalent  curves 
to  wdiich  the  writer  desires  to  call  attention,  viz.,  the  equivalent  loads 
which  they  represent  were  figured  for  cars  preceding  as  well  as  fol- 
lowing the  locomotives,  in  the  case  of  chord  stresses. 

The  writer  desires  also  to  call  attention  to  the  short  method, 
evolved  by  him  some  eight  years  ago,  of  computing  for  any  truss,  by 
one  simple  graphic  diagram  and  by  the  use  of  a  slide  rule,  all  the 
main-member  stresses,  both  direct  and  reverse. 

The  method  is  as  follows : 

Assume  that  there  is  an  upward  reaction  at  one  end  of  the  span 
equal  to  100  000  lbs. ,  caused  by  an  unknown  load  placed  at  the  first 
panel  point  from  the  other  end  of  the  span,  then  find  graphically  the 
stress  in  each  web-member  from  end  to  end  of  span,  caused  by  this 
assumed  upward  reaction.  Then  calculate  the  value  of  the  live-load 
reaction  for  the  maximum  stress  in  each  web-member  by  means  of  the 
slide  rule  and  the  following  formula  and  table  in  which  n  is  the 
number  of  panels  in  the  span,  n'  is  the  number  of  the  panel  point  at 
the  head  of  the  train,  counting  from  the  loaded  end  of  the  span,  and 

C  is  the  coefficient  of  — . 
n 

Live-load  reaction  for  the  head  of  train  at  n'  =  C  X  — . 


c 

n' 

C 

1 

7 

28 

3 

8 

36 

6 

9 

45 

10 

10 

55 

15 

11 

66 

21 

12 

78 

91 

105 
120 
136 
153 
171 


190 
810 
881 
868 

27i ; 

300 
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Mr.  Waddell.         Then,  still  using  the  slide  rule,  find  the  greatest  live-load  stress  in 
each  web-member  by  the  following  equation: 

Stress  required  =  Stress  from  Assumed  Reaction  x 
Actual  Reaction 
Assumed  Reaction 
Where   the  panels  are  divided,   as  in  the  Petit  truss,   and  where 
inclined  sub-posts  are  used,  the  tensile  stress  in  the  upper  half  of  each 
main  diagonal  thus  found  will  have  to  be  corrected  by  subtracting 

therefrom  a  stress  equal  to  -^  Sec.  A,  where  A  is  the  inclination  of  the 

diagonal  to  the  vertical.  But  when  inclined  sub-ties  are  used  instead 
of  inclined  sub-posts,  the  correction  just  referred  to  will  apply  only 
to  the  compressive  stresses  in  the  lower  halves  of  the  main  diagonals. 
The  reason  for  making  this  correction,  as  will  be  at  once  evident  to 
any  one  who  is  accustomed  to  finding  stresses  in  Petit  trusses,  is  that 
the  method  above  outlined  ignores  the  subdivision  of  the  panels  when 
ascertaining  by  graphics  the  stresses  caused  by  the  assumed  upward 
reaction. 

The  writer's  sole  reason  for  again  bringing  forward  this  quick 
method  is  that  he  would  like  bridge  engineers  to  leai'n  to  use  it  and 
thus  save  themselves  from  wasting  much  valuable  time  and  energy, 
as  it  cuts  down  the  work  of  computing  web  stresses  to  a  very  small 
percentage  of  the  amount  usually  expended  thereon. 

In  conclusion,  it  appears  from  the  opinions  advanced  in  the  oral 
discussion,  that  the  time  has  come  to  drop  from  engineering  practice 
and  to  relegate  to  text  books,  where  it  can  still  serve  as  an  excellent 
example  of  mental  gymnastics,  the  pseudo-exact,  laborious  and 
tedious  method  of  Wheel  Concentrations,  and  to  adopt  instead  some 
simpler  methods;  consequently,  the  writer  herewith  proposes  that  the 
"  Compromise  Standard  System  of  Live  Loads  for  Railroad  Bridges  " 
and  the  "  Equivalent  Uniform  Load  Method  "  of  computing  stresses 
be  adopted  by  the  profession  for  general  practice. 
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STREAM   CONTAMINATION    AND  SEWAGE 
PURIFICATION. 

An  Informal  Discussion  at  the  Annual  Convention,  June  28th,  1899.* 


Subjects  for  Discussion: 

(a)  "  Should  Stream  Contamination  by  the  Sewage  of  Cities  be  abso- 

lutely prohibited  by  law?  " 

(b)  "  Should  the  Purification  of  the  Sewage  of  Cities  be  compulsory; 

and  is  this  feasible  for  large  cities?" 

(c)  "  Is  Filtration  the  coming  solution  of  the  Pure-Water  Question 

for  Cities?  " 

By  Messrs.  K.  E.  McMath,  W.  C.  Parmley,  Gardner  S.  Williams, 
Peter  Milne,  Kenneth  Allen,  James  Owen,  Charles  G.  Darrach, 
E.  W.  Harrison,  P.  A.  Maignen,  L.  L.  Tribus,  Palmer  C.  Eicketts 
and  James  S.  Haring. 


E.  E.  McMath,  M.  Am.  Soc.  C.  E. — This  question  has  been  sub-  Mr.  McMath. 
divided  into  three  topics,  the  first  being:  "Should  Stream  Contamina- 
tion by  the  Sewage  of  Cities  be  absolutely  prohibited  by  law  ?" 

This  question  may  be  answered  in  the  affirmative  on  the  ground  of 
the  common-law  principle:  "  Each  must  so  use  his  own  as  not  to  injure 
any  other."  No  individual  can  discharge  filth  or  other  objectionable 
matter  into  a  ditch  or  drain  which  traverses  the  field  of  his  neighbor. 
If  he  attempts  to  do  so  the  court  will  afford  the  injured  party  a 
remedy.     If  a  city,  town  or  village  defiles  a  stream  with  sewage,  the 

*The  discussion  of  this  subject,  for  which  no  formal  paper  was  presented,  is  printed 
in  Proceedings  in  order  that  the  views  expressed  may  be  brought  before  all  members 
of  the  Socie'ty  for  further  discussion.  (See  rules  for  publication.  Proceedings,  vol. 
xxv.  p.  71.) 

Communications  on  this  subject  received  prior  to  September  23d,  18'.Hi.  will  be  printed 
in  a  later  number  of  Proceedings,  and  subsequently  the  whole  discussion  will  be  published 
in  Transactions. 
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Mr.  McMath.  law  is  an  already  existing  remedy,  and  lias  been  applied  in  many  cases 
which  could  be  cited. 

The  presentation  of  this  topic  for  discussion  by  this  Society  does 
not  imply  any  doubt  as  to  this  recognized  law,  but,  perhaps,  is  intended 
to  call  the  attention  of  engineers  to  its  existence  and  to  the  necessity 
for  its  extension  to  questions  which,  in  this  country,  may  arise  between 
the  people  of  adjacent  States,  if  the  denied  stream  is  a  boundary,  or 
passes  from  the  territory  of  one  State  into  that  of  another.  That  is  to 
say,  is  there  not  a  necessity  for  a  general  law  which  will  embrace  all 
States,  and  will  settle  all  questions  which  arise  between  States  ? 

Several  of  the  States  do  exert  their  powers  to  prevent  contamination 
of  streams  by  the  cities  under  their  jurisdiction,  but  there  is,  as  yet, 
no  statutory  provision  to  protect  against  contamination  by  the  sewage 
of  cities  in  other  States.  If,  by  the  indifferent  or  mistaken  policy  of 
one  State,  its  cities,  great  or  small,  are  allowed  to  defile  the  streams, 
must  the  people  of  other  States  suffer  for  lack  of  adequate  remedy  ? 

The  established  law  referred  to  has  not  been  enforced  in  many  cases 
where  the  transgressor  is  a  city,  but  the  transgression  being  for  a  time 
condoned  does  not  establish  a  right  to  transgress  for  all  time.  As  the 
country  increases  in  i^opulation,  the  pollution  of  streams  will  increase 
and  will  quickly  pass  beyond  possible  toleration. 

As  the  speaker  views  the  matter,  a  law  more  imperative  than  any 
statute  should  control  every  engineer  who  has  to  do  with  the  sewerage 
plans  of  cities;  and  he  should  foresee  and  provide  for  the  disposal  of 
sewage  eventually,  if  not  immediately,  in  another  manner  than  by  dis- 
charge in  crude  form  into  streams.  Anything  short  of  this  is  not 
worthy  to  be  called  a  plan  for  a  sewerage  system. 

The  City  of  Chicago  has  for  years  been  preparing  a  channel  for  the 
•  discharge  of  its  sewage  through  its  back  door,  so  that  this  sewage  will 
pass  the  front  doors  of  other  cities,  and  some  of  these  other  cities  are 
not  well  pleased  by  the  prospect,  especially  since  the  demonstration 
that  certain  diseases  are  water  working  and  that  the  pathogenic  bac- 
teria are  tenacious  of  life.  The  topic  under  discussion  would  be  an 
important  one  if  Chicago  did  not  exist,  but  the  Chicago  case  gives 
much  emphasis  to  the  topic  at  the  present  time,  for  it  is  a  scheme  to 
do  permanently,  and  on  a  large  scale,  what  everyone  must  admit  should 
not  be  done  at  all — a  scheme  which  is  to-day  without  an  avowed 
designer  and  almost  without  a  defender. 

There  was  a  time  when  many  believed  that  the  water  of  a  river 
purified  itself.  Others  firmly  believed  that  dilution  to  a  point  beyond 
the  reach  of  refined  chemistry  must  render  such  water  innocuous.  The 
Chicago  scheme  had  its  origin  when  these  beliefs  were  held.  This 
scheme,  involving  the  expenditure  of  more  than  $30  000  000,  has  pro- 
gressed, notwithstanding  the  passing  of  the  faith  upon  which  it  was 
founded,  and  now  the  only  plea  that  is  advanced  for  its  consummation 
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is  the  fact  that  $28  000  000  and  more  have  been  expended  on  it  and  it  Mr.  McMath. 
is  now  too  late  for  objectors  to  state  their  objections. 

This  brings  up  the  consideration  of  the  second  topic:  "  Should  the 
Purification  of  the  Sewage  of  Cities  be  Compulsory ;  and  is  this  feasible 
for  Large  Cities  ?" 

The  answer  to  the  first  part  of  this  proposition  follows  that  given 
for  the  preceding  topic.  If  streams  are  not  to  be  contaminated,  their 
sewage  imist  be  purified;  for  water  is  the  only  known  vehicle  that  can 
carry  the  wastes  of  human  life  and  industry  away  from  our  homes  and 
shops.  That  such  can  be  purified  so  that  the  effluent  may  be  entirely 
unobjectionable  has  been  demonstrated  beyond  occasion  for  further 
discussion.  How  to  do  it,  in  each  case  that  may  arise,  is  the  work  of 
engineers,  to  plan,  execute  and  operate. 

There  is  no  casuistry  in  the  assertion  that  in  this  matter  the  end 
justifies  the  means,  even  when  the  difficulties  surrounding  the  end 
require  large  and  many  means. 

As  to  its  feasibility  for  large  cities  there  are  too  many  old-world 
examples  of  successful  solution  for  American  engineers  to  hesitate  as 
to  the  answer.     It  can  be  done,  and  we  are  the  men  who  can  do  it. 

The  third  topic  comes  in  to  round  out  the  discussion:  "Is  Filtra- 
tion the  coming  solution  of  the  Pure-Water  Question  for  Cities  ?" 

Asked  in  connection  with  the  preceding  topic,  the  question  may  be 
taken  as  a  suggestion  that  the  sufferer  from  sewage  contamination  of 
water  supply  must  protect  himself,  and  thus  relieve  his  up-stream 
neighbor  of  his  obligation. 

To  meet  this  suggestion  it  is  sufficient  to  mention  the  fact  that  the 
sufferers  do  not  all  live  in  cities,  and  are  notable  to  protect  themselves. 
There  are  evils  from  such  contamination  not  measurable  by  the  results 
of  a  bacteriological  examination  for  specific  microbes.  There  is  also  a 
contamination  of  water  by  the  drainage  of  lands  outside  of  cities  that 
sooner  or  later  will  justify  and  even  compel  resort  to  filtration  of  the 
water  supply  of  cities. 

The  doctors  may  say  that  they  can  cure  a  large  percentage  of  cases 
of  diphtheria,  for  instance,  but  the  wise  mother  does  not  expose  her 
children  to  infection  on  the  chance  that  all  cases  in  her  family  will  be 
cured. 

Therefore,  filtration  may  promise  a  remedy  for  defiled  waters,  but 
that  does  not  imply  that  the  filtered  water  would  not  be  better  and 
safer  had  it  not  been  contaminated. 

W.  C.  Pakmley,  M.  Am.  Soc.  C.  E.— The  question  of  stream  pollu-  Mr.  Parmley. 
tion  is  one  that  concerns  almost  every  city.  If  no  pollution  of  the 
water  courses  is  to  be  permitted,  then  all  the  sewage  must  be  purified, 
and  the  question  resolves  itself  into  one  of  expense.  Small  towns,  or 
those  of  larger  size,  which  are  favorably  situated,  may  adopt  some 
method  of  ultimate  treatment  at  comparatively  small  cost,  but  in  the 
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Mr.  Parmley.  case  of  many,  if  not  indeed  most,  of  the  larger  cities,  the  expense 
involved  by  such  treatment  would  be  a  very  great  burden,  if  not 
altogether  out  of  the  question.  Insistence  upon  absolute  freedom 
from  pollution  would  make  the  interception  of  sewage  and  the  overflow 
of  storm  water  an  impossibility. 

The  whole  matter  is  one  in  which  the  ideal  is  set  over  and  against 
the  practicable — the  desirable  but  extremely  difficult  to  attain,  against 
the  less  desirable  but  practically  possible — but  it  is  no  more  important 
that  all  the  water  we  drink  should  be  free  from  impurities  than  that 
the  air  we  breathe  and  the  food  we  eat  should  be  pure  and  wholesome. 
To  insist,  however,  upon  a  high  degree  of  purity  in  a  stream  from 
which  no  drinking  water  is  drawn,  or  at  most  only  stock  water,  is  to 
require  heavy  payment  for  very  small  benefits,  and  many  streams  have 
long  since  ceased  to  furnish  even  the  latter  supply. 

The  only  other  cases  necessary  to  consider  are  those  in  which  the 
odors  arising  from  a  polluted  stream  become  unpleasant  or  harmful, 
or  where  the  sight  of  turbid  or  colored  waters  or  the  refuse  left  by  them 
along  their  banks  is  objectionable  for  aesthetic  or  sentimental  reasons. 
The  sanitary  welfare  of  the  people  within  the  area  affected  is  the  ulti- 
mate and  only  condition  to  be  insisted  upon. 

Even  in  the  earlier  development  of  our  cities  the  natural  drainage 
courses  soon  become  so  polluted  by  local  discharge  that  no  drinking 
supplies  are  likely  to  be  taken  from  them,  and  it  remains  to  be  deter- 
mined whether  the  pollution  that  has  already  occurred  shall  be 
removed  or  not.  As  most  of  this  pollution  is  from  factory  wastes  or 
from  the  washings  of  stables  and  privy  vatdts,  it  is  a  source  of  impuri- 
ties nearly  impossible  to  avoid.  While  the  drainage  area  remains 
suburban,  the  cost  of  adequate  sewerage  would  be  too  expensive  to  be 
borne  by  a  sparse  population  or  an  isolated  manufacturing  company, 
and  when  the  density  of  population  becomes  sufficient  to  make 
thorough  sewerage  possible,  the  soil  and  water-courses  have  already 
become  so  polluted  that  many  years  would  be  required  to  thoroughly 
drain  them.  Even  then,  as  those  who  have  had  experience  will  testify, 
it  is  impossible  to  prevent  entirely  the  clandestine  discharge  of  some 
sewage  into  the  streams.  It  follows,  then,  that  the  smaller  courses 
which  are  not  entirely  taken  into  the  sewerage  system  will  have  a  con- 
siderable degree  of  pollution.  Just  the  percentage  that  may  be  allowed 
is  impossible  to  state,  but  it  is  dependent  on  the  character  of  the 
polluting  matter,  the  climatic  and  many  other  conditions.  It  is  safe 
to  say,  however,  that  no  stream  should  be  permitted  to  become  so  be- 
fouled as  to  give  off  offensive  effluvia  and  gases,  thus  showing  that  it 
contains  a  large  amount  of  putrefying  matter.  Either,  these  streams 
should  be  diverted  into  the  sewers,  or  the  whole  stream  taken  up  in  a 
large  trunk  sewer. 

The  question  of  permitting  storm  water  from  sewers  to  overflow  into 
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water-courses  is  important  in  many  cities.  If  snch  overflows  are  not  Mr  Parmley. 
allowed,  the  cost  of  the  sewers  thus  required,  over  that  where  the 
overflow  system  is  permitted,  becomes  an  item  of  no  mean  proportions. 
The  engineering  department  of  the  City  of  Cleveland  has  at  the  present 
time  a  contention  with  the  Board  of  Park  Commissioners  regarding 
the  overflow  of  storm  water  from  a  sewer  into  a  stream;  and  if  it  is 
finally  settled  that  the  sewer  cannot  be  permitted  to  overflow,  the  cost 
of  the  sewer  will  be  about  $250  000  more  than  if  it  were  constructed 
with  storm-water  overflows.  In  another  instance  the  local  court  has 
issued  a  restraining  order  to  prevent  the  discharge  of  excess  storm- 
water  into  a  stream  which  is  already  highly  polluted.  The  final  settle- 
ment of  the  case  is  of  great  importance,  as  upon  this  decision  will 
depend  other  important  projects  in  the  sewerage  of  that  city.  The 
court  apparently  ignored  the  important  facts  brought  out  in  the  trial, 
viz.,  that  this  overflow  would  not  operate  except  in  case  of  excessively 
heavy  storms  when  the  water  would  be  discharged  for  perhaps  15  or  20 
minutes,  that  these  overflows  would  probably  occur  only  a  few  times 
during  the  season,  that  the  actual  stream  in  time  of  flood  would  be 
nearly  as  impure  as  the  water  overflowed  from  the  sewer,  and  that  even 
if  it  were  not,  the  time  of  maximum  flood  in  the  stream  would  be  after 
the  sewer  had  ceased  to  overflow  and  the  stream  would  continue  to  flow 
with  a  large  volume  for  many  hours  afterward,  thus  washing  away  the 
last  traces  of  any  fancied  pollution. 

If  sewers  are  not  allowed  to  discharge  or  overflow  into  natural  water- 
courses, in  many  instances  the  double  system  of  sewerage  will  become 
an  absolute  necessity.  If  the  sanitary  sewage  be  conveyed  to  a  proper 
outlet  through  separate  sewers  and  all  the  storm-water  is  to  flow  to  the 
natural  drainage  channels,  either  through  storm  sewers  or  directly 
over  the  ground,  the  water  discharged  therefrom  will  usually  be  more 
foul  than  that  which  reaches  them  from  the  storm  overflow  structures 
of  the  combined  sewers.  As  all  engineers  have  probably  noticed,  the 
first  washings  of  the  street  surfaces  are  extremely  foul,  and  by  the 
system  of  overflows  this  foul  water  is  carried  to  the  sewer  outlet  while 
a  portion  of  the  cleaner  washings  that  occur  later  in  the  storm  mixed 
with  the  normal  volume  of  sewage  will  escape  from  the  overflows  into 
the  stream. 

If,  however,  the  contaminating  effect  of  street  water  be  neglected 
and  only  the  effect  of  sewage  from  the  sanitary  flow  be  considered,  and 
if  the  entire  volume  of  dry  weather  flow  in  the  sewer  be  defined  as 
sewage,  in  the  first  case  above  cited  it  was  shown  that  the  maximum 
degree  of  pollution,  that  is,  when  the  sewer  is  just  at  the  point  "I 
overflowing,  is  1  of  sewage  to  about  7  of  street  water,  and  when  the 
structure  is  discharging  its  maximum  volume  of  overflow  the  propor- 
tion is  1  of  sewage  to  30  of  street  water.  Now,  consider  the  degree  of 
pollution  of  the  stream  into  which  this  discharge  is  made  and   the 
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Mr.  Parmley.  proportion  of  pollution  is  much  less  in  proportion  to  the  volume  of 
water  already  flowing  therein. 

It  is  a  matter  of  the  simplest  observation  to  show  that  in  many  cases 
the  water  escaping  from  overflows  in  time  of  storm  is  not  more  foul 
than  that  in  the  swollen  waters  of  the  flowing  stream.  It  being  thus 
impossible  to  prevent  the  pollution  of  small  courses  flowing  through 
thickly  populated  areas,  it  seems  unwise  to  attempt  to  preserve  in 
them  a  greater  degree  of  purity  than  that  required  to  prevent  their 
contaminating  the  surrounding  air,  and  when  they  are  so  short,  or 
their  velocity  of  flow  is  so  rapid,  that  an  outlet  is  reached  at  a  point 
beyond  which  it  is  unnecessary  to  consider  their  impurities,  and 
before  those  impurities  have  had  an  opportunity  to  decompose,  the 
further  expenditure  of  money,  in  order  to  preserve  a  high  degree  of 
purity,  would  be  a  needless  waste. 

The  matter  then  suggests  the  following  conditions  with  their  appro- 
priate treatment: 

1st. — Streams  or  bodies  of  water  from  which  potable  supplies  are 
drawn  should  be  preserved  in  the  purity  required  by  the  most 
advanced  sanitary  science,  and  if  such  purity  can  be  obtained  in  no 
other  way,  the  supply  should  be  properly  purified  before  being  used. 

2d. — Streams  or  ponds  which  have  sluggish  motion  with  consequent 
tendency  to  stagnation  should  be  kept  as  free  as  possible  from  sewage 
pollution  in  order  that  their  emanations  may  be  less  dangerous. 

3d. — Streams  in  which  the  flow  is  so  rapid  or  in  which  the  courses 
are  so  short  that  stagnation  and  decomposition  are  impossible  within 
the  limits  of  time  necessary  to  consider,  may  be  used  advantageously 
for  the  overflow  of  excess  storm  water,  or  as  the  direct  outlet  for  a 
limited  number  of  sewers. 

Gardner  S.  Williams,  Assoc.  M.  Am.  Soc.  C.  E.  —It  would  be 
interesting  to  determine,  if  possible,  where  to  draw  the  line  as  to  the 
limit  of  the  stream  which  is  not  used  as  a  source  of  potable  water. 
Neaidy  all  streams  flow  into  others  or  into  lakes,  and  at  some  point 
drinking  water  is  being  taken  from  them. 

An  interesting  case  came  under  the  speaker's  observation,  while  he 
was  connected  with  the  water  supply  of  Detroit,  Mich.,  which  involved 
the  investigation  of  a  serious  typhoid  epidemic  in  that  city  in  1892. 

Port  Huron  is  situated  at  the  head  of  the  St.  Clair  Eiver  and  at  the 
foot  of  Lake  Huron.  The  distance  by  water  from  Port  Huron  to 
Detroit  is  about  60  miles,  about  18  miles  of  which  is  through  Lake  St. 
Clair,  where  the  current  is  very  slow,  and  which  acts  as  a  monstrous 
settling  basin,  giving  ideal  conditions  for  sedimentation  and  the  conse- 
quent purification  of  the  water.  The  sewage  of  Port  Huron  is 
discharged  into  Black  River,  a  very  sluggish  stream,  which  flows 
through  the  center  of  the  city  and  receives  sewage  from  both  sides. 
The  current  in  Black  River  is  practically  nothing,  except  in  time  of 
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freshet.     No  water  for  potable  purposes  is  taken  from  this  stream,  bat  Mr.  Williams. 

the  Detroit  and  St.    Clair  Rivers  and  Lake  St.  Clair  are  sources  of 

supply. 

In  1890  Congress  decided  to  improve  the  navigation  of  Black  River, 
and  work  thereon  began  in  1891.  Dredging  was  commenced  at  the 
bar  at  the  mouth  of  the  river,  and  was  approaching  that  part  of  the 
river  where  the  principal  sewers  discharge,  when  cold  weather  stopped 
the  work.  On  April  16th,  1892,  work  was  recommenced  at  a  point 
about  300  ft.  below  the  first  bridge,  and  at  that  bridge  two  large 
sewers  discharge  iuto  the  river.  Below  that  bridge  it  is  reported  that 
a  depth  of  12  ft.  was  dredged  through  an  accumulation  of  sewage 
deposits  which  had  been  gathering  there  for  years.  The  inspector's 
records  of  the  dredging  show  that  there  were  excavations  in  such 
material  8  ft.  in  depth.  This  material  was  put  in  dump  scows,  taken 
out  into  the  St.  Clair  River  and  dumped  at  a  point  over  the  Grand 
Trunk  Railroad  tunnel,  or  approximately  60  miles  above  the  intakes 
of  the  Detroit  Water- Works,  which  are  just  below  Lake  St.  Clair,  and 
virtually  at  the  head  of  the  Detroit  River. 

The  record  of  typhoid  fever  in  Detroit  at  that  time  is  interesting. 
There  had  been  some  deaths  from  typhoid  early  in  the  year,  but 
between  May  11th  and  May  28th,  1892,  no  deaths  were  reported.  On 
May  28th  there  was  one  death.  On  June  5th  there  were  four,  and 
during  the  ensuing  25  days  there  were  thirty-seven  deaths  from  typhoid 
fever,  the  population  of  the  city  being  then  about  230  000.  The  death 
rate  from  typhoid  in  that  year  in  Detroit  rose  as  high  as  the  typhoid 
death  rate  of  any  large  American  city,  except  Chicago,  Pittsburg, 
Jersey  City  and  St.  Louis,  in  the  past  ten  years.  There  were  three 
years  in  which  the  death  rate  in  Pittsburg  and  two  in  which  that  of 
Chicago  had  been  higher. 

It  was  somewhat  difficult  to  trace  the  cause  of  this  epidemic,  and 
when  the  speaker  began  his  investigations  he  was  not  aware  of  the 
operations  of  the'  Government  in  Black  River  in  1891  and  1892.  He 
therefore  did  not  look  there  for  the  pollution,  but  began  examining 
the  river  and  studying  rainfall,  the  effect  of  thaws,  the  effect  of  ice  in 
the  river  and  the  character  of  the  water.  None  of  the  ordinary 
methods  of  accounting  for  the  presence  of  typhoid  was  applicable  in 
this  case. 

The  precipitation  during  April  had  been  heavy,  but  it  had  also 
been  heavy  at  many  other  times  when  there  was  no  typhoid.  During 
that  summer  all  the  river  cities  had  typhoid,  and  in  all  cases  the 
disease  appeared  at  about  the  same  time.  At  Port  Huron,  while  there 
had  been  a  tremendous  excess  of  typhoid  late  in  the  fall  of  1892,  then' 
were  only  one  or  two  cases  in  the  spring  of  that  year;  this  pointed 
to  a  cause  at  or  below  Port  Huron. 

Finally,    the   speaker's   attention    was   called   to  the   Government 
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Mr.  Williams,  dredging  operations  and  to  the  place  where  the  material  was  dumped. 
The  flow  of  the  Detroit  River  is  given  as  225  000  cu.  ft.  per  second. 
From  all  available  information  as  to  the  velocity  of  the  water,  it  was 
found  that  it  would  reach  Detroit  in  not  less  than  6  and  would 
probably  require  not  more  than  10  days.  From  a  careful  study  of  the 
statistics  of  typhoid  fever,  as  published  by  various  Boards  of  Health, 
the  conclusion  was  reached  that  the  average  period  of  incubation  was 
14  days.  An  examination  of  the  statistics  as  to  this  disease  showed 
that  death,  when  it  ensues,  ordinarily  occurs  between  the  twenty-first 
and  twenty-eighth  days,  which  would  give  25  days  as  an  average. 
From  April  16th,  the  day  on  which  the  first  scow  load  of  polluting 
material  from  the  sewers  of  Port  Huron  was  dumped  into  the  St.  Clair 
River,  until  June  5th,  when  there  were  four  deaths  from  typhoid  in 
Detroit,  is  50  days.  If  10  days  are  allowed  for  the  water  to  flow,  14 
days  for  the  disease  to  incubate  and  25  days  to  kill,  the  total  is  49 
days. 

The  investigation  was  carried  on  throughout  the  summer  and  the 
curves  of  secondary  and  tertiary  infection  were  studied,  and  finally, 
about  seven  weeks  after  cold  weather  set  in  and  dredging  operations 
were  suspended,  the  typhoid  ceased.  Next  year  the  typhoid  appeared 
again  after  the  dredging  had  commenced,  and  when  it  stopped  the 
disease  disappeared.  These  conditions  have  followed  one  another 
since  that  time,  and  investigations  have  shown  that  they  prevailed  in 
previous  years.  Going  as  far  back  as  1886,  it  was  found  that  typhoid 
appeared  during  those  years  when  dredging  operations  disturbed  the 
channel  of  the  St.  Clair  River  or  Lake  St.  Clair  above  the  intake  of  the 
Detroit  "Water- Works,  even  as  far  away  as  Lake  Huron;  and  the 
relationship  could  be  traced  accurately.  In  one  or  two  years,  when 
there  has  been  no  disturbance  of  this  channel,  Detroit  has  had  a  very 
low  typhoid  death  rate. 

Another  interesting  case  occurred  in  1897,  which  was  a  year  of  very 
low  typhoid  in  Detroit,  the  rate  being  only  1.1  per  10  000  living. 
During  that  year  there  was  only  one  group  of  cases  which  could  be 
considered  as  epidemic,  and  that  came  in  August.  In  two  weeks  there 
were  seven  or  eight  deaths.  In  looking  for  the  cause  it  was  found 
that  the  Government  was  dredging  in  the  Clinton  River.  The  work 
had  been  commenced  some  time  before,  and  the  dredge  had  been 
working  gradually  up  the  river,  the  material  being  dumped  in  Lake 
St.  Clair,  in  what  was  supposed  to  be  stagnant  water,  at  a  point  about 
16  miles  frorn  the  water-works  intake.  At  a  certain  date  the  dredge 
arrived  at  a  bar  in  the  river  just  below  Mount  Clemens,  a  town  which, 
though  not  haviug  a  complete  sewerage  system,  has  a  few  sewers 
discharging  into  the  Clinton  River.  A  computation,  similar  to  that 
previously  described,  showed  that  the  group  of  cases  in  August  was 
due  to  infection  stirred  up  by  these  dredging  operations. 
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These  instances  are  given  for  the  benefit  of  those  who  speak  of  Mr.  Williams. 
streams  which  are  not  used  as  sources  of  water  supply.     There  is  no 
stream  which  is  not  a  source   of    water  supply  for  some    person  or 
community,  and  there  is  no  danger  of  going  too  far  in  the  restriction 
of  the  pollution  of  our  streams. 

Peter  Milne,  Assoc.  Am.  Soc.  C.  E.  —  The  American  Water- Works  Mr.  Milne. 
Association  has  had  the  subject  of  stream  pollution  under  considera- 
tion for  the  past  eight  years.  Judging  from  correspondence  with 
State  Boards  of  Health  and  eminent  medical  authority,  the  speaker  is 
led  to  believe  that  interstate  legislation  will  not  accomplish  the  object 
sought ;  and  that  it  will  be  necessary  to  appeal  to  the  Congress  of  the 
United  States  to  seek  the  enactment  of  national  laws  to  prohibit  the 
pollution  of  water  supplies.  Such  law,  may  of  necessity  guard  riparian 
rights  and  also  protect  the  health  of  the  people  using  the  water  of 
streams  liable  to  be  contaminated  by  sewage  of  every  character. 

A  special  standing  committee  of  the  American  Water-Works  Asso- 
ciation has  nearly  ready  for  publication  a  voluminous  report  upon  this 
subject. 

An  expression  of  opinion  upon  this  important  question  by  this 
Society  will  carry  weight  and  influence  and  be  accorded  the  considera- 
tion due. 

An  example  of  the  manner  in  which  a  community  may  recede 
from  its  position  taken  regarding  sanitation  of  water  supply,  is 
afforded  by  the  experience  of  the  City  of  Brooklyn,  N.  Y.  More  than 
four  years  ago,  two  streams,  which  formed  a  part  of  the  daily  supply, 
were  condemned  by  the  Board  of  Health  of  the  City  as  unfit  for  use, 
on  account  of  pollution  due  to  the  sewage  of  the  population  dwelling 
upon  the  water  sheds,  which  pollution  had  increased  yearly  in  propor- 
tion to  the  increase  of  population.  These  stream  supplies  were  aban- 
doned. In  the  present  emergency  and  extremity  of  the  city,  viz.,  a  long 
drought,  it  is  suggested  to  again  use  the  water  of  these  streams,  pro- 
vided it  is  filtered.' 

The  question  of  filtration  being  one  of  degree,  it  is  apparent  that  its 
range  of  effectiveness  in  application  is  contingent  upon  the  measure 
of  pollution  to  be  met  and  treated.  If  pollution  is  permitted  to  in- 
crease in  intensity  as  well  as  quantity,  it  is  reasonable  to  assume  that 
the  cost  of  filtration  would  be  prohibitory  and  compel  the  considera- 
tion of  new  sources  of  water  supply  remote  from  the  influence  of  pollu- 
tion. 

If  the  Federal  Government  enacts  laws  which  in  effect  restrict  pollu- 
tion and  contamination  of  the  waters  which  are  used  by  the  people,  it 
must  invoke  the  skill  of  the  engineer  to  aid  it,  on  the  one  hand,  ami 
wise  legislation,  on  the  other  hand,  in  order  that  equitable  relations 
may  be  established  and  that  the  rights  of  all  interests  may  be  safe- 
giuirded  in  the  effort  to  prevent  the  defilement  of  water  supplies. 


414  DISCUSSION   ON   STREAM   CONTAMINATION.  [Papers. 

Mr.  Allen.  Kenneth  Ax.:len,  M.  Am.  Soc.  C.  E. — In  studying  questions  relat- 
ing to  stream  pollution  it  is  natural  to  turn  to  England,  where  in 
official  reports  on  the  subject  there  is  a  storehouse  of  information 
which  is  not  to  be  found  elsewhere;  although  of  recent  years  the 
investigations  undertaken  by  several  States — notably  Massachusetts — 
and  by  several  cities,  have  made  available  much  information  of  the 
greatest  value.  Increasing  density  of  population,  the  concentration 
of  large  industries,  and  a  general  awakening  of  the  masses  to  the 
importance  of  their  sanitary  environment,  all  serve  to  direct  attention 
to  the  matter  of  stream  contamination. 

Up  to  the  present  time,  the  most  important  legislation  on  the 
subject  has  been  the  Rivers  Pollution  Act  of  1876,  resulting  from  a 
report  of  the  Second  Rivers  Pollution  Commission  on  the  Rivers  Mersey 
and  Ribble,  in  which  the  following  requirements,  especially  regarding 
organic  pollution,  which  had  been  recommended  by  Dr.  Frankland, 
were  adopted : 

"  We  suggest  that  the  following  liquids  be  deemed  polluting  and 
inadmissible  into  any  stream: 

"  (a)  Any  liquid  containing  in  suspension  more  than  3  parts  by 
weight  of  dry  mineral  matter,  or  1  part  by  weight  of  dry  organic 
matter,  in  100  000  parts  by  weight  of  the  liquid. 

"(6)  Any  liquid  containing,  in  solution,  more  than  2  parts  by 
weight  of  organic  carbon,  or  0.3  part  by  weight  of  organic  nitrogen  in 

100  000  parts  by  weight. 

******* 

"  (f)  Any  liquid  which,  after  acidification  with  sulphuric  acid, 
contains,  in  100  000  parts  by  weight,  more  than  1  part  by  weight  of 
free  chlorine. 

"  (g)  Any  liquid  which  contains,  in  100  000  parts  by  weight,  more 
than  1  part  by  weight  of  sulphur,  in  the  condition  either  of  sulphur- 
etted hydrogen,  or  of  a  soluble  sulphuret." 

Although  adequate  provision  for  the  enforcement  of  this  Act 
appears  not  to  have  been  made,  its  requirements  were  probably  as 
fair  and  sound  as  was  possible  with  the  scientific  knowledge  of  that 
time. 

In  the  same  year,  1876,  the  Massachusetts  State  Board  of  Health 
presented,  in  its  annual  report,  a  number  of  recommendations  regard- 
ing the  discharge  of  crude  sewage  into  streams ;  among  them : 

"  That  no  city  or  town  shall  be  allowed  to  discharge  sewage  into 
any  water-course  or  pound  without  first  purifying  it  according  to  the 
best  process  at  present  known,  and  which  consists  in  irrigation;  pro-, 
vided  that  this  regulation  do  not  apply  to  the  discharge  from  sewers 
already  built,  unless  water  supplies  be  thereby  polluted;  and  provided 
also  that  such  intended  discharge  can  be  shown  to  be  at  such  point 
or  points  that  no  nuisance  will  arise  from  it." 

But  they  are  careful  to  add,  that: 

"  The  Board  feels  that,  in  the  present  state  of  our  knowledge, 
sweeping  laws  for  the  general  and  immediate  purification  of  all  our 
streams  would  be  hardly  justifiable,  and  that  they  are  not  called  for 
by  the  present  condition  of  our  rivers." 
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In  the  23  years  which  have  elapsed  since  these  views  were  officially  Mr.  Allen, 
expressed,  there  has  been  opened  tip  a  vast  field  of  research  in  sanitary 
matters,  through  the  science  of  bacteriology,  and,  as  our  knowledge 
of  the  life  history  of  these  minute  organisms  is  as  yet  quite  imperfect, 
we  are  not  likely  to  arrive  at  the  ideal  treatment  of  the  matter  for  some 
years  to  come. 

The  standard  of  purity  for  sewage  effluents,  as  established  by  the 
Second  Kivers  Pollution  Commission,  is  faulty  in  the  following  par- 
ticulars : 

In  the  first  place,  the  nuisance  caused  by  a  foul  effluent  depends 
quite  as  much  upon  the  character  of  the  stream  into  which  it  flows  as 
on  the  effluent  itself.  A  foul  effluent  discharged  into  a  deep,  swift- 
running  stream  of  well-oxygenated  water  may  cause  no  offence,  while 
an  effluent  of  half  the  size  and  twice  the  purity  of  the  first,  meandering 
over  mud  flats  to  a  sluggish  brook  or  mill  pond  may  prove  highly 
objectionable. 

It  is,  therefore,  seen  that,  if  a  standard  of  purity  for  the  effluent  is 
to  be  fixed,  it  should  be  in  some  way  correlated  to  the  character  of  the 
stream  itself,  and  this  under  its  most  unfavorable  conditions,  as  at 
extreme  low  water,  when  covered  with  ice,  or  when,  for  some  other 
reason,  it  is  particularly  foul  or  devoid  of  absorbed  air. 

The  two  following  examples  serve  to  illustrate  the  inconsistency  in 
the  standard  alluded  to. 

At  the  Leeds  Congress  of  the  Sanitary  Institute  of  Great  Britain, 
in  1897,  Professor  A.  Bostock  Hill,  wishing  to  accentuate  the  difficulty 
of  attempting  to  fix  a  standard  for  sewage  effluents,  quoted  a  case: 

"•Where  a  tank  effluent,  without  any  preliminary  treatment,  gave 
better  results  than  the  Bivers  Pollution  Commission  standard,  and  yet 
subsequently  so  seriously  polluted  a  stream  that  an  injunction  was 
applied  for  and  obtained." 

On  the  other  hand,  Alderman  J.  F.  Spence  (Chairman,  Tyne  Port 
Sanitary  Authority),  said: 

"Between  Tynemouth  and  Newcastle-on-Tyne,  a  distance  of  ten 
miles  by  the  river,  there  is  as  large  a  number  of  works  discharging 
foul  and  poisonous  effluents  as  probably  on  any  other  stream  in  the 
kingdom.  But  these  are  so  largely  diluted  by  the  enormous  influx  of 
sea  water  twice  in  the  24  hours,  the  difference  in  time  between  high 
water  at  the  bar  and  Newcastle  Quay  being  only  17  minutes,  that  fil- 
iate Dr.  Frank  Buckland,  when  inspector  of  salmon  fisheries,  quoted 
the  Tyne  as  one  of  the  best  salmon  rivers  in  the  kingdom,  the  2x>llu- 
tions  "being  so  diluted  that  the  fish  passed  there  unscathed  to  their 
spawning  grounds  in  the  higher  reaches  of  the  river.  It  may  there- 
fore be  said  the  pollutions  cause  no  nuisance,  as  the  tide  clears  them 
all  away." 

Again,  the  Bivers  Pollution  Commission  standard  fails  to  appre- 
ciate the  potential  capacity  for  further  purification  in  the  effluent 
itself.  This  important  point  has  been  brought  into  prominence  by 
the  difficulty  in  securing  permission,  under  existing  laws,  to  discharge 
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Mr.  Allen,  the  ertiuents  from  certain  bacterial  treatment  plants  into  neighboring 
streams,  although  it  is  generally  admitted  that  no  nuisance  would 
result  thereby.  The  outcome  of  this  is  that  a  Koyal  Commission  has 
been  appointed,  and  is  now  giving  this  matter  careful  study,  which 
will  no  doubt  eud  in  placing  before  the  world  most  valuable  and  com- 
plete information  on  this  subject. 

The  final  purification  of  sewage,  which  is  due  to  the  mineralization 
of  its  organic  constituents,  is  effected  by  the  action  of  minute 
organisms,  either  vegetable  or  animal,  but  generally  by  bacteria,  and 
this  is  the  case  with  crude  sewage,  the  effluents  from  chemical  pre- 
cipitation works  or  from  sewage  farms,  as  well  as  from  the  septic 
tank  or  other  of  the  methods  known  more  specifically  as  bacteriolytic. 
To  interrupt  this  action  by  the  use  of  antiseptics  simply  postpones 
the  inevitable  and  desired  result,  allowing  organic  matter  to  accu- 
mulate.    Such  interruption  is,  therefore,  fundamentally  wrong. 

The  process  of  mineralization  may  be  roughly  considered  as  taking 
place  in  two  stages. 

In  the  first  stage,  the  solids  are  broken  up  and  thrown  into  solution 
by  liquefying  bacteria,  while  the  rearrangement  of  the  molecules  of 
all  the  organic  matter  renders  it  more  susceptible  to  further  change. 
This  action  is  called  bacteriolysis,  and  it  takes  place  in  a  comparatively 
short  space  of  time,  the  characteristic  product  being  carbon-dioxide. 
Although  usually  occurring  under  anaerobic  conditions — when  it  is 
often  accompanied  by  the  evolution  of  sulphuretted  hydrogen,  marsh 
gas  and  other  offensive  or  dangerous  compounds,  and  sometimes,  very 
likely,  by  the  formation  of  these  virulent  poisons  known  as  ptomaines 
— it  is  pointed  out  by  Dr.  Samuel  Bideal  as  quite  probable  that  it 
may  result  from  the  action  of  such  aerobic  liquefying  bacteria  as 
B.  Prodigiosus  and  B.  Liquefaciens  under  suitable  conditions. 

In  the  second  stage,  which  is  marked  by  oxidation  of  the  nitrogen, 
and  known  as  nitrification,  the  bacteria  essential  to  the  process  must  be 
supplied  with  oxygen,  and  it  is  characteristically  an  aerobic  process. 

It  is  true  that  in  the  formation  first  of  nitrites  and  then  of  nitrates 
the  oxygen  required  for  the  former  may,  in  the  absence  of  free  oxygen, 
be  wrenched  from  the  nitrates  or  from  other  combinations  of  oxygen, 
leaving  the  final  conversion  into  nitrates  to  be  effected  later. 

Dr.  Walter  E.  Adeney,  of  Dublin,  has  taken  advantage  of  this  action 
in  devising  the  method  of  sewage  and  sludge  purification  known  as 
the  "  Oxygen  System,"  in  which  nitrification  is  effected  by  the  applica- 
tion of  nitrate  of  soda  or  permanganate  of  potash,  substances  which 
are  capable  of  furnishing  the  oxygen  required. 

Nitrification  is  a  comparatively  slow  process,  and,  while  accom- 
plished in  an  ideal  manner  by  intermittent  filtration,  yet  by  reason  of 
its  slowness  it  may  often  be  effectively  carried  on  in  streams  by  means 
of  the  oxygen  dissolved  therein.     When,  however,  this  element  is  not 
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absorbed  from  the  atmosphere  as  rapidly  as  it  is  taken  up  by  the  Mr.  Allen. 
organic  matter  undergoing  purification,  anaerobic  conditions  prevail, 
which  we  call  putrefaction,  with  their  attendant  evils. 

It  is  clear,  then,  that  the  ability  of  the  stream  to  oxidize  the  im- 
purities in  an  effluent  is  a  most  important  consideration,  which  has 
been  quite  ignored  in  the  standard  set  by  the  Second  Rivers  Pollution 
Commission. 

The  determination  of  the  organic  nitrogen  and  carbon  as  proposed 
by  Frankland  has  been  found  difficult  in  practice,  and  has  been  largely 
superseded  by  the  less  precise  but  more  practicable  determination  of 
(or  test  by)  albuminoid  ammonia,  as  proposed  by  Wanklyn,  or  of  the 
oxygen  consumed,  as  proposed  by  Forschammer,  or  by  both  of  these 
together. 

Messrs.  Pearrnain  and  Moor  have  recently  proposed  the  following 
standard,  as  adapted  to  present  needs: 

Parts  per  100  000. 

Total  suspended  matter  (not  to  exceed) 2.0 

Albuminoid  ammonia  "  0.2 

Oxygen  absorbed  "  0.714 

Total  hardness  "  28.57 

Nitrogen  as  nitrates  (not  to  be  less  than) 0 .  714 

They  insist  on  the  last  requirement  for  the  reason  that,  besides 
indicating  the  completion  of  the  process,  the  nitrates  also  indicate  a 
store  of  oxygen  which  may  be  drawn  upon  to  oxidize  the  remaining 
impurities,  insuring  thereby  a  guarantee  against  putrefaction. 

Dr.  Rideal,  to  accomplish  the  same  end,  has  suggested,  as  a  safer 
test  than  any  previously  proposed,  "the  ratio  of  the  oxidized  nitrogen 
in  the  form  of  nitrate  and  nitrite  to  the  '  oxygen  consumed  '  figure,"  as 
the  former  represents  the  oxygen  available  and  the  latter  the  oxygen 
required  to  carry  out  the  process  of  purification.  He  states  as  his 
belief  that  when  the  available  oxygen  is  in  excess, — 

"Then  under  no  subsequent  conditions  would  a  reversion  of  the 
sewage  take  place  so  as  to  cause  a  nuisance,  and  such  a  method  of 
valuing  the  suitability  of  an  effluent  was  independent  of  the  size  of 
the  stream  or  the  dissolved  oxygen  it  contained.  When,  and  in  the 
majority  of  cases  this  was  the  case,  the  stream  was  many  times  the 
volume  of  the  sewage  and  contained  dissolved  free  oxygen,  then  this 
free  oxygen  was  utilized  instead  of  the  oxygen  of  the  oxidized  nitrogen. 
Under  these  conditions  it  was  not  necessary  for  the  oxidized  nitrogen 
as  compared  to  the- '  oxygen  consumed  '  figure  to  be  so  large." 

If  the  character  of  a  proposed  effluent,  as  well  as  its  probable 
dilution,  in  running  water  could  be  predicted  with  certainty,  its 
liability  to  cause  offense  could  be  pretty  well  foretold.  A  rough  but 
convenient  limit  was  determined  in  this  way  by  F.  P.  Stearns,  M.  Am. 
Soc.  C.  E.,  when  Chief  Engineer  of  the  Massachusetts  State  Board  of 
Health,  substantially  agreeing  with  a  similar  limit  fixed  by   Rudolph 
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Mr.  Allen.  Hering,  M.  Am.  Soc.  C.  E  ,  with  reference  to  Chicago's  sewage  dis- 
charge, in  wrhich  he  designates  a  stream  flow  of  not  less  than  2  A-  cu.  ft. 
per  thousand  population  as  sure  to  cause  offence,  and  a  flow  of  over 
7  cu.  ft.  per  thousand  population  as  not  likely  to  cause  offence. 

Such  a  rule  will,  of  course,  apply  only  when  manufacturing  wastes 
are  negligible  in  quantity  or  character;  but  where  questions  involving 
the  dilution  of  crude  sewage  are  concerned,  this  method  of  predicating 
offensive  conditions  is  likely  to  prove  as  convenient  and  satisfactory  as 
any,  considering  the  number  of  indeterminate  factors  involved. 

Whether  more  definite  tests,  to  cover  various  conditions,  are  prac- 
ticable remains  to  be  seen,  but  the  more  recent  ones  appear  to  be  steps 
in  the  right  direction.  Possibly  the  future  may  discover  some  simple 
biological  tests  by  noting  the  effect  of  polluted  streams  upon  various 
kinds  of  fish  or  other  organic  life  contained  in  them.  In  fact,  in  the 
elaborate  series  of  experiments  on  sewage  disposal  which  has  been 
carried  on  for  several  years  past  at  Leeds,  one  test  of  certain  effluents 
was  their  capacity  to  support  the  life  of  carp,  the  effect  on  confervoid 
growths  being  also  noted.  It  is  known  that  different  kinds  of  fish, 
such  as  salmon,  bass,  catfish  and  menhaden,  require  waters  of  different 
degrees  of  purity,  and  their  survival  would,  to  a  certain  extent,  be  a 
measure  of  the  contamination  of  the  water  in  which  they  were  placed. 

The  relative  efficiency  of  bacterial  treatment,  as  compared  with 
mechanical  filtration  and  chemical  precipitation,  is  well  illustrated  by 
the  following;  results  obtained  at  Leeds: 


Crude  sewage 

Filtration  through  paper 

Lime  precipitation 

Bacterial  action  (Dibdin's  filters) 


Oxygen  Absorbed  in 
4  Hours. 


Parts  per 
100  000. 


12.14 
5.53 
6.57 
0.91 


Percentage 
purifica- 
tion. 


Albuminoid  Ammonia. 


Parts  per 

100  000. 


1.21 
0.67 
0.64 
0.125 


Percentage 
purifica- 
tion. 


A  great  economic  advantage  in  biological  treatment  is  the  elimina- 
tion of  the  vexed  question  of  sludge  disposal.  It  is  true  that  sand 
and  other  grit  still  have  to  be  removed,  and  that  woody  fibre  requires 
time  to  become  peptonized  without  clogging  the  filter,  but  the  trouble- 
some and  offensive  organic  solids  may  be  effectually  disposed  of,  and 
this  is  a  great  step  in  advance. 

Crude  sewage  contains  several  million  bacteria  per  cubic  centimeter 
— London  sewage  some  3£  million.  After  complete  nitrification,  these 
are  reduced  to  an  insignificant  number;  but  before  that  time,  although 
an  effluent  may  contain  sufficient  oxygen  to  complete  the  process  of 
purification,  it  may  contain  a  very  large  number  of  these  organisms. 
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Now,  while  there  is  some  evidence  to  indicate  that  pathogenic  Mr.  Allen, 
varieties  will  have  been  eliminated  before  arriving  at  this  stage,  yet 
with  the  present  imperfect  knowledge,  and  with  the  possibility  of 
their  subsequent  introduction  into  an  effluent  yet  containing  nutrient 
material,  it  would  probably  be  wise  to  fix  a  low  limit  to  the  bacteria 
per  cubic  centimeter  permissible  in  a  stream  used  for  a  water  supply 
which  has  received  the  effluent  from  biological  filters.  In  fact,  it  is  a 
question  whether  the  water  of  such  a  stream  should  not  be  filtered 
before  distribution  to  a  city,  as  there  is  always  a  chance  that  at  times, 
through  accident  or  excessive  flow,  the  purification  of  the  sewage  may 
not  be  up  to  the  established  standard. 

When  the  stream  is  not  used  for  drinking  purposes,  the  presence  of 
of  a  large  number  of  bacteria  in  the  effluent  is  not  necessarily  an  un- 
favorable indication. 

It  is  believed  that,  for  the  present,  legislation  regarding  stream 
contamination  and  sewage  purification  should  be  largely  tentative, 
both  because  experience  in  these  matters  is  as  yet  limited,  and 
because  it  is  rapidly  increasing. 

In  dealing  with  a  subject  so  complex  and,  at  the  same  time,  often 
involving  the  public  health  and  the  outlay  of  large  sums  of  money — 
in  the  establishment  of  purification  works  on  the  one  hand  and  the 
depreciation  of  riparian  property  on  the  other — each  case  of  pollution 
should  be  considered  by  itself,  by  an  authorized  official,  who  should 
be  a  man  of  much  tact  and  ability,  as  well  as  one  having  special 
knowledge  and  experience  in  his  line.  He  should  be  guided  by  cer- 
tain general  laws  regarding  stream  pollution,  but  should  be  given 
considerable  discretionary  power,  and,  to  avoid  troublesome  changes 
of  policy,  it  would  probably  be  well  to  have  him  serve  a  long  term  of 
years.  On  the  other  hand,  he  should  not  be  enabled  to  use  his 
authority  in  too  summary  or  arbitrary  a  way,  to  the  disturbance  of 
vested  interests,  when  not  absolutely  necessary  for  the  public  good. 

In  order  to  make  his  supervision  effective,  the  area  under  his  con- 
trol should  be  defined  by  the  natural  water-shed  bines;  that  is,  he 
should  have  authority  over  the  entire  drainage  area  of  one  or  more 
streams,  and  be  responsible  for  their  condition. 

In  order  to  effectively  control  stream  contamination,  it  is  suggested 
that  all  streams  may  be  placed  in  one  of  three  general  classes,  viz.  : 

I.  Streams  far  from  populous  centers  and  not  likely  to  be  used 
for  manufacturing  or  domestic  purposes. 
II.  Streams  likely  to  be  used  for  other  than  domestic  purposes. 
HI.   Streams  likely  to  be  used  for  domestic  purposes. 

Such  a  classification  would  not  appear  to  be  difficult  or  intricate, 
and  laws  regarding  permissible  pollution  would  apply,  in  general,  to 
all  streams  of  the  class  in  question.  Class  I  would  require  little  or 
no  legislation,  while  certain  standards  of  purity  for  sewage  effluents, 
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Mr.  Allen,  etc.,  would  apply  to  Class  II  and  others  to  Class  III.  Moreover,  in 
the  case  of  large  rivers,  like  the  Mississippi  or  Hudson,  it  would  be 
quite  possible  to  include  the  headwaters  and  upper  reaches  in  Class 
III  and  leave  the  lower  reaches  in  Class  II.  On  the  other  hand,  if 
certain  populous  centers  toward  the  mouth  of  the  stream  should 
befoul  its  waters  to  the  detriment  of  the  fishing  or  other  interests  near 
by,  it  might  be  necessary  to  create  a  special  district  to  which  the 
restrictions  for  Class  III  would  apply. 

That  the  purification  of  the  sewage  of  large  cities  by  land  disposal 
is  feasible,  is  seen  by  such  examples  as  Berlin  and  Paris. 

Suitable  land,  however,  is  not  always  available,  when  chemical 
treatment  followed  by  filtration  through  the  natural  soil,  as  at  Bir- 
mingham and  Manchester,  or  through  prepared  filter  beds,  as  at  Glas- 
gow and  Sheffield,  may  be  resorted  to.  In  the  cases  of  London  and 
Salford,  the  sewage  is  merely  clarified  by  chemical  precipitation,  and 
the  sludge  is  carried  out  to  sea  by  steamers  and  dumped;  and  in  such 
cases  the  effluent  cannot  be  said  to  be  truly  purified.  The  previous 
examples,  however,  suffice  to  show  that  there  is  no  inherent  difficulty 
in  purifying  the  sewage  of  a  large  city,  even  if  irrigation  cannot  be 
availed  of.     It  is  merely  a  question  of  selecting  the  best  and  cheapest. 

The  modern  bacteriolytic  processes  avoid  the  acquirement  of 
extended  areas  for  irrigation  on  the  one  hand  and  the  question  of 
sludge  disposal  on  the  other,  and  from  them  the  ideal  solution  of  the 
sewage  disposal  question  of  the  future  may  be  hoped  to  be  realized. 
Experience  has  already  been  sufficient  to  obtain  for  these  methods 
very  high  endorsement. 

For  instance,  in  testimony  before  a  Local  Government  Board 
Inquiry  at  Exeter,  regarding  the  septic  tank  treatment,  Dr.  Rideal 
gave  as  his  opinion,  that 

"  Wherever  a  sewage  farm  would  work,  this  system  would  work, 
and  anything  which  would  prevent  this  system  working  would  prevent 
a  sewage  farm  working." 

"When  asked  whether  it  could  be  applied  to  very  much  larger 
towns,  he  replied  "much  larger."  Dr.  Dupre,  also,  declared  that 
"no  system  of  purification  hitherto  known  had  such  a  complete  effect 
upon  sewage. " 

It  must  be  admitted,  however,  that  up  to  the  present  time  no  great 
city  uses  any  of  these  methods.  The  largest  plant  is  at  Sutton,  Eng- 
land, where  some  145  000  U.  S.  galls,  per  day  are  treated  by  the  Dib- 
din  system  of  double  filtration. 

The  Sewerage  Commission  of  the  City  of  Baltimore,  which  for 
some  time  has  had  this  very  matter  under  consideration,  while  admit- 
ting the  admirable  results  attained  at  Sutton,  Exeter,  and  elsewhere, 
and  after  consultation  with  Mr.  James  Mansergh,  regarding  this  parti- 
cular point,  has  refrained  from  recommending  any  one  of  these  sys- 
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terns  for  so  large  a  city,  involving,  as  it  must,  much  that  would  be  Mr.  Allen. 
new  when  applied  on  the  scale  proposed.     But  this  decision  is  quali- 
fied by  the  statement  that 

"  The  Commission  fully  recognizes  that  one  or  more  of  them  may 
prove  available  for  the  treatment  of  the  sewage  of  some  of  our  out- 
lying districts,  and  may,  if  future  experience  sustains  the  claims  and 
anticipations  of  their  advocates,  yet  become  adequate  to  our  service 
on  a  larger  scale." 

To  sum  up  what  has  been  said,  it  is  believed: 

(a)  That  stream  contamination  should  be  prohibited,  and  the  puri- 
fication of  the  sewage  of  cities  be  compulsory  only: 

(1)  When  it  is  offensively  evident  to  the  senses  of  smell  or 
sight. 

(2)  When  manufacturing,  fishing,  or  other  productive  inter- 
ests are  likely  to  be  seriously  affected  thereby. 

(3)  When  the  health  of  neighboring  communities  is  jeopar- 
dized, either  through  the  authorized  use  of  the  stream  for  dom- 
estic purposes,  the  probable  contamination  of  areas  devoted  to 
the  culture  of  shell-fish,  or  the  probable  formation  of  deposits 
upon  shoals  or  shores. 

(b)  That  the  purification  of  the  sewage  of  large  cities  is  always 
feasible.  It  is  always  costly,  but  it  is  probable  that  the  introduction 
of  bacteriolytic  methods  of  treatment  will,  in  general,  when  more 
fully  developed,  tend  to  economy. 

(c)  That  to  make  legislation  effective: 

(1)  All  streams  should  be  classified  according  to  their  per- 
missible contamination. 

(2)  A  responsible  officer  should  supervise  and  control  all 
sources  of  pollution  throughout  the  drainage  area  of  every 
stream  in  which  pollution  is  restricted  by  law. 

(3)  Where  possible  to  formulate  consistent  regulations 
regarding  the  limits  of  contamination,  this  should  be  done;  but 
that  with  regard  to  organize  contamination,  in  the  present 
imperfect  but  advancing  state  of  our  knowledge  on  this  sub- 
ject, the  matter  may  best  be  left  largely  to  the  discretion  of  the 
official  in  charge  of  the  particular  drainage  area  in  question. 

James  Owen,  M.  Am.  Soc.  C.  E.— It  has  not  been  regarded  as  Mr.  Owen, 
within  the  province  of  this  Society  to  discuss  legal  questions,  but 
recognizing  legal  enactments  as  the  crystallization  of  rrublic  opinion 
on  the  subject  legislated  upon,  the  legal  aspect  of  stream  pollution  is 
worthy  of  consideration.  The  radical,  unqualified  proposition  that 
all  pollution  of  streams  should  be  summarily  stopped  seems  to  the 
speaker  unwise.  The  question  is  a  very  live  one  in  New  Jersey,  and 
the  conditions  in  the  northern  part  of  the  State  furnish  an  object 
lesson. 
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Mr.  Owen.  The  Passaic  Biver  was  formerly  known  as  "the  beautiful  Passaic," 
now  it  is  called  "  the  dirty  Passaic."  Along  its  banks  is  a  population 
of  about  400  000  persons,  who,  by  the  construction  of  sewers,  have 
completed,  within  the  past  twenty  years,  a  system  of  discharge  which 
renders  the  river  unfit  for  potable  uses,  or  for  any  purposes  for  which 
water  can  be  used.  Until  three  years  ago,  Jersey  City  took  its  water 
from  the  lower  Passaic.  It  was  bad  water,  much  contaminated  and 
unfit  to  drink,  and  Jersey  City  vainly  tried,  for  years,  to  obtain  from 
the  Courts  means  to  restrain  the  towns  above  its  intake  from  dis- 
charging their  sewage  into  the  stream. 

Newark  obtained  a  new  water  supply  about  ten  years  ago,  and 
Jersey  City  got  a  new  supply  three  years  ago.  Curiously  enough,  as 
soon  as  Jersey  City  stopped  taking  its  drinking  water  from  the  river, 
there  arose  a  popular  demand  that  the  pollution  of  the  river  should 
cease.  Paterson,  with  100  000  population,  is  discharging  a  large 
amount  of  sewage  into  the  river,  and  Newark  and  the  towns  between 
Newark  and  Paterson  wish  defilement  from  this  source  prohibited. 
Newark  also  discharges  an  enormous  amount  of  sewage  into  the  river, 
and  this  drifts  up  with  the  tide  for  four  or  five  miles  above  the  city. 

On  the  Upper  Passaic  is  the  small  town  of  Summit  which  is  dis. 
charging  into  the  river,  not  crude,  but  filtered,  sewage.  The  City  of 
Paterson  has  brought  suit  against  Summit  to  prevent  its  pollution  of 
the  stream.  As  a  kind  of  cross-fire  comes  the  proposition  of  the  City 
of  Paterson  to  enjoin  the  East  Jersey  Water  Company  from  taking 
water  from  the  river,  on  the  plea  that  there  will  not  be  left  in  the  river 
sufficient  water  to  take  the  city's  sewage  down.  From  this  it  will  be 
seen  that  the  trend  of  public  opinion  in  that  locality  is  indefinite. 

It  cannot  be  too  strongly  emphasized  that  there  should  be  no  con- 
tamination of  drinking  waters  or  the  sources  of  such  waters;  but  the 
matter  of  the  discharge  of  sewers  into  rivers  used  merely  for  naviga- 
tion, or  for  drainage,  should  be  considered  as  a  question  of  dilution; 
and  if,  within  the  next  few  years  a  standard  of  permissible  dilution, 
which  would  be  free  from  effects  deleterious  to  the  community,  can  be 
established,  the  prime  object  of  this  inquiry  will  have  been  attained. 
Mr.  Darrach.  Charles  G.  Darfach,  M.  Am.  Soc.  C.  E. — The  study  of  this  problem 
for  twenty-five  years  leads  the  speaker  to  agree  with  the  conclusions 
so  admirably  expressed  by  Mr.  McMath.  The  engineers  of  America 
are  competent  to  solve  this  problem,  and  the  speaker  anticipates  not 
only  its  solution  but  such  a  development  in  the  future  as  will  modify 
the  water-supply  question  to  the  extent  that  if  necessary  a  city  will 
not  be  obliged  to  go  beyond  the  purification  of  its  own  sewage  to 
supply  itself  with  water. 
Mr.  Harrison.  E.  W.  Harrison,  M.  Am.  Soc.  C.  E. — The  subject  of  the  right  of 
cities  on  tidal  streams  to  discharge  their  sewers  therein  has  not  been 
taken  iip  in  this  discussion,  but  some  recent  events  indicate  a  disposi- 
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tion  to  impose  unnecessary  and  harmful  restrictions  on  such  com-  Mr.  Harrison, 
munities.  When  the  City  of  Newark  was  founded,  about  200  years 
ago,  the  site  was  chosen  because  it  was  on  a  tidal  stream.  It  offered, 
by  reason  of  its  location,  advantages  for  settlement,  for  manufactures 
and  for  commerce.  This  agitation  for  the  purification  of  the  Passaic 
River,  of  which  Mr.  Owen  spoke,  resulted  in  swinging  the  pendulum 
far  from  the  stand  taken  by  the  courts  ten  years  ago,  for  in  March 
last  the  City  of  Newark  was  enjoined  from  draining  about  130  acres 
of  land  into  the  Passaic  at  a  point  where  the  tide  ebbed  and  flowed. 
The  water  at  this  point  was  salt,  though  not  as  salt  as  the  sea,  but 
both  medical  testimony  and  a  bacteriological  examination  were  sub- 
mitted to  show  that  the  growth  of  bacteria  was  inhibited  by  reason  of 
its  saltness.  The  river  was  thus  acting  only  as  a  carrier,  conveying 
sewage  to  the  sea  without  affording  opportunity  for  the  further  growth 
of  bacteria. 

That  agitation  and  decision  are  now  bearing  strange  fruit.  Other 
towns  draining  into  estuaries  of  New  York  Bay  are  seeking  places  of 
deposit  for  their  sewage,  and  they  can  keep  their  water  supplies  pure 
only  by  turning  their  sewage  into  the  tidal  streams.  This  decision 
has  helped  to  create  the  opinion  in  northern  New  Jersey  that  no  sewage 
should  be  emptied  into  any  stream,  tidal  or  otherwise,  not  even  into 
the  Kill  von  Kull,  a  tidal  strait  between  Staten  Island  and  New  Jersey, 
passing  an  enormous  quantity  of  water  with  a  swift  current. 

The  recognition  of  this  argument  as  a  governing  principle  would 
operate  to  deprive  cities  located  on  estuaries  and  tidal  streams  of  one 
of  their  great  advantages  as  manufacturing  sites.  If  a  manufacturing 
plant  cannot  be  established  along  the  Arthur  Kills,  or  a  large  city  grow 
up  there  with  the  right  to  discharge  sewage  into  the  salt  water;  if 
investors  in  such  enterprises  must  contemplate  an  enormous  bond  issue 
to  take  care  of  sewage,  the  manufacturing  plant  or  the  city  might  as 
well  be  located  up  in  the  mountains.  Engineers  will  discriminate  be- 
tween drainage  into  salt  water  and  drainage  into  a  fresh-water  stream, 
and,  while  the  speaker  agrees  with  Mr.  Owen  that  the  pollution  of 
streams  now  used  or  likely  to  be  used  for  water  supply  should  be  pro- 
hibited, the  same  arguments  do  not  apply  in  the  case  of  tidal  streams; 
otherwise  sewage  purification  works  would  be  required  for  cities  like 
New  York  and  Brooklyn. 

P.  A.  Maignen,  Esq.— In  Paris  the  distribution  of  the  water  supply  Mr  Maiden, 
is  double  and  of  two  qualities;  raw  river  water  for  industrial  purposes, 
street  sprinkling,  fire  extinguishing  and  other  base  uses  -  sold  at  12 
cents  per  1  000  galls. ;  and  spring  or  assimilated  (filtered)  water  for 
drinking  and  household  purposes— sold  at  24  cents  per  1  000  gulls. 

The  potable  water  distribution,  being  kept  at  a  higher  pressure 
than  the  industrial  water,  became  largely  used  for  hydraulic  elevators 
and  other  purposes  as  motive  power.     In  order  to  discourage  this 


424  DISCUSSION"    ON    STREAM    CONTAMINATION.  [Papers. 

Mr.  Maignen.  misuse  of  the  pure  water,  the  rate  for  such  purposes  was  raised  to  48 
cents  per  1  000  galls.  This  differential  rate  has  prevented  the  abuse  of 
the  pure  water,  so  that  filtration  plants  have  to  be  provided  only  for 
water  legitimately  used  and  well  paid  for. 

Another  reason  for  which  French  engineers  advocate  the  double 
canalization  system  is  to  maintain  an  even  pressure  in  the  pure  water 
distribution,  so  as  to  reach  the  highest  points  of  the  cities  at  all  times. 
It  is  customary,  in  many  towns,  to  water  the  streets  and  flush  the 
sewers,  for  several  hours  every  day.  With  a  single  canalization  the 
upper  parts  of  the  city  would  be  deprived  of  water  by  the  simultaneous 
opening  of  the  low-town  hydrants;  this  trouble  does  not  occur  with  a 
double  canalization. 

Filtration,  as  an  art,  is  still  in  its  infancy.  It  is  a  mistake  to  ask 
too  much  of  a  single  filtering  operation.  The  work  should  be  divided. 
Something  has  already  been  accomplished  in  this  direction  by  the  use 
of  storage  reservoirs,  but  unless  they  are,  as  in  London,  large  enough 
to  render  pumping  during  storms  unnecessary,  they  are  only  extensions 
of  the  river,  and  of  little  use.  If  storage  reservoirs  are  wanted  in  case 
of  accidents  to  the  pumps,  by  all  means  build  them,  but,  in  the 
speaker's  opinion,  clarification  can  be  obtained  equally  well  by  quick 
upward  filtration  through  coarse  sand  or  other  coarse  material — the 
choice  varying  according  to  the  particular  quality  of  the  water  to  be 
dealt  with — and  at  less  expense. 

Sand  filtration,  as  carried  on  in  Europe,  with  sundry  improve- 
ments, could  be  applied  as  a  secondary  operation.  And  it  is  possible 
to  find,  in  the  large  industries,  such  as  sugar  and  chemical  works, 
breweries,  wine  producers  and  the  like,  that  have  recourse  to  filtra- 
tion, some  ideas  which  may  be  of  service  in  carrying  out  a  third  and 
final  operation  in  the  purification  of  water  for  city  supplies. 
Mr.  Tribus.  L.  L.  Tribus,  M.  Am.  Soc.  C.  E.  (by  letter). — For  twenty  years  past 
the  providing  of  suitable  water  supplies  for  thickly  settled  districts 
has  been  receiving  more  and'  more  intelligent  consideration;  the  rela- 
tion of  physical  health  to  the  wealth  and  efficiency  of  a  community 
has  been  more  carefully  studied  from  the  economic  as  well  as  the 
aesthetic  standpoint;  and  to  the  ends  at  issue  have  been  brought  the 
brains,  energies  and  conscientious  efforts  of  engineers,  chemists  and 
even  of  municipal  officials  themselves,  who  have  been  popularly  classed 
as  men  devoid  of  other  than  political  instincts. 

To  a  more  limited  degree,  the  disposal  of  the  wastes  of  civilized 
life,  passing  off  as  sewage,  has  received  careful  attention,  and  is  begin- 
ning to  be  treated  as  it  deserves,  as  one  of  the  most  important  subjects 
for  the  engineer  to  consider.  It  is  not  alone  necessary  to  provide 
human  beings  with  pure  food  and  drink;  it  is  equally  necessary  to 
remove  the  refuse  after  the  valuable  parts  are  used. 

The  questions  presented  for  these  informal  discussions,  relating  to 
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Stream  Contamination  by  Sewage,  Purification  of  Sewage,  and  Filtra-  Mr.  Tribus. 
tion   of   Water,   are  so    correlated   as  to  make  their  separation  lure 
scarcely  wise,  although,  certain  features  of  each  are  distinct. 

By  far  the  larger  number  of  cities  (the  term  "  cities"  including  all 
communities  making  use  of  municipal  systems  of  water  supply  or 
sewerage),  take  their  supply  from  rivers  or  lakes,  larger  or  smaller  as 
the  case  may  be;  those  using  the  various  forms  of  driven  and  artesian 
wells  not,  as  a  rule,  having  the  classes  of  waters  that  need  artificial 
purification.  This  being  the  case,  it  is  evident  that  the  source  of 
supply  should  be  maintained  in  all  possible  purity,  rather  than  that 
the  water  should  be  permitted  to  deteriorate,  and  then  need  to  be  puri- 
fied by  some  form  of  filtration,  and  at  great  expense. 

Consequently,  defiling  matter,  as  certainly  raw  sewage  must  be 
considered,  should  uot  be  admitted  to  a  lake  or  stream  if  there  is  any 
possibility  of  injuring  the  water  supply  of  another  place.  There 
is  no  justice  in  permitting  one  community  to  save  itself  trouble 
and  expense  by  entailing  trouble  and  expense  on  another,  or  in 
event  of  that  other  not  having  sufficient  enterprise  to  protect  itself, 
and  perhaps  furnishing  to  it  elements  of  disease  and  danger.  Rights 
to  the  waters  of  a  stream  have  caused  litigation  for  centuries,  but  it 
is  only  in  comparatively  recent  times  that  "use"  of  the  stream  has 
been  considered  as  requiring,  morally,  if  not  always  legally,  passing  it 
on  in  unimpaired  purity. 

Certain  classes  of  sicknesses  known  as  "Filth"  diseases,  of  which 
typhoid  is  the  most  prominent,  are  usually  attributed,  and  probably 
with  justice,  to  the  dissemination  by  the  water  supply  (or  milk,  directly 
associated,  too  often,  with  it)  of  germs  contributed  by  sewage  to  the 
sources  of  the  water  system.  Dilution  of  sewage  with  water  has  been 
largely  looked  upon,  even  by  engineers,  as  a  means  of  purification,  and 
to  some  extent  it  is,  but  dilution  does  not  destroy  germs;  and  disease 
germs  in  a  large  volume  of  water  have  just  so  much  more  chance  of 
dodging  the  other  forms  of  bacterial  life  which  seek  to  destroy  them. 

Not  many  years  ago,  purification  of  sewage  was  not  an  unmixed 
success,  chiefly  because  of  unintelligent  design  and  carelessness  in 
the  operation  of  plants,  the  method  of  Nature's  action  not  being 
entirely  understood,  or,  if  so,  then  ignored;  the  germ  theory  had 
scarcely  been  promulgated,  and  the  existence  of  bacteria  of  different 
kinds,  which,  like  people,  preyed  on  each  other,  was  unknown. 

It  would  be  a  difficult  matter  to  estimate  in  dollars  and  cents  the 
losses  of  property,  the  destruction  of  valuable  material,  and  the  injury 
to  lives,  directly  traceable  to  the  emptying  of  crude  sewage  into 
streams;  yet  few  will  deny  that  the  aggregate  sum  would  be  vast.  The 
driving  away  or  destruction  of  fish  life,  removing  thereby  a  very  valu- 
able article  of  food;  the  depreciated  value  of  property  adjoining  such 
sewage  contaminated  streams,  and  the  actual  deaths  of  hundreds  or 
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Mr.  Tribus.  thousands  of  human  beings,  from  the  use  of  polluted  waters,  suffi- 
ciently indicate  the  conditions  at  stake.  The  latter  topic  has  been  so 
admirably  covered  in  recent  papers  on  typhoid  and  allied  diseases, 
with  their  relationship  to  water  supplies,  that  merely  speaking  of  the 
remarkable  reduction  in  death  rate,  noticeable  after  the  introduction  of 
pure  supplies,  is  all  that  is  necessary  here. 

The  New  York  State  Board  of  Health,  in  its  policy  of  saving  streams 
and  lakes  from  further  contamination,  practically  compelling  cities 
to  treat  their  sewage,  seems  to  the  writer  to  have  taken  the  only  proper 
action  that  justice  and  right  can  countenance;  yet  there  are  instances 
where  such  exclusion  would  appear  an  unnecessary  precaution,  for 
the  rights  of  no  one  would  seem  to  be  injured  by  "  direct  "  disposal. 

It  is  a  question,  therefore,  that  had  best  be  left  to  the  intelligent 
and  more  enlightened  sentiment  and  judgment  of  communities  directly 
concerned,  trusting  to  fully  sufficient  existing  laws  to  prevent  undue 
trespass  on  the  rights  of  others.  The  writer  believes,  however,  that 
the  proportion  of  sewerage  systems  to  be  constructed  in  the  future, 
without  adequate  disposal  and  purification  plants,  will  be  very  small; 
and  that  a  large  number  of  the  systems  now  in  use  will  ultimately 
require  treatment. 

The  same  discussion  applies  very  largely  to  the  second  question — 
"Should  the  Purification  of  the  Sewage  of  Cities  be  compulsory?" 
Present  laws  or  court  decisions  cover  fully  all  cases  where  non-treated 
sewage  becomes  a  nuisance  to  residents  of  the  city  itself  or  to  those  of 
other  places.  Unfortunately,  enforcement  of  laws  seems  to  be  a  very 
difficult  matter,  and  there  is  no  reason  to  suppose  that  any  new  laws, 
even  apparently  more  binding,  would  work  to  any  greater  advantage. 

As  far  as  applicability  to  large  cities  is  concerned,  new  questions 
always  arise.  In  almost  all  instances,  large  cities  have  grown  up  on 
the  shores  of  tidal  harbors,  great  lakes  or  large  rivers,  so  that  sewage 
flow  bears  usually  so  small  a  proportion  to  the  volume  of  moving 
water,  fresh  or  salt,  that  the  dilution  dissipates  most  of  the  cause  of 
offence,  though  in  the  course  of  years,  unmistakable  and  permanent  in- 
dications of  defilement  can  be  noticed  near  the  outlets  of  the  sewers. 

It  is  necessai'y  to  note  clearly,  what  purification  of  sewage  actually 
means.  It  is  the  total  resolution  into  harmless  inorganic  elements,  of 
all  defihng  or  organic  matters — a  complete  chemical  combustion  or  oxi- 
dation. In  this  process,  bacteria,  abounding  in  the  sewage  itself,  have 
a  great  deal  to  do;  in  the  opinions  of  some,  perhaps  more  than  any 
other  agent. 

A  direct  answer  as  to  its  feasibility  for  large  cities  is  impossible; 
each  city  must  be  judged  by  its  own  conditions.  New  York,  Philadel- 
phia and  Chicago  would  illustrate  the  impossible,  or  at  least, 
impracticable.  Paris  has,  in  a  large  measure,  successfully  embraced 
purification.     London  aims  to  make  the  effluent  inoffensive,  but  it  is 
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far  from  being  purified;  its  chemical  treatment  and  subsidence  being  Mr.  Tribu*. 
only  an  arresting  of  Nature's  processes,  and  not  a  completion  of  them. 
To  a  thorough  understanding  of  this  last  subject  inust  those  come  who 
have  the  handling  of  sewage  problems.  Nature  cannot  be  hurried, 
though  she  enjoys  being  assisted.  We  must  conform  to  her  laws  or 
failure  will  ensue. 

It  is  possible  to  purify  sewage,  and  it  is  practicable,  but  it  takes 
land  in  large  areas  to  do  it  economically,  and  land  properly  selected 
and  prepared,  with  the  utmost  care  in  its  use,  besides;  or  it  takes  water 
in  such  large  volume  that  the  same  processes  of  nitrification  and  oxi- 
dation can  be  carried  on  without  regard  to  time,  and  be  conveyed 
away  by  currents  or  streams,  so  as  to  be  inoffensive  during  the  opera- 
tions. The  methods  of  treatment  need  not  enter  into  this  discussion; 
but  it  must  be  borne  in  mind  that,  unless  local  conditions  absolutely 
prevent,  some  form  of  land  treatment,  without  the  use  of  chemicals, 
comes  nearest  to  Nature's  own  most  efficient  pi*ocess,  and  consequently 
is  most  likely  to  prove  successful,  even  under  severe  climatic  condi- 
tions. 

Closely  allied  to  the  purification  of  sewage,  and  even  more  important 
to  human  life,  is  the  providing  of  pure  water  supplies.  Mountain  lakes 
and  brooks  in  uninhabited  or  sparsely  settled  districts  can  usually  be 
taken  as  of  sufficient  purity,  if  the  water  be  intelligently  gathered  and 
cared  for. 

The  trend,  however,  of  growth  of  jjopulation,  is  in  the  grouping  of 
communities  along  the  courses  of  the  larger  streams  and  on  the  shores 
of  lakes.  This  entails  more  care  in  the  selection  of  intake  points,  and 
is  gradually  tending  to  make  undesirable  the  use  of  neighboring 
waters  for  public  supplies  without  treatment  before  use.  On  the  other 
hand,  the  smaller  streams  and  lakes,  not  subject  to  pollution,  do  not 
furnish  sufficient  quantities  of  water  for  the  larger  cities,  even  when 
storm-waters,  in  addition  to  normal  flow,  are  carefully  conserved.  It  is 
not  always  feasible  to  secure  ground  water  or  rock  well  supplies,  nor  are 
such  waters  always  safe  or  desirable  themselves,  so  that  recourse  must 
be  had  in  most  cases  to  surface  sources.  Most  persons  will  grant  that 
a  surface  supply,  from  unimpeachable  collecting  grounds  and  stored  in 
well-kept,  clean  reservoirs,  is  all  that  can  well  be  desired,  but  in  the 
more  closely  settled  States,  each  year,  such  a  condition  is  becoming 
much  harder  to  find.  Then,  again,  in  the  use  of  surface  waters  in  their 
natural  state  there  is  always  somewhat  of  an  uncertainty,  for,  in  spite  of 
the  most  careful  supervision  of  the  water-shed,  unless  it  be  absolutely 
uninhabited,  contaminating  elements  are  always  likely  to  appear. 

The  writer  is  not  quite  ready  to  insist  that  all  public  supplies  be 
filtered,  for  here,  as  in  sewerage  questions,  situation  has  a  great  deal  to 
do  with  the  method  proper  for  adoption;  but  certainly,  intelligent 
filtration  never  harms  a  water,  while  its  lack  may  entail  danger.     Fil- 
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Mr.  Tribus.  tration,  in  some  form  or  other,  undoubtedly  began  with  man's  use  of 
water;  its  adoption,  on  strictly  scientific  lines  for  public  use,  is  a  de- 
velopment of  very  recent  years.  We  may  neglect  consideration  of  the 
small  household  filters,  the  thousand  and  one  devices  that  improve  or 
injure  the  water  according  to  the  care  in  their  use,  and  take  up  the 
broader  field  of  filtration  of  municipal  supplies  as  a  whole,  by  the  two 
general  systems  which  may  be  classed  as  "  Chemical  "  and  "Natural." 

It  is  unnecessary  here  to  discuss  the  comparative  merits  of  either. 
It  is  sufficient  to  say  that  both  have  full  fields  for  operation,  the  main 
point  being  that  it  is  fully  proven  that  impure  waters  can  be  filtered 
and  rendered  safe  and  desirable  for  domestic  use.  At  the  present  day 
practically  everything  is  measured  by  its  value  in  dollars  and  cents,  a 
materialistic  theory  which  we  have  to  recognize  even  while  combating  it 
as  a  principle,  so  that  the  pro  and  con  of  filtration  for  any  particular 
city  seems  to  be:  Does  the  advantage  of  a  purer  water,  in  decreased 
death  rate  of  population,  figuring  life  at  a  minimum  value,  or  a  gain  to 
the  community  of  the  work  of  so  many  persons  annually,  equal  the 
operation,  interest  on  cost  and  appropriations  for  a  sinking  fund  for  a 
filtration  plant?  Of  course,  taxes  and  politics,  and  various  other,  often 
conflicting,  interests  are  also  considered;  though  impaired  health, 
more  or  less  discomfort,  and  offensiveness  to  eye  and  nose,  seem  to 
have  but  little  weight.  Usually  the  activity  of  a  violently  deadly 
epidemic  is  necessary  to  impress  the  weight  of  the  argument. 

The  writer  is  amply  convinced  that  the  coming  solution  of  the 
public  water  question,  considered  as  a  whole,  is  in  "purification," 
implying  rather  more  than  the  narrower  term  "  filtration, "  though  that, 
in  its  growing  ordinary  acceptation,  includes  the  very  complex  opera- 
tions of  Nature  that  result  in  thorough  purification,  hence  safety  for 
the  health  of,  and  satisfaction  in  other  uses  by,  the  public  at  large. 

Palmer  C.  Kicketts,  M.  Am.  Soc.  C.  E.  — (by  letter). — The  great 
value  and  advantage  of  maintaining,  if  it  were  possible,  all  streams, 
large  and  small,  in  the  purity  they  exhibited  before  there  were  settle- 
ments upon  their  banks  is  self-evident.  The  fact,  however,  remains 
that,  to  a  greater  or  less  extent,  streams  always  have  been  and  always 
will  be  natural  sewers.  They  will  be  as  long  as  water  keeps  flowing 
from  the  land  into  them  and  carrying  with  it  impurities  dangerous 
to  health.  Those  flowing  in  thickly  populated  valleys  certainly  will 
be,  even  if  the  ordinary  sewage  of  the  cities  on  their  banks  be  purified 
before  being  discharged  into  them.  The  fecal  matter  of  one  inmate  of 
one  farm  house  may  cause  more  havoc  than  a  year's  sewage  flow  from 
a  large  town. 

As  an  example,  consider  the  Mohawk  River  Valley  in  New  York; 
narrow,  with  a  long  line  of  villages,  towns  and  cities  along  its  banks, 
and  elsewhere  quite  thickly  settled.  If  no  sewage  from  towns  and 
cities  were  permitted  to  be  discharged  into  it  the  water  would,  never- 
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theless,  be  unsafe  for  drinking  purposes,  if  not  filtered.  This  river  Sir.  Ricketta 
discharges  into  the  Hudson  River  below  the  intake  of  the  Troy  water- 
works. Below  Troy,  the  cities  of  Albany,  Hudson  and  Poughkeepsie 
filter  the  water  pumped  from  the  Hudson  River.  At  least  the  last  two 
have  filtered  it  for  years  and  the  first  will  shortly  have  its  extensive 
plant  in  operation.  Under  these  circumstances  it  would  be  extremely 
difficult  to  force  the  great  population  of  the  towns  and  cities  in  the 
Mohawk  Valley  to  purify  their  sewage  before  discharging  it  into  the 
river,  in  order  that  its  water  might  be  more  pure,  but  not  pure  enough 
to  be  drunk  with  safety. 

In  the  "Report  on  the  Chicago  Drainage  Canal  by  the  Commission 
appointed  by  the  Mayor  of  St.  Louis,  Mo.,  1899,"  may  be  found  the 
paragraph : 

"  By  general  law  of  the  United  States  all  cities  must,  sooner  or 
later,  be  prevented  from  polluting  the  natural  water  courses  of  the 
country  with  sewage. " 

However  much  jurisdiction  the  United  States  may  have  in  the 
Chicago  Drainage  Canal  question,  it  would  have  to  be  considerably 
stretched  to  cover  the  case  of  a  non-navigable  stream,  like  the  Mohawk, 
lying  wholly  within  a  single  State  and  discharging  into  a  river  lying, 
as  far  as  that  part  of  it  valuable  for  water-supply  purposes  is  con- 
cerned, in  the  same  State.  And  being  thus  practically  a  State  ques- 
tion, how  much  chance  is  there  that  this  large  part  of  the  population 
can,  by  act  of  Legislature,  be  put  to  great  expense  without  proof  that 
it  is  necessary. 
.  When  the  writer  became  engineer  of  the  Public  Improvements 
Commission  of  the  City  of  Troy,  N.  Y.,  and  had,  in  consequence,  to 
design  a  complete  system  of  sewerage  for  the  city,  he  was  asked 
whether  it  would  not  be  advisable  to  build  an  intercepting  sewer  along 
the  river  and  purify  the  sewage  of  the  whole  city  at  the  south  end 
before  discharging  it  into  the  Hudson  River.  This  would  have  entailed 
pumping  9  000  000  galls,  a  day,  exclusive  of  any  rainfall,  to  a  height  of 
about  200  ft. ,  purifying  it,  and  discharging  the  effluent  into  the  Hudson 
about  5  miles  below  the  mouth  of  the  sewage-laden  Mohawk  River. 
Twenty-five  years  ago  the  City  of  Troy  began  to  pump  most  of  its 
water  supply  from  the  Hudson  above  the  mouth  of  the  Mohawk, 
where  the  water  was  quite  pure.  Instead  of  doing  this  it  could  have 
obtained  a  bountiful  supply  by  a  gravity  system  at  a  reasonable  cost. 
In  the  meantime  the  river  has  become  more  contaminated  above  the 
intake,  by  the  sewage  of  towns  which  have  since  grown  larger,  and  the 
quite  pure  water  supply  still  exists  in  the  highlands  back  of  the  city. 
Under  these  circumstances  could  Troy,  in  equity,  compel  the  towns 
above  to  purify  their  sewage? 

The  writer  has  thus  taken  up  the  conditions  existing  in  one  neigh- 
borhood to  show  that  no  radical  general  rule  can  reasonably  be  made 
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Mr.  Ricketts.  regarding  sewage  purification.  General  laws,  absolutely  prohibiting 
the  discharge  of  unpurifled  sewage  into  streams,  would  in  many  cases, 
be  destructive  and  unjust;  and,  in  the  design  of  a  system  of  sewer- 
age, it  is  well  to  remember  that  it  is  easy  to  put  a  community  to 
unnecessary  expense  to  meet  possibilities  which  never  materialize,  and 
sometimes  to  prevent  the  construction  of  much-needed  works  by  pro- 
hibitive and  unnecessary  conditions. 

On  the  other  hand,  it  is  not  necessary  to  state  that  many  cases  exist 
where  the  purification  of  sewage  before  its  discharge  into  streams  is 
advisable  and  necessary.  This,  of  course,  is  particularly  the  case 
where  the  streams  are  small  and  the  country  thickly  settled.  Those  in 
the  neighborhood  of  Boston  afford  a  good  example.  It  also  seems  evi- 
dent that  even  if  a  stream  is  not  to  be  used  for  a  water  supply  it  should 
not  be  permitted  to  become  a  nuisance  because  of  sewage  discharged 
into  it. 

As  to  the  pure  water  question  for  cities,  the  writer  believes  filtra- 
tion to  be  its  coming  solution.  More  or  less  pure  water  may  be  used 
without  filtering  if  it  comes  from  a  source  uncontaminated  by  the 
sewage  of  villages  or  cities,  but  the  only  way  to  be  sure  that  it  shall  be 
reasonably  pure  is  to  filter  it. 
Mr.  Haring.  James  Smith  Haking,  M.  Am.  Soc.  C.  E.  (by  letter). — There  is  a 
phase  of  the  discharge  of  raw  sewage  into  rivers  and  streams  which 
was  not  mentioned  in  the  oral  discussion  of  this  subject,  that  of  the 
minimum  flow,  in  either  rivers  or  streams. 

This  is  a  matter  of  great  importance  in  considering  the  question  of 
permitting  untreated  sewage  to  enter  sources  of  water  supply,  not  only 
as  regards  the  effect  upon  the  purity  of  the  supply  for  other  localities, 
but  also  the  relation  which  the  amount  of  sewage  passing  into  the 
stream  has  to  the  quantity  of  water  flowing  therein,  to  prevent  the 
nuisance  of  the  collection  of  undiluted  sewage  in  the  immediate 
vicinity. 

Most  western  rivers  are  subject  to  large  variations  in  both  depth  of 
flow  and  area  covered  during  the  periods  of  maximum  and  minimum 
seasons.  Although  the  volume  of  water  is  calculated  from  the  total 
quantity  passing  in  the  channel,  yet  it  may  be  so  divided  and  diverted 
as  to  leave  the  conditions  attending  the  dilution  of  sewage  quite  at 
variance  with  the  permissible  allowance.  Especially  is  this  true  of 
rivers  having  very  rocky  channels,  in  which  the  flow  is  concentrated  at 
certain  points  into  small  cross-sections;  while,  at  other  places,  the 
water  is  spread  out  over  a  very  shallow  but  wide  and  stony  bed  and 
almost  disappears.  This  is  also  true  of  a  river  of  sandbars  and 
marshes.  The  collection  of  sewage  in  beds  of  this  character  certainly 
emphasizes  the  necessity  of  compelling  its  treatment  before  discharg- 
ing it  into  streams  used  for  water  supplies.  It  seems  quite  unneces- 
sary to  require  any  treatment  of  sewage  before  disposing  of  it  in  tidal 
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salt  water  bodies.     Cases  might  arise  where  sewage  might  be  caught  Mr.  Earing. 
on  a  flood  tide  and  carried  back  upon  the  shores  and  cause  a  nuisance, 
but  the  conditions  would  not  be  general,  and  the  writer   does   not 
think  that  in  the  discussion  of  this  subject  such  a  contingency  was 
anticipated. 

The  only  way  to  make  the  purification  of  water  supplies  effective  is 
to  first  prevent,  by  Federal  laws,  the  pollution  of  rivers  and  streams. 
Too  many  of  our  rivers  are  in  the  jurisdiction  of  more  than  one  State 
to  make  the  State  control  of  these  matters  effective,  and  the  personal 
feelings  of  lawmakers  are  too  largely  acted  upon  by  the  fear  of  giving 
offense  to  some  person  or  interest  in  their  constituency  to  make  a  success 
of  individual  State  legislation.  Then,  too,  individual  cities  and  towns 
will  procrastinate  to  a  degree  almost,  if  not  quite,  criminal,  rather 
than  press  on  to  a  reform,  or  even  to  provide  the  means  necessary  to 
remedy  or  prevent  the  pollution  of  streams,  because  of  the  attending 
expense;  and  though  conscious  and  confessing  the,  shall  we  call  it, 
crime,  permit  it  to  go  on.  Only  a  general  law,  irrespective  of  State  or 
city,  can  prevent  effectually  what  will  be  in  a  few  years,  if  it  is  not  in  . 
some  jflaces  already,  an  evil  of  great  magnitude. 

Filtration  is  destined  to  be  the  important  agent  to  prevent  whole- 
sale contagion  from  water-borne  diseases,  even  though  it  be  compulsory 
by  law  to  treat  sewage  before  permitting  it  to  flow  into  streams,  and 
even  though  the  effluent  be  purified  "to  a  drinking-water  standard," 
as  one  business  concern  engaged  in  that  work  now  claims  to  do 
(though  the  standard  may  need  qualification).  The  rapid  development 
in  the  education  of  the  people  demands  the  filter  as  a  guaranty  of  the 
best  that  can  be  had  in  water  supply.  Though  sewage  may  be  treated 
and  made  inoffensive  by  the  expenditure  of  money,  yet  water  supplies 
cannot  be  manufactured,  and  the  daily  increasing  news  of  water 
famine  all  over  the  country  admonishes  us  of  such  conditions. 
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An  Informal  Discussion  at  the  Annual  Convention,  June  28th,  1899.* 


Subject  foe  Discussion. 

"  What   is   the   Proper   Friction  Coefficient   for  use  in  the  design  of 
Riveted  Steel  Pipe  ?  " 


By  A.  McL.  Hawks,  Jun.  Am.  Soc.  C.  E. 


Mr.  Hawks.  A.  Mc.  L.  Hawks,  Jun.  Am.  Soc.  C.  E.  (by  letter). — The  writer  has 
tested  the  flow  in  a  14-in.  riveted  steel  pipe  after  it  had  been  in 
service  over  three  years,  and  again  nearly  three  years  later.  As  these 
measurements  were  carefully  checked  by  volumetric  determinations 
after  weir  flows  were  measured  ;  as  they  check  very  closely  with  one 
another,  and  as  they  were  made  upon  the  main  inflow  of  a  system  in 
the  ordinary  everyday  uses,  to  which  such  a  main  is  applied,  they 
will  be  a  guide  to  designing  similar  pipes  for  such  purposes. 

This  main  is  made  of  soft  steel,  is  14  ins.  clear  diameter  of  the 
smaller  ring,  and  has  double-riveted  longitudinal  seams  and  single- 
riveted  circumferential  seams.  The  double  riveting  is  spaced  ^f  in. 
between  rows,  JHt  in.  to  1  |f  ins.  between  heads,  and  staggered.  The 
circumferential  rivets  are  ^\  in.  from  center  to  center  upon  the  exterior 

*  The  discussion  of  this  subject,  for  which  no  formal  paper  was  presented,  is 
printed  in  Proceedings  in  order  that  the  views  expressed  may  be  brought  before  all 
members  of  the  Society"  for  further  discussion.  (See  rules  for  publication,  Proceed- 
ings, Vol.  xxv,  p.  71.) 

Communications  on  this  subject  received  prior  to  September  23d,  1899,  will  be  printed 
in  a  later  number  of  Proceedings,  and  subsequently  the  whole  discussion  will  be  published 
in  Transactions. 
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surface,  or  about  \  iu.  from  center  to  center  on  the  interior  surface,  Mr.  Hawks 
varying  slightly  with  the  thickness  of  the  steel,  the  gauge  of  which 
runs  from  No.  9  to  No.  12.  All  rivet  heads  are  circular  or  "snap 
heads,"  and  as  the  diameter  of  the  rivets  is  £}  to  ||in.,  the  heads 
form  almost  a  complete  ring  upon  the  interior  of  the  pipe,  and  practic- 
ally reduce  the  clear  opening  about  \  in.  An  attempt  was  made  to 
compensate  for  this  by  making  the  interior  rings  a  slight  fraction  of  an 
inch  greater  than  the  size  originally  planned.  As  the  outer  rings  were 
kept  uniform,  this  increased  size  amounts  to  about  |  in.  in  the  lighter 
and  nr  in.  in  the  heavier  steel. 

Seven  rings  of  steel  plate  (four  of  the  greater  and  three  of  the  lesser 
diameter)  formed  a  24-ft.  length  of  pipe  as  made  up  in  the  shop.  One 
end  was  reinforced  with  a  5-in.  welded  steel  ring  of  14  ins.  clear 
diameter,  the  end  lengths  of  the  pipe  being  of  the  greater  diameter  and 
the  end  longitudinal  rivets  being  practically  countersunk  to  admit  this 
reinforcer.  In  making  up  the  pipe  lengths  the  longitudinal  seams 
were  "  in  line  "  in  alternate  rings  and  "  quartering  "  in  adjacent  rings. 

All  lengths  were  thoroughly  cleaned  and  dipped  in  a  hot  asphalturn 
bath,  being  left  a  sufficient  length  of  time  for  the  metal  to  attain  the 
temperature  of  the  bath.  All  lengths  were  inspected  and  tested 
previous  to  leaving  the  shop.  That  this  work  was  thoroughly  well 
done  is  shown  by  the  fact  that  some  extra  lengths  and  extra  rings  were 
left  exposed  to  the  weather  along  the  line  of  the  work,  and  the  coating 
of  these  was  in  fairly  good  condition  after  more  than  six  years. 

In  laying  the  pipe  in  the  trench  the  longitudinal  seams  were  placed 
so  as  to  form  an  angle  of  45°  with  the  vertical  plane;  the  reinforcer, 
which  projected  half  its  width  from  the  end  of  the  pipe,  was  forced 
into  the  next  length  until  the  exterior  rings  were  in  contact.  An 
exterior  welded  ring  §  in.  thick  and  5  ins.  wide  was  drawn  over  the 
joint  and  an  ordinary  lead  joint  was  poured  and  caulked. 

As  will  be  seen  from  the  above,  the  obstructions  to  flow  are :  1st, 
the  circle  of  rivet  heads  of  the  transverse  joints,  about  3£  ft.  apart; 
2d,  the  lap  of  the  rings;  3d,  the  reinforcing  rings,  24  ft.  apart;  and 
4th,  the  double  line  of  rivet  heads  making  the  longitudinal  seams. 

The  total  length  of  this  pipe  line  is  70  700  ft. ,  leading  from  an  iron 
screen  chamber,  near  the  inlet,  to  the  distributing  reservoir.  The 
profile  of  the  pipe  line  is  fairly  smooth,  there  being  four  principal 
summits  (two  approaching  the  hydraulic  grade  line)  and  five  principal 
depressions  (two  approaching  zero  of  the  datum  plane) ;  the  remainder 
is  chiefly  along  benches  with  easy  grades.  Automatic  air  valves  are 
provided  for  all  summits  and  blow-off  gates  for  all  depressions.  The 
alignment  is  very  easy,  no  quick  bends  occurring  in  the  whole  length. 
In  two  places  where  90°  curves  are  required  they  are  made  with  six 
15°  cast-iron  pipes.  Therefore,  no  allowance  for  friction  in  bends  is 
necessary  in  the  calculations. 
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Mr.  Hawks.  This  work  was  completed  in  the  fall  of  1892.  In  April,  1896,  the 
writer  tested  it,  and  the  following  are  his  notes: 

April  2d. — Visited  intake  and  headworks.  At  1.30  p.  m.  measured 
depth  of  water  in  screen  chamber,  which  was  7.98  ft.,  making  eleva- 
tion of  surface  of  water  429.15  above  datum. 

April  3d.  Weir  test. — The  weir  was  a  square  notch,  15  ins.  wide, 
cut  in  a  sheet  of  No.  8  steel,  set  in  the  overflow  chamber  of  the 
reservoir.  All  the  conditions  surrounding  it  were  favorable  to  using 
the  Francis  formula,  with  end  contractions:  Discharge  3.366  X  (length 
of  overfall — \Ji)  x  V~h\  and  this  was  used  in  calculating  the  discharge. 

As  the  total  outflow  was  only  1  cu.  ft.  per  second  and  the  area  of 
the  approach  channel  was  2.8  ft.  x  3.1  ft.,  or  nearly  9  sq.  ft.,  the 
velocity  of  approach  was  disregarded. 

Beading  on  gauge  at    8      p.  m 4        ins. 

"  "  "10         "   4g 

"    10.15    "     4|  +    " 

The  weir  was  then  closed  for  15  minutes  to  allow  the  reservoir  to 
till  to  a  higher  level.  It  was  reopened  at  10.30  p.  m. ,  when  the  read- 
ing on  the  gauge  was  4|  ins.  It  gradually  fell  until  at  the  close  of  the 
test  it  read'4|  -f-  ins.,  and  remained  stationary  at  that  figure  for  30 
minutes. 

Elevation  of  surface  water  =  396.95  ft.  above  datum. 

April  4th.  Volumetric  Test. — The  supply  to  the  city  was  cut  off  at 
7.20  p.  m. 

Gauge  reading  at    7.30  p.  m 11  ft.  5|  ins. 
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g-m.  rise. 


The  first  and  last  readings  were  taken  most  carefully.  Interme- 
diates were  taken  to  roughly  check  the  results. 

The  total  rise  was  0.35  ft.  in  2£  hours. 

After  this  test  was  completed  the  water  was  cut  off  from  the  reser- 
voir, and  it  was  left  to  stand  full  until  morning.  As  the  gauge  read 
precisely  the  same  at  the  end  of  12  hours  it  was  evident  that  no  leakage 
of  moment  had  occurred  during  this  test. 

The  flow  over  the  weir  was  calculated  to  be  0.96  cu.  ft.  per  second. 
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Discharge  =  3.366   x    (I  —  i  h)  X    1/1^=3.366  x  (1.25  —  0.08)    x  Mr.  Hawks. 
-l/(379p  =  3.938  X  0.244  =  0.96  cu.  ft.  per  second. 

The  rate  of  inflow  was  0.99  cu.  ft.  per  second.  The  average  area 
of  the  reservoir  surface  at  time  of  filling  =  25  225  sq.  ft. 

Rise  of  0.35  ft.  over  an  area  of  25  225  sq.  ft.  =  8  829  cu.  ft. 
Allowance  for  voids  in  paving 65       " 

Total 8  894  cu.  ft. 

Total  inflow  =  8  894  cu.  ft.  in  2*  hours  (9  000  seconds),  or  at  the 
rate  of  0.99  cu.  ft.  per  second. 

This  rate  of  discharge  agrees  nearly  with  the  calculated  discharge 
by  Kutter's  formula  if  the  coefficient  of  friction  n  =  0.013  be  used. 
429.15- 396.95  _    32.2    _ 

S~ 707u0  ~  70700  -  U-0UU455- 

Y  =  C  •/#"#=  8  7"\/ 0.292  x  0.000455  =  87  x  0.0115  =  1.0005  ft. 
per  second. 

Discharge  =  1.069  x  1.0005  =  1.07  cu.  ft.  per  second. 

la  February,  1899,  the  writer  was  called  upon  to  measure  again  the 
flow  through  the  same  main,  under  a  slightly  greater  head.  A  weir 
box  22  ins.  wide,  20  ins.  deep  and  9  ft.  3  ins.  long,  was  built  at  the 
inflow  of  the  reservoir,  having  a  90°  triangular  notch  of  No.  20  sheet 
iron  at  the  outflow  end.  Through  this  the  water  flowed  8.9  ins.  deep. 
Using  Thompson's  formula  for  the  discharge  of  triangular  notches: 
The  discharge  =  0.0051  X  -/*T=  0.0051  x  237  =  1.209  cu.  ft.  per 
second. 

A  volumetric  test  was  made  by  allowing  the  water  to  flow  freely  into 
the  reservoir  for  4  hours  5  minutes.  The  average  area  of  the  water 
surface  was  13  149  sq.  ft.,  upon  which  the  rise  was  1.34  ft. 

Rise  of  1.34  ft.  over  an  area  of  13  149  sq.  ft.  =  17  620  cu.  ft. 
Allowance  for  voids  in  paving 80 

Total 17  700  cu.  ft. 

Total  inflow  17  700  cu.  ft.  in  4  hours  5  minutes  (14  700  seconds),  or 
at  the  rate  of  1.204  cu.  ft.  per  second. 

Notes  of  Volumetric  Test. — The  supply  to  city  was  cut  off  at  8.30  p.m. 

Gauge  reading  at    8.45  p.  m.  . .  .2  ft.     l-r0"  ins- 
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Mr.  Hawks.        At  which  time  the  reservoir  was  cut  off  for  12  hours.     No  leakage 
was  observed. 

The  first  and  last  readings  were  taken  most  carefully.  Interme- 
diates were  taken  as  rough  checks. 

This  rate  of  discharge  nearly  agrees  with  the  calculated  discharge 
by  Kutter's  formula  if  the  coefficient  of  friction  n  —  0.013  be  used. 
430.3  —  389.0  41.3  _  „nftKQ. 

S=        70700         =  ^0700-  =  0-000°84- 

V=  C\/R  S=  87 V 292  x  0.000584  =  87  x  0.0132  =  1.148  ft.  per 
second. 

Discharge  =  1.069  x  1.148  =  1.227  cu.  ft.  per  second. 

From  these  two  tests  the  writer  is  led  to  believe  that,  for  similar 
pipes  under  like  heads,  the  coefficient  of  friction,  n  =  0.013,  is  approx- 
imately correct. 

He  also  wishes  to  draw  attention  to  the  fact  that  there  has  been 
practically  no  decrease  in  the  discharge  of  the  main  after  it  Las  been  in 
use  more  than  six  years.  From  all  the  data  he  can  gather,  he  is  of  the 
opinion  that,  for  the  first  ten  years  of  its  life,  such  a  main  can  be  de- 
pended upon  to  give  its  full  calculated  discharge. 
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By  Messrs.  H.  S.  Haines,  H.  G.  Pboijt,  Oberltn  Smith,  W.  B.  Reed, 
G.  S.  Davison,  W.  L.  Webb,  J.  James  R.  Croes,  W.  J.  Baldwin, 
D.  C.  Jackson,  Gustav  Lindenthad,  Edwabd  Wegmann,  Robebt 
Moobe,  C.  W.  Buchholz  and  A.  P.  Davis. 


H.  S.  Haines,  M.  Am.  Soc.  C.  E. — As  the  speaker  is  responsible  for  Mr.  Haines. 
the  submission  of  this  subject  for  discussion  he  will  undertake  to  state 
the  purpose  he  had  in  view  in  suggesting  it. 

Electricity  has  been  gradually  introduced  as  a  motive  power  on  rail- 
roads, first  as  a  substitute  for  horse-car  lines  in  cities;  then  into 
continually  widening  areas,  with  the  extension  of  such  lines  into 
suburban  districts;  all  the  time  offering  more  formidable  competition 
to  steam  railroads,  until  it  has  become  a  question  as  to  its  substitution 
for  steam  on  some  of  these  very  lines. 

*  The  discussion  of  this  subject,  for  which  no  formal  paper  was  presented,  is  printed 
in  Proceedings  in  order  that  the  views  expressed  may  be  brought  before  all  members 
of  the  Society  for  further  discussion.  (See  rules  for  publication,  Proceedings,  vol. 
xxv,  p.  71.)  . 

Communications  on  this  subject  received  prior  to  September  23d,  1899,  will  be  printed 
in  a  later  number  of  Proceedings,  and  subsequently  the  whole  discussion  wdl  be 
published  in  Transactions. 
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Mr.  Haines.  This  problem  has  been  attacked  by  one  or  two  of  our  principal  rail- 
road systems  in  what  may  still  be  considered  an  experimental  way, 
and  it  would  be  a  matter  of  public  utility  if  the  results  so  far  obtained 
should  be  gathered  together  and  be  made  more  accessible  by  publication 
in  the  Transactions  of  this  Society. 

The  profitable  substitution  of  electricity  for  steam  in  a  railroad 
motor  probably  varies  with  its  application,  whether  to  the  traffic  on  a 
strictly  suburban  branch,  or  to  a  branch  in  a  rural  or  manufacturing 
district.  There  is  also  to  be  considered  the  advisability  of  its  applica- 
tion alternately  with  steam  on  the  same  line.  The  conclusion  seems 
to  have  been  reached  that  this  substitution  can  be  more  profitably 
made  where  it  is  desired  to  move  single  cars  frequently  rather  than 
where  it  is  required  to  move  heavy  trains  at  infrequent  intervals. 

The  speaker  thought  of  this  subject  because  of  a  case  that  occurred 
in  his  own  experience.  In  planning  quite  a  long  main  line,  he  had 
occasion  to  provide  for  several  branch  lines  to  reach  factory  sites  or 
manufacturing  villages,  at  varying  distances  from  the  mainline,  where 
a  mixed  train  making  one  or  two  round  trips  per  day  might  meet  all 
the  requirements,  at  least  for  a  year  or  two  after  the  branch  lines  were 
opened.  In  one  case  it  would  be  practicable  to  obtain  current  from  a 
factory  where  it  was  generated  by  water  power.  In  this  way  his  mind 
was  directed  to  the  subject,  but  he  was  not  sufficiently  familiar  with 
the  economic  conditions  affecting  the  transmission  of  an  electric 
current  and  its  use  as  a  motive  power  to  determine  the  question 
satisfactorily  to  himself,  and  hence  its  reference  to  the  Society  for 
discussion. 

The  speaker  is  aware  that  there  is  a  phase  of  the  discussion  of  this 
subject  which  is  more  appropriate  to  a  conference  of  expert  electricians, 
but  it  is  not  that  phase  which  he  has  presented  here.  It  is  distinctly 
as  an  engineering  problem  that  he  asks  for  a  solution.  There  is  an 
apparent  disinclination  on  the  part  of  civil  engineers  to  consider,  as 
appertaining  to  their  domain,  the  application  of  electricity  in  connec- 
tion with  engineering  works,  in  the  same  way  that  they  accept  and 
discuss  questions  involving  the  use  of  water  or  steam  power. 

As  a  help  to  himself,  and  to  others  similarly  interested,  the  speaker 
would  like  to  have  a  discussion  of  the  conditions  under  which  it  would 
be  advisable  to  operate  by  electricity  a  branch  line  to  a  steam  railroad, 
whether  in  a  suburban,  a  manufacturing,  or  a  rural  district;  the  con- 
ditions including  the  length  of  the  branch,  the  character  and  fre- 
quency of  the  traffic,  the  generation  of  the  electric  current  by  water 
power  or  by  steam,  etc. 

The  subject  should  be  considered,  not  only  with  reference  to  lines 
with  a  large  traffic,  but  also  as  applied  to  branch  lines  operated  only 
by  one  locomotive  with  a  single  train  crew,  making  one  or  two  round 
trips  daily. 
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If  these  conditions  can  be  determined  with  approximate  accuracy,  Mr.  Haines, 
the  field  for  the  application  of  electricity  will  be  accordingly  extended, 
and  perhaps  it  will  thereby  become  more  feasible  to  provide  traffic 
facilities  for  communities,  to  which  they  cannot  be  profitably  extended 
with  steam  as  a  motive  power.  * 

Henry  G.  Prout,  M.  Am.  Soc.  C.  E. — This  question  is  pre-eminently  Mr.  Prout. 
one  of  traffic  conditions  rather  than  of  strictly  engineering  conditions; 
although  engineering  covers  traffic  conditions.  Under  such  require- 
ments as  Mr.  Haines  has  suggested,  i.  e.,  branch  lines  with  infrequent 
trains,  it  would  not  be  advisable  to  try  to  substitute  electricity  for  steam 
locomotives;  and  it  is  quite  likely  that  during  the  next  few  years  light 
steam  motors  for  such  work  will  be  developed. 

The  costly  installation  of  the  New  York,  New  Haven  and  Hartford 
Railroad  at  Hartford  and  Berlin,  Conn.,  will  probably  be  found  to  be 
a  very  expensive  and  unremunerative  experiment.  It  is  said  that  about 
half  of  the  machinery  in  the  power  house  is  lying  idle  and  that  one-car 
trains  are  run  at  intervals  of  twenty  or  twenty-five  minutes.  Under 
such  conditions  it  is  impossible  to  pay  the  interest  on  the  cost  of  the 
installation.  In  other  words,  if  the  traffic  is  in  units  of  considerable 
size  at  infrequent  intervals  the  work  can  be  done  more  cheaply  by 
steam  locomotives  than  by  electricity. 

A  locomotive  which  will  develop  say  1  000  H.-P.  will  cost  (we  will 
assume)  $10  000,  and  a  power  house  and  plant  to  develop  1  000  H.-P., 
will  cost  perhaps  $80  000.  Thus  it  will  be  seen  that  the  interest  on 
$70  000  has  to  be  earned,  or  accounted  for  in  some  way  by  the  superior 
economies  of  the  electric  installation. 

It  may  be  said  that  there  will  be  a  great  saving  in  the  fuel  account, 
but  careful  analysis,  made  within  the  last  three  years,  has  shown  that 
the  fuel  will  cost  as  much  per  horse-power  delivered  at  the  rim  of  the 
driving  wheel  for  electricity  as  for  a  steam  locomotive.  Although  in  a 
fixed  plant  cheaper  fuel  can  be  used,  and  with  all  the  appliances  of 
automatic  stoking,  etc.,  can  be  burned  more  cheaply  than  in  the  steam 
locomotive,  yet  the  losses  in  efficiency  of  the  generator,  in  transmis- 
sion, and  in  the  motor,  are  sufficient  to  overcome  that  saving,  and  by 
the  time  the  power  is  delivered  at  the  rail  it  will  have  cost  as  much  in 
coal  as  by  the  locomotive.  This  seems  to  be  a  safe  general  propo- 
sition, although  Mr.  Baker,  General  Superintendent  of  the  Manhattan 
Elevated  Railroad,  has  lately  said  that  many  improvements  have  been 
made  within  the  last  year  or  twc,  and  greater  efficiency  is  obtained 
from  the  generators  and  motors.  But  even  if  a  saving  in  coal  of,  say, 
50%  can  be  made,  yet,  after  all,  the  fuel  item  in  the  operation  of  a  rail- 
road is  comparatively  small.  Assuming  the  fuel  element  to  be  about 
13%  of  the  total  operating  expenses,  then,  even  if  the  saving  in  this 
item  is  50%,  it  is  evident  that  little  has  been  saved  toward  paying  the 
interest  on  the  expensive  electric  installation. , 

*For  further  remarks  by  Mr.  Haines  see  p.  448. 
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Mr.  Prout.  If  the  traffic  is  such  that  its  efficiency,  or  commercial  development, 
requires  a  minute  subdivision  of  the  units,  that  is,  a  division  into  very 
small  units  running  very  frequently,  in  order  to  induce  traffic  to  move, 
then,  of  course,  electricity  will  win,  not  because  it  is  cheaper  than 
steam,  but  because  it  is  adapted  to  such  minute  subdivision. 
Mr.  Smith.  Obeklin  Smith,  M.  Am.  Soc.  C.  E. — For  several  years  past  the 
speaker  has  publicly  advocated  the  use  of  small  electric  motors  for 
driving  machine  tools  and  other  independent  machines.  Although  the 
idea  at  first  appeared  somewhat  chimerical,  individual  motors  are  now 
extensively  so  used,  the  system  having  mostly  passed  beyond  the 
experimental  and  transitional  stages. 

Railroad  motive  power  is  now  in  a  state  of  transition.  "Within  the 
last  ten  years  the  ordinary  street  trolley  line  has  grown  from  a  mere 
experiment  into  a  great  industry,  which  has  not  only  performed  the 
work  of  the  horse-cars  it  displaced,  but  has  created  an  enormous  travel- 
ing habit.  The  time  for  the  universal  use  of  these  motors  on  railroads 
has  not  yet  arrived,  but  the  speaker  believes  that  it  will  come  event- 
ually, in  consequence  of  discoveries  which  will  cheapen  the  use  of  fuel 
and  simplify  electrical  machinery ;  and  also  because  such  a  method 
will  result  in  greater  convenience  to  travelers,  by  reason  of  more 
smoothness  of  motion,  freedom  from  dust,  smoke,  cinders,  etc.,  and 
facility  for  running  single  cars  (or  short  trains)  at  much  more  frequent 
intervals  than  now.  It  therefore  follows  that  the  use  of  electricity  on 
roads  which  are  at  present  run  by  steam,  will  largely  increase  travel — 
and  the  habit  of  traveling.  Such  improvements  make  car  riding  a 
pleasure  rather  than  the  duty  that  it  now  often  is. 

The  foregoing  remarks  apply  to  travel  on  surface  roads,  at  speeds 
much  the  same  as  now  practiced.  The  change  in  method  has  already 
begun,  and  its  adoption  by  all  railroads  is  simply  a  matter  of  relative 
cost — in  construction,  maintenance  and  operation. 

It  would  seem  probable,  however,  that  in  the  next  generation,  if  not 
in  this,  an  entirely  new  type  of  high-speed  railroad  will  be  devel- 
oped. Mechanically,  the  world  is  ready  to  begin  it — financially,  not 
yet,  for  its  cost  would  be  great.  Upon  some  special  type  of  track, 
confining  the  cars  absolutely  against  derailment,  a  speed  of  120  to  150 
miles  per  hour,  and  possibly  more  can  doubtless  be  obtained;  and 
it  would  not  seem  to  be  a  very  wonderful  feat  to  cover  the  90  miles 
between  New  York  and  Philadelphia  in  half  or  three-quarters  of  an 
hour.  There  are  no  physical  or  mechanical  obstacles  which  cannot  be 
overcome  with  our  present  knowledge  and  some  experimenting  with 
details. 

The  danger  of  collision  with  other  objects  can  be  avoided  by  the 
use  of  an  elevated  roadway  with  absolutely  no  crossings,  turn-tables  or 
switches;  and  with  the  trains  run  upon  a  positive  electric  block  system, 
in  one  direction  on  one  track. 
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The  questions  of  derailment  and  collision  being  obliterated,  the  Mr.  Smith. 
speed  of  trains  will  be  limited  only  by  air  resistance  and  by  the  strength 
of  the  wheels  to  resist  centrifugal  force — if  wheels  are  used.  If  the  cars 
are  made  long,  narrow,  pointed,  very  smooth  and  properly  jointed 
together  when  in  trains  of  more  than  one,  they  can  probably  be  run  at 
high  speed  without  encountering  such  great  air  resistance  as  would 
make  the  cost  of  power  too  great.  Such  cost,  however,  must  not  be 
based  upon  present  train  weights  in  relation  to  live  load. 

In  an  article  in  the  Forum,  for  January,  1891,  the  sjjeaker  showed 
that  the  dead  weight  carried  on  American  railroads,  in  many  cases, 
amounted  to  6  tons  per  passenger  on  trains  of  Pullman  cars,  and  that 
a  load  of  1  or  2  tons  per  passenger  is  very  common.  From  a  mechanical 
standpoint  this  excessive  weight  is  not  necessary.  The  bicycle  has 
shown  that  a  person  can  be  carried  over  a  smooth  dirt  road  with  20 
lbs.  of  dead  load,  and  on  an  iron  pathway  this  can  be  further  reduced; 
if  riding  on  a  tricycle  covered  from  the  weather,  as  in  a  car,  this  load 
might  be  150  lbs.,  or  about  his  own  weight. 

In  this  respect  the  bicycle  has  been  an  object  lesson,  and  has  shown 
that  it  is  possible  for  a  vehicle  to  be  so  delicately  made,  to  have  so 
much  refinement  in  its  mechanical  design  and  composition,  with  ball- 
bearings, steel  suspension-spokes,  tubular  frames,  etc.,  that  our  old 
notions  of  wagons  and  cars  appear  absurd  in  comparison,  especially 
when  we  carry  6  tons,  or  even  1  ton,  of  dead  weight  for  each  passenger. 

It  has  been  demonstrated  that  a  heavy  steam  locomotive  and  train 
can  travel  upwards  of  100  miles  an  hoar,  with  all  the  disadvantages  of  a 
tremendous  load  not  on  the  drivers,  and  a  degree  of  uncertainty  as  to 
whether  or  not  the  train  will  stay  on  the  rails.  If,  however,  such  a 
train  could  be  made  safe  upon  a  surface  road,  at  the  speeds  under  con- 
sideration, and  aid  it  not  cost  too  much  for  power,  yet  there  are 
limitations  of  speed  in  respect  to  getting  steam  through  the  ports 
quickly  enough  and  in  working  reciprocating  members — as  pistons, 
connecting-rods,  etc.  These  limitations  do  not  exist  with  rotating 
electric  motors. 

It  would  seem  likely,  therefore,  that  some  of  us  may  live  to  see  some 
such  railroading  as  has  been  indicated — a  service  safe,  rapid  and  fre- 
quent, developed  at  first  over  short  distances  between  very  large  cities. 
Should  we  succeed  in  adapting  to  the  axles  some  form  of  suitable  roller- 
bearings,  we  will  save  as  much  power  as  possible  under  the  circum- 
stances. Should  we,  further,  be  fortunate  enough  to  find  it  practicable 
to  equip  our  wheels  with  rubber  tires,  or  some  yet  to  be  discovered 
equivalent,  we  then  might  get  a  smoothness  and  quietness  of  running 
which  would  indeed  proclaim  the  advent  of  the  ideal  railroad. 

One  reason  why  electricity  works  better  upon  steep  grades  is  that, 
with  the  best  modern  systems,  every  wheel  in  the  train  can  be  made  a 
driving  wheel.     A  train  can  be  comparatively  light,  without  the  dead 
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Mr.  Smith,  weight  of  a  locomotive,  and  yet  have  sufficient  traction.  With  a  steam 
train  we  not  only  have  the  cars  very  heavy,  especially  Pullman  cars, 
but  we  have  the  big  locomotive  itself  to  drag  up  grades,  with  only  the 
adhesion  due  to  the  weight  of  part  of  the  locomotive,  such  as  hajspens 
to  be  on  the  drivers.  This  is  evidently  very  different  from  being  able 
to  have  a  very  light  train  and  making  every  wheel  a  driver,  with  every 
pound  of  the  train  and  load  contributing  its  share  of  adhesion. 
Mr.  Reed.  W.  B.  Eeed,  Assoc.  M.  Am.  Soc.  C.  E. — The  discussion,  up  to  this 
point,  has  referred  mainly  to  passengers.  The  question  of  carrying 
freight  in  combination  with  passengers,  upon  electric  lines,  should 
also  be  discussed.  Generally  speaking,  it  has  been  found  that  for 
short  distances  passengers  can  be  carried  more  comfortably  and  more 
cheaply  by  electricity  than  by  steam,  but  in  the  carrying  of  freight 
little  has  been  done  by  electricity  as  yet.  That  is  a  feature  which  will 
grow  in  the  future. 

When  freight  is  to  be  carried  over  passenger  lines  by  electricity  it 
will  have  to  be  taken  through  city  streets,  or  at  least  over  highways, 
and  the  rails  should  be  designed  to  meet  the  conditions  of  electric 
cars  which  have  shallow  flanges;  freight  cars  with  deeper  flanges,  and 
which  vary  more  or  less  in  gauge,  requiring  not  only  a  deep  groove 
but  a  wide  flangeway ;  and  the  ordinary  vehicle  traffic. 

G.  S.  Davison.  M.  Am.  Soc.  C.  E.  — About  8  or  9  years  ago  the 
speaker  was  in  charge  of  the  construction  of  a  small  branch  line  near 
Pittsburg  which  was  required  to  connect  a  small  manufacturing  town 
with  the  Pittsburg  and  Lake  Erie  Railroad  and  the  Pennsylvania  lines. 
It  was  an  independent  corporation,  controlled  by  manufacturers  in  the 
town,  and  it  was  equipped  at  first  with  steam  power.  The  president 
of  the  company  conceived  the  idea  that  with  such  cheap  fuel  as  is  to 
be  had  in  that  neighborhood,  and  in  view  of  a  proposed  change  in  the 
future  from  steam  to  water  power,  it  would  be  proper  to  operate 
this  branch  by  electricity  instead  of  steam.  He  experimented  slowly, 
and  equipped  the  line  as  a  trolley  road,  but  separated  the  passenger 
and  freight  traffic,  and  carried  the  former  by  electricity  and  the  latter 
by  steam  locomotives. 

The  speaker  does  not  know  the  results  of  the  operations  of  this 
company,  but  judging  from  later  occurrences  he  believes  that  the 
separation  of  the  passenger  and  freight  service  was  found  to  be  a 
mistake.  In  this  case  the  company  had  ideal  conditions  for  cheap 
fuel,  and  had  also  its  own  electric  power  plant.  It  was  not  necessary 
to  install  a  new  plant,  but  simply  to  add  to  the  old. 

The  road  was  afterward  purchased  by  the  Pittsburg  and  Lake  Erie 
Railroad  Company,  and  is  now  being  operated  as  a  branch  of  that 
road.  The  company,  on  acquiring  this  branch  line  studied  its  opera- 
tion to  determine  whether  it  should  be  conducted  as  an  electric 
line  in  part  or  as  a   whole,  or  whether   it   should  be    operated  as  a 
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steam  road.  As  the  electrical  equipment  was  discarded  and  as  the  Mr.  Davis, 
road  is  now  being  operated  by  steam,  it  may  be  assumed  that  elec- 
tricity was  found  to  be  uneconomical.  The  causes  which  led  to  this 
change  are  not  known  to  the  speaker,  but  he  suggests  that  possibly 
the  trolley  equipment  might  have  been  found  very  inconvenient  when 
operating  the  road  by  steam  as  a  freight  line.  The  third-rail  system 
may  prove  to  be  more  practicable  than  the  trolley  in  such  cases,  but 
the  latter  must  be  excluded  on  account  of  its  inconvenience. 

In  the  vicinity  of  Pittsburg  there  is  a  large  mine  which  is  operated 
for  some  7  miles  back  from  the  point  where  the  coal  is  brought  to 
the  tipple;  the  means  of  bringing  the  coal  to  the  opening  being 
virtually  a  small  branch  railroad.  This  branch  passes  through  several 
tunnels  and  has  been  operated  as  a  steam  railroad  for  a  number  of 
years.  At  the  present  time  the  first  5  miles  of  the  road  is  being 
operated  as  an  electric  line,  using  the  trolley  system,  and  on  the 
remainder  of  the  line,  next  to  where  the  coal  is  brought  out  to  the 
tipple,  steam  locomotives  are  used.  The  owner  stated  that  the  opera- 
tion had  been  planned  in  that  way,  and  that  they  had  been  justified 
in  hauling  the  coal  the  first  distance  by  electricity,  because  the  use  of 
steam  locomotives  in  the  mines  was  detrimental  to  the  health  of  the 
men.  But,  taking  full  account  of  the  cost  of  installation,  power,  etc., 
they  had  not  found  that  it  would  be  cheaper  or  better  to  continue  the 
use  of  the  trolley  to  the  tipple. 

The  fuel  of  this  power  station  is  delivered  directly  from  the  mine 
into  the  boiler  house,  and  yet,  on  the  5  miles  operated  by  electricity, 
the  saving  on  fuel  is  so  small  that  the  expense  of  an  electric  equip- 
ment for  the  remaining  2  miles  would  not  be  justified. 

As  the  topic  for  discussion  refers  only  to  the  operation  of  branch 
roads,  in  connection  with  a  main  line,  Mr.  Smith's  proposition  to 
attach  a  motor  to  every  axle  on  the  train  would  seem  to  be  impractic- 
able as  it  would  involve  the  equipment  of  every  car  of  the  trunk 
line  so  that  it  could  be  used  on  the  branch. 

Walter  L.  Webb,  Assoc.  M.  Am.  Soc.  C.  E.— The  relation  of  grades  Mr.  Webb. 
to  the  question  of  steam  or  electric  operation  has  not  yet  been  touched 
upon  in  this  discussion.  On  a  steam  railroad,  a  grade  of  2%  is  con- 
sidered steep,  while  A%  marks  almost  the  limit  of  working  on  such 
roads;  yet  on  many  of  the  electric  railroads  in  the  United  States  there 
are  grades  of  10%"  and  even  steeper.  On  steam  roads  which  are  steep 
in  some  places  and  flat  in  others  there  is  a  great  waste  of  power.  This 
occurs,  not  on  the  heavy  grades  where  the  engines  are  hard  worked, 
but  on  the  light  grades  where  the  great  reserve  power — at  those  points 
doing  practically  no  work — has  to  be  maintained  for  service  on  the 
heavy  grades.  On  an  electric  road  the  amount  of  power  used  is 
almost  proportional  to  the  work  to  be  done,  and  this  is  an  important 
element  in  its  economy.     On  a  railroad  in  a  mountainous  region  it 
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Mr.  Webb,  should  be  possible  to  adopt  a  cheaper  form  of  construction  than  is 
necessary  for  a  steam  road  with  its  requirements  of  low  uniform  grade, 
and  to  use  freely  very  steep  grades  where  desirable.  Assuming  a  fair 
amount  of  traffic,  so  distributed  as  to  keep  the  road  in  uniform 
operation,  electricity  will,  in  many  cases,  prove  more  desirable  than 
steam  locomotives,  taking  into  consideration  the  interest  on  the  cost 
of  the  construction  and  installation,  and  the  expense  of  operation,  and 
this  will  be  true  for  these  reasons  alone,  to  say  nothing  of  the  possible 
economies  consequent  on  a  utilization  of  water-power. 

Mr.  Croes.  J.  James  E.  Ckoes,  M.  Am.  Soc.  C.  E. — The  economical  generation 
of  power,  either  steam  or  electric,  implies  a  constant  and  continuous 
operation  of  the  generating  plant.  "When  variable  power  is  needed, 
the  generating  plant  must  be  constantly  operated  at  its  maximum 
efficiency.  When  the  work  to  be  accomplished  can  be  distributed 
over  a  continuous  period  of  10  to  24  hours,  the  power  can  be  more 
economically  generated  by  an  indirect  application  through  a  stationary 
plant  than  by  a  direct  application  of  the  fuel  to  the  motor,  as  in  the 
steam  locomotive.  Where,  however,  the  work  involves  a  spasmodic 
application,  occupying  only  a  limited  amount  of  time,  at  irregular 
periods  during  the  day,  the  generation  of  power  by  an  independent 
motor,  capable  of  producing  in  itself  the  power  needed,  is  more  con- 
venient and  more  economical  than  its  production  by  a  central  plant. 

Steam  power  at  the  present  day  can  be  generated  spasmodically 
more  efficiently  than  electric  power.  The  requirements  of  railroad 
service  on  a  line  of  limited  traffic  are  spasmodic,  reaching  a  maximum 
at  certain  hours;  and  until  a  storage  battery  has  been  devised  in  which 
the  power  produced  continuously  can  be  stored  and  used  for  spasmodic 
application,  which  application  shall  satisfy  a  maximum  call  greater  than 
the  average  efficiency  required  of  the  generating  plant,  electricity  can- 
not be  applied  more  economically  than  steam.  At  present,  it  seems  to 
the  speaker  that  where  the  work  is  spasmodic,  steam  power  is,  and  must 
be,  more  economical  than  electric  power,  for  branch  railroads. 

William  J.  Baldwin,  M.  Am.  Soc.  C.  E. — In  many  States  the 
warming  of  cars  is  obligatory  by  law,  and  the  cost  of  heating  should 
therefore  be  taken  into  consideration  in  a  comparison  of  railroad 
operation  by  steam  and  by  electricity.  About  three  years  ago  the 
speaker  had  occasion  to  test  an  electric  heater.  There  was  no  unit 
of  measurement  to  be  determined,  but  the  heater  furnished  was  found, 
by  comparison,  to  agree  with  28  ft.  of  steam-heating  surface.  It  was 
found  that  28  ft.  of  steam-heating  surface  will  condense  about  7  lbs. 
of  water  in  an  hour,  or  about  0. 25  H.  -P.  The  electric  heater,  prac- 
tically the  equivalent  of  the  heating  surface  mentioned,  required 
between  6  and  7  electric  H.-P.  The  result  of  this  test  indicates  that 
warming  by  electric  heaters  requires  27  or  28  times  the  horse-power 
needed  to  warm  bv  steam. 
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D.  C.  Jackson,  M.  Am.  Soc.  C.  E. — There  is  no  mystery  about  this  Mr.  Jackson, 
matter,  and  Mr.  Croes  has  well  stated  the  case.  It  is  more  economical 
— not  more  efficient — to  generate  power  for  operating  a  railroad  or  a 
group  of  manufacturing  establishments  at  a  central  station  only  when 
the  power  can  be  used  continuously  over  long  hours,  for  the  reason 
that  when  the  traffic  on  the  railroad  or  the  load  on  the  motors  at  the 
manufacturing  establishments  is  continuous,  the  demand  on  the  central 
station  for  power  is  continuous,  and  the  cost  for  interest  and  labor  pev 
horse-power  hour  developed  by  the  station  is  brought  to  a  reason- 
able figure.  Where  traffic  requirements  are  intermittent,  it  is  more 
economical  to  operate  a  railroad  by  steam  locomotives.  If  a  plant  of 
1  000  H.-P. ,  installed  to  operate  a  branch  railroad  with  freight  traffic, 
is  called  on  for  its  output  for  only  3  hours  of  the  day,  24  hours  of  in- 
terest charges  lie  against  the  3  hours  of  output.  There  are  at  the 
station,  daily,  possibly  10  hours  of  full  labor  and  14  hours  of  one-half 
or  one-third  labor,  and  if  this  is  charged  against  the  3-hour  output,  it 
makes  the  cost  of  operating  the  station,  per  horse-power  hour, 
enormous.  Whether  or  not,  electric  power  may  be  economical  in  various 
cases  is,  as  Mr.  Prout  has  said,  a  matter  of  the  distribution  of  traffic. 

These  remarks  apply  equally  to  electric  power  plants  where  the 
prirne  power  is  derived  from  steam  engines  or  water  wheels.  The 
larger  cost  of  development  of  a  water-power  plant  will  often  cause  an 
excess  interest  charge  which  is  equal  to  the  cost  of  fuel  in  a  steam 
plant  designed  to  do  the  same  work,  and  the  average  small  water- 
power  plant  does  not  embrace  such  economical  advantages  as  are  gen- 
erally ascribed  to  it. 

The  case  of  a  main  line  feeder,  as  put  by  Mr.  Haines,  is  a  special 
case  under  the  general  proposition,  and  under  some  circumstances  it 
is  possible  that  electric  power  can  handle  the  traffic  most  economically. 
These  conditions  would  assume  a  number  of  main-line  feeders,  located 
reasonably  near  a  given  point,  so  that  the  entire  load  of  all  these 
branches  may  be  carried  by  a  central  station,  using  a  fairly  high  trans- 
mitting pressure.  The  traffic  should  be  broken  into  units  somewhat 
smaller  than  would  be  operated  ordinarily  by  steam  power  direct,  and 
schedules  of  train  movements  should  be  so  arranged  that  the  station 
may  be  fairly  well  loaded  during  at  least  12  hours.  If  the  schedules 
are  so  arranged  that  once  or  twice  during  the  day  a  single  mixed  train 
will  be  running  simultaneously  over  each  of  these  branches,  the 
speaker  doubts  if  electric  power,  from  the  point  of  view  of  dollars  and 
cents,  can  ever  compete  with  the  steam  locomotive. 

Referring  to  the  requirements  for  the  electric  heating  of  cars,  some 
of  the  western  electric  street  railways  make  provision  for  turning  into 
the  heaters  during  cold  weather,  as  much  power  as  is  required  to  move 
the  cars.  In  other  words,  in  very  cold  weather,  a  station  output  of 
double  that  necessary  to  handle  the  cars  is  anticipated. 
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Mr.Lindenthal. 


Mr.  Wegmann. 


Mr.  Moore. 


Gttstav  Lindenthab,  M.  Am.  Soc.  C.  E. — In  discussing  this  question 
an  important  feature  is  the  ability  to  store  electric  power.  In  recent 
years  several  electric  power  plants  have  been  so  constructed  that,  when 
running  at  a  uniform  rate,  the  power  generated  in  excess  of  current 
demand  could  be  stored  up  in  secondary  batteries  acting  as  reser- 
voirs, to  be  given  out  again  whenever  the  demand  for  power  exceeds 
the  capacity  of  the  plant. 

A  railroad  train  in  descending  a  grade  wastes  power  in  grinding  up 
brake  shoes,  and  heretofore  this  power  has  not  been  stored  in  any 
form.  It  is  possible  to  generate  and  store  that  power  in  the  form  of 
electricity,  which  can  be  used  again  in  hauling  trains  or  cars  up  an 
ascending  grade,  or  for  lighting  or  heating  purposes.  The  speaker 
believes  that  the  feature  of  storing  electric  power  should  have  an 
important  bearing  in  any  comparison  of  the  economies  of  locomotive 
and  electric  traction,  particularly  in  mountainous  countries  where 
coal  may  be  dear  and  water-power  cheap. 

Edwaed  Wegmann,  M.  Am.  Soc.  C.  E. — The  speaker  objects  to  the 
statement  that  steeper  grades  can  be  used  on  electric  tramways  than 
on  ordinary  steam  railroads.  While  it  is  undoubtedly  true  that 
steeper  grades  are  used  on  trolley  lines  than  on  ordinary  railroads, 
this  difference  should  not  be  credited  to  electricity  as  against  steam, 
but  to  the  placing  of  a  motor  under  each  car.  If  a  steam  engine  were 
applied  to  a  car  in  this  manner,  the  car  could  be  driven  up  any  of  the 
grades  to  be  found  on  trolley  lines. 

Before  any  trolley  lines  had  been  constructed  the  speaker  had  spent 
two  or  three  years  in  assisting  an  inventor  in  developing  and  introduc- 
ing a  steam  street  car,  which  was  run  successfully  in  Brooklyn.  This 
car,  which  was  propelled  by  a  small  three-cylinder  steam  engine,  placed 
between  the  axles  and  suspended  from  the  car  frame,  was  able  to  run 
up  10%  grades. 

While  such  a  car  might  be  used  to  advantage,  where  only  a  few  trips 
had  to  be  made  each  day,  it  had  several  disadvantages  compared  with 
trolley  cars:  1st,  The  weight  of  the  boiler  was  objectionable;  2d,  A 
licensed  engineer  was  required  for  each  car.  One  of  the  great  advant- 
ages of  the  trolley  system  is  that  men  of  ordinary  intelligence  can  soon 
be  taught  to  run  the  cars. 

In  the  case  of  pulling  a  train  by  a  special  motor,  the  grade  that 
could  be  overcome  depended,  as  was  well  known,  on  the  weight  on  the 
driving  wheels,  the  rolling  friction  of  the  wheels,  and  the  weight  of 
the  train.  It  made,  therefore,  no  difference  as  regards  the  grades, 
whether  steam,  electricity,  compressed  air,  or  any  other  motive  power 
were  used  to  propel  the  motor. 

Robekt  Moobe,  M.  Am.  Soc.  C.  E. — Each  particular  case  of  this 
kind  must  be  considered  by  itself.  In  the  case  indicated  by  Mr. 
Haines,  in  which  the  power  is  to  be  rented  and  paid  for,  presumably, 
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by  a  meter,  the  conditions  of  economy  would  be  very  different  from  Mr.  Moore. 
those  in  which  the  railroad  company  would  be  required  to  install  the 
plant,  and  bear  the  cost  of  the  current  whether  it  were  being  used  or 
not.  Therefore  a  proposition  which  would  cover  all  cases  might  be 
very  delusive.  So  far  as  a  general  proposition  can  now  be  made  it 
must  be  substantially  as  indicated  by  Mr.  Prout. 

When  the  conditions  are  those  of  an  urban  traffic  — a  very  large 
number  of  small  trains — electricity  has  abundantly  demonstrated  its 
superiority  over  every  other  form  of  motive  power;  but  when  the 
conditions  are  very  different  from  those  of  urban  traffic — when  the 
trains  are  infrequent  or  heavy — the  speaker  doubts  its  economy,  and 
sees  no  indications  that  it  is  likely  to  be  economical  in  the  near 
fixture. 

Regarding  the  superior  economy  claimed  for  the  electric  motor  on 
heavy  grades,  the  point  cited  by  Mr.  Wegrnann  is  a  sufficient  answer. 
The  power  is  developed  only  by  the  traction  of  the  driver  on  the  rail, 
and  that  is  a  function  of  its  weight;  thus,  there  can  be  no  saving  in 
that  respect.  But  there  is  another  point  which  should  not  be  lightly 
regarded,  the  great  danger,  in  operating  on  very  steep  grades,  of  the 
failure  of  brake  power.  Any  such  failure  means  disaster,  as  many 
who  have  had  occasion  to  operate  heavy  grades  well  know. 

In  fact,  if,  with  a  possibility  of  doing  otherwise,  any  one  is 
tempted  to  use  heavy  grades,  the  best  advice  to  follow  is  that  of 
Punch  to  those  about  to  be  married — "  Don't." 

C.  W.  Buchholz,  M.  Am.   Soc.  C.  E. — The   facts  are  against  the  Mr.  Buehhokz. 
assertion  that  the  grades  on  an  electric  road  can  be  steeper  than  on  a 
steam  road.     The  power  of  a  locomotive  depends  upon  its  adhesion  to 
the  rail,  and  it  makes  no  difference  whether  the  power  is  steam  or 
electricity. 

A.  P.  Davis,  Assoc.  M.  Am.  Soc.  C.  E.  — This  question  is,  without  Mr.  Davis, 
doubt,  one  of  the  kind  of  traffic,  and  to  one  more  familiar  with 
hydraulics  than  with  railroad  work,  it  appears  to  be  a  matter  of 
saving,  not  20,  40  or  50%  of  the  fuel,  but  all  of  it.  It  has  been  pointed 
out  that  electric  power  makes  its  best  showing  in  the  mining  regions, 
and  one  of  its  chief  advantages  seems  to  be  that  on  steep  grades  it 
requires  less  dead  weight  than  steam  power,  an  important  point  in 
regions  where  steep  grades  are  unavoidable.  In  mountainous  regions 
the  railroads,  both  main  and  branch  lines,  follow  the  streams,  some- 
times of  heavy  fall,  where  water  power  can  be  developed  cheaply.  In 
many  cases  in  the  West  a  water-power  plant  would  not  be  chargeable 
with  the  total  expense  of  the  development,  for  whatever  of  diversion 
works  and  storage  facilities  are  required  are  equally  available  as  parts 
of  an  irrigation  system  which  will  receive  the  water  after  it  has  been 
used  for   power. 

Two  lines  of  railroad  extend  up  the  line  of  the  Arkansas  River, 
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Mr.  Davis,  cross  the  Rocky  Mountains  and  follow  the  Grand  Kiver  down  on  the 
other  side.  There,  where  coal  is  much  more  expensive  than  in  the 
East,  is  an  immense  amount  of  power,  constantly  going  to  waste, 
which  might  be  utilized  by  the  electric  system  to  move  those  frequent 
and  heavy  trains.  Undoubtedly,  the  time  is  approaching  when  a 
great  saving  can  be  made  in  equipping  with  electric  power,  not  only 
branch  lines,  but  main  roads  as  well,  through  mountainous  regions, 
where  water  power  is  available.  Improvements  in  the  transmission  of 
power  are  still  possible,  and  the  utilization  of  water-power  in  railroad 
operation  is  mainly  a  question  of  transmission.  As  transmission 
methods  are  improved,  and  as  railroad  traffic  in  such  regions  increases, 
the  advantage  of  electric  over  steam  power  will  be  demonstrated  with 
a  definiteness  to  which  the  probable  advance  iu  the  price  of  fuel 
will  add  its  contribution. 
Mr.  Haines.  H.  S.  Haines,  M.  Am.  Soc.  C.  E. — This  question  was  suggested  by 
the  sjjeaker  because  he  considered  it  to  be  of  practical  moment,  and 
because  he  desired  to  obtain  from  members  of  the  Society  an  authentic 
expression  of  opinion  as  to  how  far,  in  the  present  state  of  the  art,  it 
was  advisable  to  substitute  electricity  for  steam  as  a  motive  power  on 
branch  lines  of  steam  railroads. 

If  electricity  is  used  on  branch  lines  it  must  be  used  in  connection 
with  the  vehicles  in  which  passengers  and  freight  are  transported  on 
the  main  lines.  It  is  not  only  desirable  to  ascertain  what  can  be  done 
with  electricity  under  this  aspect  of  the  case,  but  also  what  cannot  be 
done.  There  is  one  general  proposition  that  all  will  accept,  viz. ,  that 
in  the  present  state  of  the  art  there  is  no  doubt  that  electricity  can  be 
economically  substituted  for  steam  on  a  branch  of  a  steam  railroad 
where  there  are  single  units  of  transportation  moving  at  frequent  inter- 
vals, because  the  power  can  be  used  uniformly  and  continuously  and 
because  a  large  plant  is  not  lying  idle  for  the  greater  part  of  the 
time. 

To  state  the  cases  in  which  electric  transmission  cannot  be  applied, 
a  process  of  exclusion  must  be  used;  therefore,  let  it  be  said  that  it 
can  be  applied  economically  on  branch  lines  for  suburban  purposes. 
If  that  is  the  case,  it  strengthens  the  steam  railroads  which  have 
suburban  branches  competing  with  trolley  lines.  This  seems  to  have 
been  the  idea  which  has  prevailed  in  the  minds  of  the  management  of 
some  of  the  principal  railroad  systems  operating  out  of  large  centers 
of  population.  The  speaker  recently  had  occasion  to  talk  this  matter 
over  with  some  of  the  principal  officials  of  the  New  York,  New  Haven 
and  Hartford  Railroad,  who  have  probably  had  more  experience  in  this  - 
matter  than  anyone  else;  and  the  impression  received  was  that  they 
are  quite  well  satisfied  with  what  they  have  done  thus  far  in  an  experi- 
mental way,  and  they  are  extending  the  system.  There  is  one  point, 
however,  which  they  have  not  yet  determined,  and  that  is,  the  con- 
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ditions  under  which  the  third  rail  should  take  the  place  of  the  trolley  Mr.  Haiups. 
wire. 

Admitting  that  electricity  can  be  used  economically  on  suburban 
lines  the  next  question  is:  Can  it  be  used  on  branch  lines  under  other 
conditions'?  Judging  from  the  preceding  discussion  the  speaker 
believes  that  electric  motors  might  be  used  to  great  advantage  on 
branch  lines  in  a  manufacturing  district,  even  for  handling  freight, 
if  power  can  be  obtained  along  those  lines  from  manufacturers  who 
have  it  to  spare. 

On  a  line  running  into  a  rural  district  it  would  seem  hardly  practi- 
cable to  use  electricity,  unless,  as  Mr.  Davis  remarked,  water-power 
could  be  obtained.  That  was  one  of  the  conditions  in  the  case  which 
was  being  considered  by  the  speaker.  The  main  line  was  for  some 
miles  parallel  with  a  stream  which  it  was  intended  to  develop  for 
manufacturing  purposes;  but  the  line  ran  along  a  ridge  and  the  water- 
power  was  down  in  the  valley.  If  branch  lines  could  be  run  down  into 
the  valley  the  water-power  there  could  probably  be  used  more 
economically  than  steam. 

The  speaker  need  not  discuss  the  question  of  heavy  grades,  as  that 
has  been  covered  so  well  by  Mr.  Buchholz.  Unless  by  the  use  of 
electricity  the  traction  can  be  made  stronger  than  the  mere  adhe- 
sion due  to  the  weight  of  the  locomotive,  that  question  need  not  be 
considered. 

To  sum  up,  it  may  be  said  that  in  the  present  state  of  the  art  it  is 
only  admissible  to  apply  electricity  on  what  may  be  called  suburban 
passenger  lines;  except  that  it  may  be  applied  where  power,  for  certain 
local  reasons,  may  be  obtained  more  cheaply  than  by  means  of  the 
steam  locomotive. 
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GENERAL   CRITERION   FOR  POSITION  OF  LOADS 
CAUSING  MAXIMUM  STRESS  IN  ANY  MEM- 
BER OF  A  BRIDGE  TRUSS. 
Discussion.* 


By  Mr.  F.   C.  Kunz. 


Mr.  Kunz.  F.  C.  Kunz,  M.  Am.  Soc.  C.  E.  (by  letter). — The  method  of  influence 
lines  is  not  so  often  used  as  other  methods,  although  it  is  the  simplest 
way  to  determine  stresses,  even  for  uniform  loading,  in  many  cases, 
and  particularly  for  web-members  of  all  but  Pratt  trusses,  bending 
moments  of  pins  when  simultaneous  stresses  have  to  be  found,  etc. 

On  page  78  the  author  gives  a  general  rule  for  drawing  influence 
lines.  For  use  in  sj)ecial  cases  all  similar  methods  derived  from  the 
theory  of  moments  offer  for  web- members  but  little  advantage,  as  the 
point  of  intersection  of  the  top  and  bottom  chords,  lies,  as  a  rule,  be- 
yond the  drawing  board.  Of  all  the  methods  published  on  this  subject, 
the  writer  gives  in  the  following  the  simplest  he  has  yet  found.  It  was 
first  published  by  Professor  B.  Land  in  Constantinople,!  and  applies 
to  all  cases  of  trusses  with  verticals  and  at  least  one  horizontal  chord. 

For  a  diagonal  Cx  1)  rising  to  the  left,  Fig.  10  (and  C  Bl  rising  to  the 
right,  Fig.  11) : 

Produce  the  top  chord  of  the  panel  in  question  to  its  intersection 
Av  (B,),  with  the  end  vertical  A,  (B),  and  join  Ax  and  B,  (Bx  and  A); 
then  the  area  Ax  Cx  B  B  Av   (area  A  C  BY  Bx  A),  is  the  influence  area 

*  Continued  from  April,  1899,  Proceedings.    See  March,  1899,  Proceedings  for  Paper 
by  L.  M.  Hoskins,  Esq.,  on  this  subject. 
t  Centralblatt  der  Bauverwaltung.  1897. 
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when  a  =  unit  load. 
Its  -f-  (tension)  and  — 
(compression)  value  is 
found  by  simple  in- 
spection. 

For  a  vertical  D 
Dls  Fig.  10  (and  Fig. 
11): 

Produce  tlie  top 
chord  next  to  the 
vertical  to  its  inter- 
section Ax,  (B^),  as 
before;  then  the  area 
Al  Dx  E  B  Ax,  (area 
A  G  I)x  Bx'  A)  is  the  , 
influence  area  when  k 
=  unit  load. 

Professor  Land  de-  — 
rives  these  rules  in  a 
general  way  by  means 
of  cinematical  prin- 
ciples. The  writer 
gives,  in  the  follow- 
ing, a  proof,  using 
the  general  rule  on 
page  78. 

Given  four  verti- 
cals F,  A,  C  and  D 
and  a  point  B  (Fig. 
12).  From  B  draw  -f 
any  two  lines,  join 
Fx  Ax,  produce  this  to 
0],  join  Cy  Dx;  then 
the  locus  of  the  point 
of  intersection  of  0, 
D{  and  Ax  B  is  the  _|_ 
same  vertical  z  for 
any  two  lines  drawn 
from  B.     Since  (Fig. 


m2      y-i 

am 
=  —, — ,     and 
h 

a  n{  ml 

—. — ;  hence   — 

(■>  m.y 


and 


Vi 


V\ 


Mr.  Kunz 


Area  of  influence  for  vertical  1>  . 
=rarea  A,DiE  B  A,^  h 
(h=D  D,) 


Area  of  influence  fur  diagonal  Cj 
=  area  AC  D,B,A^  a 


Fig.  11. 
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Mr.  Kunz.  in  I 


—,  the  position  of  the  ^-vertical  depends  only  on  the  relative  posi- 


tion of  the  verticals  F,  A,  C  and  I)  and  the  point  B. 

In  drawing  the  two  lines  from  D  through  the  skeleton  of  the  truss 
in  such  a  way  that  B  A  corre- 
sponds to  the  one  and  B  Ax  to  the 
other,  we  see  directly  that  as  zl  lies 
vertically  above  z  it  represents  the 
zero  point,  and  hence  the  area  Av  F,< 
Cx  D  B  Av  in  the  skeleton  is  the 
influence  area  of  the  stress  in  the 
diagonal  Gl  D. 

There  remains  only  to  find  its  scale.     In  other  words,  by  what  unit 

load  a  must  yjy  be  divided  to  give  yit  L  e. ,  —  =  yY  and  a  =  — l. 


Fig.  12. 


V\ 


value 


— ,  substituting  for  a  its 
h 

(see  page  78)  a  =  —j-f-> 
we  have  yv  =  -y— .  As  >/,  =  hx 
—    -—■  we  get,  after  a  short 

»!  I 

?/l  //i  t 

transformation,  a  = — ■  =  — . 

V\         ni 
Further,  ^F  G  D  ^  ^  C  Cx  D, 

hence  t  =        2,  where  d denotes 

h,   n., 


Oj  D.     Thus  we  get  a  = 


d  n. 


Fig.  13. 


h ,  n  2 

and  as  —    —  =  Zs.,,  we  get  the  unit  load 


~d~ 


,  which  can  easily  be  scaled  off  in  the  skeleton.     From  the 


proportion  ~  =  — —    follows    the 

construction  of  the  influence  line 
to  any  desired  scale. 

For  the  vertical  B  D,  (Fig.  II) 
it  follows  that  the  point  z{  is  the 
zero  point  of  the  influence  area 
A{  Bx  E  B  A\.  Using  the  nota- 
tion in  Fig.  II,  we  have  again   y,    a 


where    a    = 


am 


It 


and 


h  /,   u  4 
I     it. 


Fig.  14. 
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After    a    short     transformation    we    get     —  =  h  =  unit  load,  ami  Mr.  Kim/. 

I  h' 


4- 


Area  of  influence  for  diagonal  C,[. 

=  area  A,C,DBA,^ra 


s       .Area  o/  influence  fur  diagonal  E, 
s==  arm  ^4  X)  if,  B,  ^1  -;-  a' 


Fig.  15. 


Fig.  15  shows  the  application  of  the  above  rule  for  the  diagonals  of 
a  half  truss  of  a  drawbridge  considered  as  a  single  span,  which  will 
be  of  particular  use  in  determining  the  bending  moment  on  the  pin  I) 
for  this  condition. 
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COMPARATIVE    TESTS    OF    BITUMINOUS    STEAM 

COALS. 
Discussion.* 


By  Messrs.  William  H.  Bryan  and  R.  C.  Caepentek. 


Mr.  Bryan.  Mr.  William  H.  Bbyan  (by  letter). — This  paper  represents  such  an 
amount  of  experimental  research,  and  the  results  have  been  compiled 
with  such  great  labor  and  care,  that  considerable  study  is  necessary  to 
fit  one  to  discuss  it  intelligently.  This,  taken  with  the  author's  high 
standing  as  an  engineer,  would,  for  the  most  part,  tend  to  disarm 
criticism.  The  paper  is  unquestionably  a  most  valuable  addition  to 
the  data  on  the  value  of  steam  coals  in  everyday  steam-boiler  service. 

The  following  points  of  criticism,  however,  would  probably  occur 
to  the  average  engineer  familiar  with  boiler  trials: 

First. — The  starting  and  stopping  of  the  tests  do  not  seem  to 
have  been  done  by  either  the  "standard  "  or  the  "  alternate  "  method, 
recommended  by  the  code  of  the  American  Society  of  Mechanical 
Engineers,  which  for  many  years  has  represented  the  best  American 
practice.  It  is  to  be  regretted  that  one  or  the  other  plan  was  not 
followed  rigidly.  The  author  states  that  the  time  of  beginning  and 
closing  a  test  was  when  the  coal  charge  on  the  grates  was  no  longer 
able  to  maintain  working  steam  pressure.  This  seems  rather  indefinite, 
and  more  likely  to  introduce  error  than  either  the  "standard  "or 
"  alternate  "  method  referred  to.  The  writer's  preference  is  for  the 
"alternate"  method,  which  he  thinks  would  have  given  excellent 
results  in  the  present  case;  and  he  doubts  whether  Mr.  Hill's  method 

♦Continued  from  May,  1890,  Proceedings.  See  April,  1899,  Proceedings  for  Paper  by 
John  W.  Hill,  M.  Am.  Soe.  C.  E.,  on  the  subject. 
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insures  that  the  quantity  and  condition  of  the  fuel  on  the  grate  are  Mr.  Bryan 
the  same  at  the  beginning  and  end  of  the  test.  The  duration  is,  in 
all  except  six  tests,  exactly  16  hours,  which  leads  to  the  suspicion 
that  exactness  as  to  the  conditions  might  possibly  have  been  sacrificed 
to  uniformity  of  time.  The  duration  of  the  tests,  however,  was  suffi- 
ciently long  to  eliminate  largely  any  errors  which  might  have  crepl 
in,  in  starting  and  stopping. 

Second. — The  use  of  meters  for  measuring  the  water  seems  unfor- 
tunate, in  view  of  their  known  unreliability.  The  system  of  calibra- 
tion was,  of  course,  such  as  to  reduce  the  possibility  of  error  to  a 
minimum,  but  the  use  of  the  ordinary  weighing  or  measuring  tanks 
would  not  have  greatly  increased  the  complication,  and  would  have 
eliminated  doubt. 

Third. — Table  No.  4  is  a  comparison  of  the  boilers  when  clean  and 
when  dirty,  and  shows  a  fuel  saving  of  '2\%  in  favor  of  the  clean 
boilers.  The  cleaning,  however,  seems  to  have  been  entirely  internal, 
and  no  data  are  given  as  to  the  effect  of  soot  on  the  external  surfaces. 
The  writer  has  found  this  to  be  a  much  more  serious  matter  than  scale, 
cutting  down  capacity  and  efficiency  very  rapidly.  Many  of  the  coals 
tested  were  very  smoky.  It  is  to  be  regretted  that  Mr.  Hill  did  not  at 
the  same  time  make  some  record  of  the  smokelessness  of  each  of  these 
coals,  as  they  no  doubt  differed  greatly  in  this  characteristic.  The 
question  of  smoke  abatement  is  a  live  one  in  Cincinnati  just  now. 

Fourth. — Mr.  Hill's  method  of  determining  the  accidental  moisture 
in  coal  by  drying  a  sample  on  the  man-head  is  a  good  one.  Great 
care  must  be  taken,  however,  to  insure  that  a  representative  average 
sample  is  secured.  A  still  better  plan  is  to  air-dry,  in  a  warm  room, 
the  entire  amount  of  coal  to  be  burned,  whenever  it  is  possible  to 
do  so. 

The  above  criticisms,  it  will  be  noticed,  are  on  details  of  minor 
importance,  and  do  not  affect  the  value  of  the  paper  as  a  whole.  In 
the  writer's  judgment  the  results  are  not  only  strictly  comparative, 
but  their  absolute  value  is  great,  even  though  the  author's  methods 
may  not  in  every  detail  meet  the  requirements  of  the  highest  technical 
refinement. 

Mr.  Hill  has  done  well  to  call  attention  to  the  effect  of  external 
conditions  upon  the  quality  of  the  steam.  When  a  boiler  is  crowded 
beyond  its  rated  capacity,  or  when  its  rate  of  work  is  changed  sud- 
denly and  materially,  or  where  the  condition  of  the  fires  is  altered 
suddenly,  it  is  natural  for  the  effect  to  be  felt  in  increased  moisture  in 
the  steam.  It  is  also  true,  however,  that  a  well-designed  boiler  will 
keep  these  disturbances  at  a  minimum. 

The  surprising  fact  that  increased  stack  temperatures  are  some- 
times accompanied  by  higher  boiler  efficiencies  has  been  noticed  by 
others,    and   is   probably   due   to  the  fact  that  combustion    is    more 
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Mr.  Bryan,  complete  when  the  fire-box  temperatures  are  high,  and  that  the  heat 
transmission  to  the  water  is  better  on  account  of  the  greater  differences 
of  temperature.  It  is  also  probable  that  a  much  smaller  excess  of  free 
air  is  admitted  to  the  grates  at  such  times. 
Mr.  Carpenter.  Mr.  R.  C.  Carpenter  (by  letter). — In  connection  with  the  labora- 
tory work  at  Sibley  College,  Cornell  University,  various  forms  of  coal 
calorimeters  Lave  been  used,  and  the  results  obtained  compared 
with  different  calorimeters,  and  also  in  a  number  of  cases  the  deter- 
minations have  been  compared  with  the  computations  made  from  a 
complete  chemical  analysis. 

As  a  general  conclusion  it  is  probably  possible  to  get  accurate 
results  with  all  the  commercial  forms  which  admit  of  standardization. 
In  fact,  it  is  quite  possible  to  get  identical  results,  by  proper  manage- 
ment and  correct  manipulation,  with  any  of  these  instruments.  The 
question  of  inaccuracy  cannot  be  raised  so  much  with  reference  to  the 
instrument  used  as  to  the  personal  habits  and  methods  of  manipula- 
tion, as  it  is  found  that  nearly  all  the  errors  in  calorimetric  deter- 
minations which  are  made  by  students  are  due  to  personal  errors  of 
observation.  The  errors  most  likely  to  be  made  are  those  pertaining 
to  the  weighings  and  to  the  determination  of  moisture  which  may 
occur  in  the  samples  of  coal  during  the  manipulations. 

The  various  errors  which  are  made  in  calorimetric  determinations, 
other  than  those  pertaining  to  the  instrument,  may  be  summed  up  as 
follows: 

(1)  Errors  in  sampling. 

(2)  Errors  in  weighing  the  sample  or  the  residue  of  ash,  etc. 

(3)  Errors  caused  by  change  of  moisture  in  the  sample  during 

the  various  manipulations. 

(4)  Errors  in  weights  of  water  in  the  calorimeter. 

(5)  Errors  in  rise  of  temperature  of  water. 

(6)  Instrumental  errors. 

The  writer  will  consider  these  various  errors  in  the  above  order. 

(1)  Regarding  the  errors  in  sampling,  the  writer's  experience  has 
shown  that  if  the  directions  for  obtaining  the  sample  are  properly 
followed,  little  or  no  error  should  result  from  this  cause.  The 
practical  proof  of  this  assertion  is  the  uniformity  of  results  which  have 
been  obtained  in  the  laboratory  work  referred  to  with  a  great  number 
of  samples  of  coal,  taken  not  only  from  the  same  carload,  but  from 
different  carloads  from  the  same  mine.  In  fact,  these  investigations 
rather  serve  to  show  a  decided  uniformity  in  the  value  of  the  com- 
bustible matter  of  the  coal  taken  from  an  entire  region.  The  only 
prominent  exception  to  this  is  the  coal  from  the  Clearfield  District, 
which  seems  to  vary  widely  in  character.  The  coals  from  most  of  the 
other  districts,  while  differing  greatly  from  each  other,  agree  very 
closely  when  from  the  same  mine.     Thus  there  is  reason  to  expect 
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that  a  coal  from  the  Lehigh  anthracite  region  will  show  very  closely  Mr.  Carpenter. 

14  500  B.  T.  U.  per  pound  of  combustible;  the  coals  from  the  districts 

further  west  and  which  are  classified  as  semi-anthracites,  usually  give 

a  heating  value  of  nearly  15  000  B.  T.  TJ.  per  pound  of  combustible. 

This  value  is  also  very  closely  realized  by  the  bituminous  coals  in  the 

Pittsburg    district.     The    coals    found  in    about  the   same    latitude 

as   Pittsburg   show   a   gradual  falling  off  in   heating   power   as    the 

source  of  supply  is  removed  westward  and  an  increase  in  amount  of 

moisture.     The  Hocking  Valley  coals  have  a  heating  value  of  about 

14  500  B.  T.  U.  per  pound  of  combustible,  while  those  still  further 

west  show  a  considerable  falling  off  in  value;  some  of  the  Illinois  coals 

showing  as  low  as  12  000  B.  T.  U.  per  pound  of  combustible  and  8  000 

or  10  000  B.  T.  U.  per  pound  of  coal.     This  regularity  in  the  quality 

of  coal  from  the  same  district  neutralizes  very  greatly  the  effect  of 

errors  of  sampling. 

(2)  The  sample  usually  selected  for  calorimetric  determination  Las 
a  weight  of  about  1  gramme,  approximately  jt'o  lb.  It  is  not  feasible 
to  burn  very  much  larger  samples  of  coal  because  of  the  expense  of 
the  necessary  oxygen,  nor  is  it  necessary,  provided  the  weighing  be 
accurately  done  on  a  chemical  balance.  The  difficulties  of  securing 
perfect  combustion  would  also  increase  were  the  sample  made  much 
larger.  In  order  to  do  accurate  weighing,  a  person  must  understand 
the  use  of  a  chemical  balance.  This  is  not  a  difficult  machine  to 
master,  but  the  writer  finds  from  experience  that  engineers  are  so 
accustomed  to  work  with  large  quantities  that  more  errors  are  made  in 
its  use  than  in  performing  any  other  operation  connected  with  the 
calorimetric  determination,  except  the  temperature  readings.  There 
is,  of  course,  no  excuse  for  this  condition  of  affairs,  except  that  engi- 
neers are  not  trained  to  make  fine  weighings.  Any  error  in  weighing 
affects  the  results  in  a  direct  proportion. 

(3)  The  samples  of  coal  should  be  shipped  in  a  hermetically  sealed 
jar,  so  as  to  retain  the  original  amount  of  moisture.  Coal  gives  up  or 
takes  up  moisture  very  readily  and  very  rapidly,  as  it  may  be  drier  or 
damper  than  the  air  of  the  room.  This  change  is  so  rapid  that,  if  the 
coal  as  originally  received  is  burned  in  the  calorimeter,  considerable 
error  may  result  from  a  change  of  moisture  contents  sufficient  to  affecl 
seriously  the  results,  between  the  time  of  taking  the  first  weights  and 
of  getting  the  coal  into  the  calorimeter.  This  error  can  be  obviated, 
in  large  part,  by  making  all  determinations  on  very  dry  coal.  The 
writer  once  presented  a  paper  before  the  American  Society  of  Mechan- 
ical Engineers  describing  the  Hygrometric  Qualities  of  Coal. 

(4)  Errors  of  weight  of  water  in  the  calorimeter  affect  the  results 
directly,  since,  in  most  cases,  the  heating  value  is  determined  from 
the  product  of  rise  of  temperature  and  weight  of  water;  the  water 
used  is  ordinarily  from  300  to  800  times  that  of  the  fuel  burned. 
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Mr.  Carpenter.  (5)  Errors  in  rise  of  temperature  may  be  due  to  lack  of  uniform 
temperature  in  the  water  and  to  errors  in  thermometer  readings.  On 
account  of  the  large  amount'of  water  in  relation  to  the  fuel  burned, 
the  temperature  change  is  very  small,  and  great  care  must  be 
taken  in  temperature  determinations.  These  are  fully  as  likely  to 
occur  as  errors  in  weighing.  They  are  minimized  by  using  a  very 
accurate  thermometer  and  taking  the  readings  with  great  care. 

(6)  The  errors  due  to  the  instrument  itself  and  inherent  in  it  can 
always  be  eliminated  by  a  process  of  standardization.  The  best 
method  of  standardizing  is,  doubtless,  the  burning  of  charcoal  made 
from  sugar,  and  this  is  recommended  by  the  German  chemists  as  the 
most  reliable  method  of  determining  instrumental  constants. 

It  appears  from  the  paper  that  Mr.  Hill  used  for  his  work  the 
writer's  calorimeter;  unfortunately,  his  determinations  have  been  made 
on  coals  which  the  writer  has  not  previously  tested,  and  consequently 
the  writer  is  unable  to  give  any  results  which  could  be  used  to  verify 
those  in  the  paper.  The  results  seem,  however,  from  a  knowledge 
of  coals  of  adjacent  regions,  to  be  reasonable,  and  what  would  be 
expected. 

TABLE  No.  30.  —  Appkoximate   Analysis   and    Calokimetbic   Deter- 
minations, Mechanical  Laboratory,  Sibley  College, 
Cornell  University,  November  15th,  1898. 

Coal  used       Dry  coal.    Combustible 
First  sample.  as  received.         100.V  100% 

Moisture 5.68  0  0 

Volatile  matter 36.17  38.35  43.70 

Fixed  carbon 46.61  49.42  56.30 

Ash   11.54  12.23  0 

B.  T.  U.,  from  calorimeter,  per 

pound 12  016  12  739  14  515 

Sscond  sample. 
Moisture ....  5.78  0  0 

Volatile  matter 36. 29  38. 52  43. 76 

Fixed  carbon 46.64  49.50  56.24 

Ash 11.29  11.98  0 

B.  T.  U.,  from  calorimeter,  per 

pound 12  047  12  807  14  526 

Average. 
Moisture 5.73  0  0 

Volatile  matter 36. 23  38. 43  43. 73 

Fixed  carbon 46. 625  49.46  56. 27 

Ash 11.415  12.11  0 

B.  T.  U.  per  pound 12  031  12  773  14  520 

Note.— Coal  from  Wills  Creek.  Ohio,  used  in  test  of  Wickes  boiler  at  Wyandotte, 
November  15th,  189S.  Sample  of  ash  contained  32.9%  of  combustible,  corresponding  to 
17.3°o  of  ash  in  the  test. 
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Furthermore,  judging  from  the  method  of  use  of  the  instrument,  Mr.  Carpenter, 
and  of  the  care  and  accuracy  with  which  the  exT)eriruents  were 
performed,  the  results  can  be  adopted  as  accurate  and  reliable.  In 
numerous  cases  the  writer  has  checked  the  values  obtained  with  the 
calorimeter  used  by  Mr.  Hill  with  those  obtained  on  the  bomb  calori- 
meter, commonly  called  Mahler's,  and  when  the  experiments  have 
been  carefully  performed,  no  error  exceeding  0.5%  was  found.  This 
is  about  the  limit  of  error  in  the  operation  of  the  instrument.  As 
both  of  the  instruments  mentioned  were  standardized  and  operated 
by  entirely  different  methods,  the  concurrence  of  results  would  indi- 
cate the  substantial  accuracy  of  both. 

Table  No.  30  gives  the  results  of  a  determination  of  two  samples 
of  coal  from  Wills  Creek,  Ohio,  made  with  the  Carpenter  calori- 
meter, together  with  a  computation  of  the  heating  value  from  a 
complete  chemical  analysis.  The  results  are  interesting  as  showing 
the  close  agreement  which  may  be  obtained  by  entirely  different 
methods. 

Heat  Value  of  Coal  by  Computation. — A  complete  analysis  of  this  coal 
shows  the  following  constituents  of  the  volatile  matter: 
7/4.65%;  0  9.40%;  N  1.44%;  81. 43%. 

Combining  this  analysis  of  the  volatile  matter  with  the  approximate 
analysis  we  obtain: 

Volatile  matter,  20.31;  moisture,  5.73;  ash,   11.415;  fixed  carbon, 
46.625. 

The  heating  value  in  B.  T.  U.,  corresponding  to  the  analysis,  may 
be  calculated  by  the  formula 

h  =  14  650  [C  -f-  4.28  (H—^\+  3  740  8 

By  substitution 

h  =  14  650  [66.935%  -f  4.  28  (3. 48%)  J  -f  53.6  =  12  038.7 

The  calorimetric  determination  for  this  sample,  which  was  used 
November  15th,  1898,  gave  12  031  B.  T.  U.  per  pound  of  coal. 

The  close  agreement  of  the  computation  with  the  calorimetric 
determination  indicates  the  correctness  of  the  determination  as  given. 
The  coals  used  on  two  different  days  from  different  carloads  have 
heat  values  which  differ  from  each  other  by  less  than  0.5%,  and, 
hence,  for  practical  purposes  of  comparison,  they  may  be  considered 
identical. 

The  writer  has  nothing  to  urge  in  relation  to  the  advantages  or 
disadvantages  of  any  particular  form  of  calorimeter,  although  doubt- 
less much  could  be  said  in  favor  of  or  against  any  particular  type, 
depending  upon  the  standpoint  from  which  the  subject  was  viewed. 
He  feels  positive  that  the  instrumental  errors  of  the  calorimeter  us,  .1 
by  Mr.  Hill  are  as  small  in  magnitude  and  as  few  in  number  as  in 
those  of  any  instrument  made. 
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Mr  Lowinson  Oscar  Lowinson,  Jun.  Am.  Soc.  C.  E. — There  is  no  question  of 
greater  importance  to  the  engineer  using  wood,  under  conditions 
subject  to  decay,  than  that  of  the  preservation  of  timber.  A  technical 
knowledge  of  the  composition  of  the  timber,  of  the  chemical  and 
mechanical  conditions  to  be  met,  of  the  effects  of  moisture  and  frost, 
of  wear  and  tear,  of  the  juxtaposition  of  other  materials,  such  as  iron, 
steel  or  zinc  against  wood,  of  the  resistance  of  the  material  to  trans- 
verse crushing,  rust  or  rot,  and  the  relative  cost  of  the  operation,  etc., 
is  requisite  for  a  satisfactory  answer  as  to  whether  any  method,  or 
which  method,  is  advisable  for  the  preservation  of  timber. 

Owing  to  the  great  expense  and  trouble  of  making  continual 
physical  and  chemical  analyses,  the  almost  impossibility  of  exami- 
nation after  application,  the  long  period  of  time  required  to  determine 
the  success  of  a  method,  and  the  necessity  of  having  perfect  confidence 
in  the  integrity  of  those  who  supply  the  materials  and  apply  them, 

*This  discussion  (of  the  paper  by  Walter  W.  Curtis,  M,  Am.  Soc.  C.  E.,  printed  in 
Proceedings  for  April,  1899),  is  printed  in  Proceedings  in  order  that  the  views  expressed 
may  be  brought  before  all  members  of  the  Society  for  further  discussion.  (See 
rules  for  publication,  Proceedings,  Vol.  xxv,  p.  71.) 

Communications  on  this  subject  received  prior  to  September  23d,  1899,  will  be 
printed  in  a  later  number  of  Proceedings,  and  subsequently  the  whole  discussion  will 
be  published  in  Transactions. 
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t lie  use  of  some  method  of  preservation  of  timber  is,  and   for  years  Mr.  Lowinson. 

will  be,  only  on  works  where  methods  of  investigation  are  carried  out 

with  care,  or  where  the  user  places  perfect  confidence  in  the  integrity 

and  knowledge  of  the  parties  applying  the  process.     Failure  is  due 

to  ignorance  and  corrupt  practice  as  much  as  to  fundamental  error  of 

theory. 

As  the  author  states,  there  has  been  practically  no  English  ami 
little  German  literature  on  the  subject  of  value,  since  the  report  of 
the  Committee  of  this  Society  in  1885.  Such  knowledge  as  has  been 
obtained  is  in  the  note  books  of  the  chemists  and  engineers  who  have 
investigated  the  question.  The  various  methods  of  application  of 
preservative  processes  have  had  an  almost  uniform  experience.  "  The 
history  of  engineering  is  strewn  with  wrecks  of  numerous  methods 
which  promised  much,"  but,  under  conditions  of  experience,  per- 
formed little.  Very  nearly  every  large  railroad  in  the  United  States 
has  at  one  time  or  another  experimented  in  this  line,  and  many  have 
ultimately  given  up,  either  because  of  the  poor  results  of  the  experi- 
ment, or  for  reasons  beyond  the  control  of  their  engineers  or  chemists. 
There  has  been  practically  no  advance  in  this  department  of  applied 
science. 

"The  substances  which  thus  far  have  given  the  best  results  are 
the  application  of  chloride  of  zinc,  the  bichloride  of  mercury  and  the 
products  resulting  from  the  destructive  distillation  of  coal  tar"  (used 
in  creosoting). 

The  literature  of  Preservation  ably  discusses  these  processes  as 
applied  previous  to  the  time  of  the  above-mentioned  report.  A  care- 
ful reading  of  the  author's  paper  will  show  practically  all  the  defects 
and  objections  to  the  first  and  second  processes.  It  will  only  be 
necessary  here  to  add  the  practical  difficulties  which  have  hitherto 
prevented  the  more  general  application  of  these  processes. 

Practical  Considerations  Affecting  the  Adoption  of  Preservative 

Processes. 

1.  The  Consumer. — In  the  everyday  life  of  railroad  maintenance 
the  "powers  that  be"  are  appointed  in  most  cases  because  of  their 
ability  to  give  their  road  a  good  showing  on  the  stock  market.  The 
necessity  of  showing  at  all  times  a  maximum  excess  of  receipts  over 
expenditures  generally  influences  these  representatives  of  the  stock- 
holders to  object  to  the  added  expense  of  a  plant,  or  the  added  cost 
of  preserving  the  timber,  which  must  thereby  be  entailed  for  the 
period  of  years  until  the  entire  track  has  been  placed  in  good  con- 
dition; even  on  the  assumption  that  the  process  will  be  a  success.  It 
is  assuming  that  an  official  would  not  be  true  to  the  trust  held  if  he 
should  increase  the  expense  of  maintenance  for  a  single  year  and 
thereby  depreciate  the  earning  power  of  the  invested  capital,  even 


462  DISCUSSION  ON  PRESERVATION  OF  RAILROAD  TIES.    [Papers. 

Mr.  Lowinson.  though  he  might  be  certain  of  ultimate  saving  in  annual  outlay; 
because  of  the  very  condition,  viz.,  the  property  is  a  marketable  one, 
and  the  only  practical  method  of  conducting  the  work  is  to  make 
only  such  repairs  as  are  absolutely  necessary  to  prevent  its  ruin.  The 
results  of  this  process  are  seen  in  many  large  railroads.  The  only 
time  of  actual  outlay  is  at  the  time  of  reorganization,  or  when  the 
road  passes  into  the  hands  of  a  receiver  to  whom  the  ultimate  preser- 
vation of  the  property  is  of  more  importance  than  the  question  of 
temporary  value  of  stock.  In  other  words,  "it  is  the  duty  of  the 
official  to  run  the  road  on  a  poverty  basis  even  though  at  much 
greater  ultimate  expense." 

2.  The  Process.  — Besides  those  described,  the  creosote  processes 
are  the  only  others  with  which  satisfactory  results  have  been  obtained. 
Referring  to  the  report  of  the  Committee  of  this  Society,  the  state- 
ment, that  creosoting  is  the  most  perfect  method  of  preserving 
timber,  still  holds  true.  Since  the  publication  of  that  report,  and  as 
the  result  of  the  investigations  by  the  German  Governments  on  their 
railroads,  the  attention  of  scientists  has  been  devoted  to  the  produc- 
tion of  creosote  and  other  products  in  such  combinations  as  to  be 
applicable  without  the  expense  of  a  plant  for  impregnation  under 
pressure.  The  present  commercial  standing  of  the  creosote  process 
itself  is  also  unsatisfactory  because  of  its  unsuccessful  application  in 
many  cases,  due  either  to  insufficient  impregnation  or  to  the  use  of  an 
inferior  material.  It  may  not  be  improper  in  this  discussion  to  state 
the  kind  of  creosote  to  be  used  and  its  composition. 

In  the  first  place,  the  creosote  to  be  used  is  what  is  commercially 
known  as  coal-tar  creosote.  It  is  one  of  the  many  products  derived 
from  the  destructive  distillation  of  coal-tar.  From  this  are  derived 
products  covering  almost  the  entire  range  of  human  application. 
Among  these  may  be  mentioned  all  the  aniline  colors,  the  various 
perfumes,  essences  and  flavoring  extracts,  high-power  explosives, 
medicines,  fertilizers,  saccharines,  photograph  developers,  benzines, 
ammonias,  antiseptics,  lamp  black,  lubricating  oils,  varnish,  creosote, 
shellac,  cresylic  acid  and  other  wood-preserving  chemicals,  etc. 
Besides  this  material,  there  is  a  wood  creosote,  derived  from  the 
destructive  distillation  of  pine,  of  which  more  will  be  said  later. 

The  creosote  must  be  a  heavy  dead  oil,  of  the  best  quality,  free 
from  tar  and  other  impurities.  The  ease  of  adulteration  of  this 
product  by  a  mixture  with  naphtha,  and  the  difficulty  of  detecting 
such  adulteration  without  continued  analyses  of  the  material,  are  the 
probable  causes  of  failure  in  most  attempts  where  it  was  assumed  that 
the  genuine  product  was  used.  So  extensively  is  the  adulteration 
carried  on  that  few  engineers  have  confidence  in  the  process  because 
of  their  inability  to  secure  this  product.  It  is  the  cost  of  this  creosote 
that  prevents  its  practical  application.     It  is  necessary  to  know  the 
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constituents  of  the  coal-tar  product,  and,  at  the  present  time,  coin-  Mr.  Lowinsoo. 
mercial  reasons  require  that  it  be  brought  from  Europe.  Its  composi- 
tion depends  upon  the  conditions  of  its  manufacture.  It  must  be 
dense,  and  have  a  specific  gravity  varying  from  1.05  to  1.20.  It  must 
distil  at  a  temperature  of  not  less  than  425°,  and  must  be  rich  in  its 
principal  ingredients,  naphthaline  (C10  H,)  and  anthracene  (Cu  Hj ,.  . 

The  method  of  impregnation,  when  done  by  outside  contractors,  is 
such  as  frequently  prevents  the  inspector  from  knowing  whether  the 
proper  material  is  really  being  injected.  It  is  not  the  speaker's  inten- 
tion to  question  the  integrity  of  any  plant,  but  the  experience  of  many 
engineers  has  been  that  deception  has  been  practiced  here  to  such  an 
extent  as  either  to  drive  out  of  competition  many  reputable  concerns,  or 
to  so  discourage  the  user  as  to  cause  him  to  despair  of  success.  Not 
only  is  this  true,  but  the  chemical  analysis  of  the  material  under 
inspection  is  a  difficult  process.  These  objections  are  applicable  to  all 
processes  of  impregnation.  Properly  executed,  however,  the  results 
are  gratifying  to  the  engineer. 

The  New  York  Division  of  the  Erie  Railroad,  10  years  ago,  had  ties 
Burnettized,  and  whereas,  untreated,  their  average  life  was  8  years, 
most  of  these  treated  ties  had  to  be  replaced  within  6  years.  The  zinc- 
tannin  process,  with  the  addition  of  glue,  appeals  to  the  thoughtful 
engineer  as  meeting  most  of  the  conditions  required  for  a  preservative. 

3.  The  Mi  iter  i<d. — The  speaker  would  ask  the  author  what  the  depth 
of  penetration  is  and  what  method,  if  any,  has  been  adopted  for  the 
protection  of  the  tie  when  cut  or  bruised  so  as  to  admit  water  and 
frost;  also  the  effect  of  checking  and  the  effect  on  seasoning  of  timber. 

The  speaker  does  not  agree  with  the  author  that  the  transverse 
crushing  is  a  negligible  quality.  A  series  of  tests  made  by  the  speaker* 
on  the  transverse  crushing  strength  of  timber  gave  the  following  ulti- 
mate values:  For  seasoned  -white  pine,  550;  yellow  pine,  774;  and  oak, 
1  200  lbs.  per  square  inch. 

In  an  interesting  report  on  the  "Strength  of  Bridge  and  Trestle 
Timbers"  by  a  committee  of  the  Association  of  Railway  Superintend- 
ents of  Bridges  and  Buildings,  of  which  Walter  G.  Berg,  M.  Am.  Soc. 
C.  E.,  was  chairman,  October,  1895,  in  regard  to  transverse  strength, 
the  Committee  reported  and  recommended  as  the  average  safe  com- 
pressive strength  across  the  grain : 

Southern  yellow  pine 350  lbs.  per  square  inch. 

Chestnut  and  Norway  pine 250 

Spruce,  cypress  and  cedar 200 

Oak " 500 

The  stresses  to  which  a  tie  is  subject,  and  which  in  turn  contribute 
to  its  destruction,  either  through  mechanical  force  or  decay,  are  the 
*  The  Engineering  Record,  December  12th,  18%. 
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Mr.  Lowinson.  transverse  crushing  resistance,  torsion  due  to  track  moving  and  deflec- 
tion of  rails,  the  shock  due  to  hammering  by  the  live  load  as  trans- 
mitted through  the  rail,  and  the  elements.  The  results  of  the  speaker's 
investigations  have  led  him  to  recommend  the  adoption  of  a  tie  plate 
between  the  rail  and  the  tie  whenever  a  preservative  process  is  to  be 
applied  in  any  tie  other  than  oak,  for  the  very  reason  that  although 
the  treatment  for  preservation  will  aid  in  lengthening  the  life  of  a  tie  the 
decay  is  only  one  of  the  causes  of  destruction;  and  protection  must  be 
sought  in  every  possible  way.  When  it  is  seen  that  the  safe  transverse 
crushing  strength,  for  instance,  is  only  250  lbs.  per  square  inch,  even 
allowing  for  alleviation  due  to  stiffness  of  the  rail,  the  speaker  would 
urge  as  an  additional  improvement  that  the  tie  plate  be  used. 

In  regard  to  cutting  treated  timber,  although  not  so  often  met  with 
in  railroad  ties  as  on  street  railroad  or  dock  work,  the  speaker  fears 
that  it  is  not  practicable  to  treat  the  timber  in  the  way  stated  unless 
there  be  some  arrangement  for  treating  the  exposed  surfaces. 

In  the  case  of  creosoted  timber,  the  speaker  has  seen  both  the  hot 
and  cold  dead  oil  of  creosote  applied  with  a  brush.  A  street  railroad 
in  New  York  City  is  using  a  6  x  6-in.  "creosoted"  yellow  pine 
stringer  under  its  heavy  rails,  supported  on  the  yokes  about  5  ft.  apart 
on  centers,  and  in  a  large  number  of  cases  it  is  found  necessary  to 
notch  the  stringers  at  the  yokes.  The  speaker  is  not  aware  that  the 
notched  portions  are  undergoing  any  treatment,  but  whether  because 
of  this  the  creosoting  to  which  they  have  been  subjected  will  increase 
the  life  of  the  timber  or  not  time  alone  can  tell. 

Liquid  Pi'eservatives. — The  necessity  which  has  arisen  in  European 
countries  for  treating  timber  has  brought  about  a  considerable  amount 
of  experimenting  in  order  to  find  a  substitute  for  the  expensive 
method  of  creosoting.  There  are  two  reasons  for  the  great  cost  of 
treating  by  creosote.     These  are: 

First. — The  high  melting  point  of  the  naphthaline  (175°  Fahr. )  and 
the  anthracene  (210°  Fahr.),  which  are  the  principal  preservative 
chemicals  of  creosote. 

Second. — The  necessity  of  a  pressure  process  to  complete  the 
impregnation. 

There  are  now  on  the  market  in  Europe  at  least  two  materials  by 
the  use  of  which  it  is  claimed  that  these  objections  are  done  away  with. 
Whether  the  statements  of  the  manufacturers  are  true  or  not,  the 
speaker  is  not  yet  prepared  to  state.  He  certainly  would  recommend 
the  most  exhaustive  examination  before  adopting  them.  In  one  case 
it  is  claimed  that  by  the  addition  of  zinc  chloride  to  the  creosote  (a 
combination  of  Burnettizing  and  creosoting),  before  the  completion  of 
the  process  of  distillation,  the  chloride  combines  with  the  naphthaline 
(C10  H8),  to  form  yellow  heavy  oils,  dichloride  of  naphthaline 
(Cl0  H0  CI,)  and  chloride  naphthaline  (C10  H7  CI);  and  the  anthracene 
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(CN   H;0)   is  converted   into    dichloride-anthraeene    (Cu  H^   CI.,)   and  Mr.  Lowinson. 
chloride  of  anthracene  (CJ4  Hj  CI),  which  at  temperatures  of  100°  to 
20(P  Fahr.  possess  great  viscosity  and  consequent  penetrating  power- 
The  writer  has  seen  some  remarkable  experiments  as  to  the  penetrat- 
ing power  of  this  material. 

Wood  Creosote. — Wood  creosote  is  a  material  obtained  from  the 
destructive  distillation  of  pine.  Its  vital  principle  is  paraffine  as  dis- 
tinguished from  the  naphthaline  and  anthracene  of  the  coal-tar  creo- 
sote. A  large  number  of  so-called  preservatives  consist  of  this  mate- 
rial, either  by  itself  or  in  combination  with  other  materials.  It  is  not 
looked  upon  favorably  as  a  preservative,  because  of  its  unstable  com- 
position and  its  solubility.  The  much-advertised  creosote  and  other 
paints  and  shingle  stains  have  this  material  for  a  basis.  It  is  the 
speaker's  opinion,  however,  that  the  addition  of  a  paraffine  to  a  paint 
adds  nothing  to  its  preserving  power. 

H.  S.  Haines,  M.  Am.  Soc.  C.  E.  —  By  far  the  largest  part  of  the  Mr.  Haines, 
cost  of  operation  of  a  railroad  is  devoted  to  wages  and  salaries,  but  if 
the  part  devoted  to  supplies  be  examined  it  will  be  found  that  the 
principal  expense  is  absorbed  in  two  items,  fuel  and  timber.  When 
the  amount  of  ingenuity  and  time  which  has  been  devoted  to  devising 
means  and  methods  for  diminishing  the  cost  of  fuel  per  mile  run  is 
considered,  and  how  little  ingenuity  has  been  devoted  to  endeavoring 
to  extend  the  life  of  timber,  it  is  evident  that  the  two  items  are  not 
held  in  proper  proportion.  There  is  hardly  any  subject  that  can  come 
before  this  Society  that  has  more  economic  value  than  the  preservation 
of  timber;  and  therefore  the  speaker  has  examined  this  paper  with 
interest  to  see  what  could  be  learned  with  reference  to  the  general 
question  of  the  preservation  of  timber,  but  confesses  to  a  good  deal  of 
disappointment  in  finding  that  substantially  no  advance  in  knowledge 
on  this  subject  has  been  made  since  the  Committee  of  this  Society 
made  a  report  on  the  subject  in  1885.  The  conclusion  of  that 
Committee  was  substantially  that  "  creosoting  was  the  most  perfect 
process  to  use,  but  in  view  of  the  expense  it  may  be  preferable  to  use 
a  cheaper  process.  With  our  present  knowledge  we  believe  the  zinc- 
chloride  process  is  the  advisable  one  to  use  for  ties  in  this  country. 

By  reading,  this  paper  through  it  will  be  found  that  in  the  year 
1899  we  are  no  farther  ahead,  and  know  no  more  than  in  1885.  In 
fact,  it  is  a  still  further  disappointment  to  see  that  this  paper,  which 
has  been  prepared  apparently  with  a  great  deal  of  care,  the  author 
having  endeavored  to  gather  all  the  information  he  could  rind  on  the 
subject,  presents  so  little.  It  is  all  impressions,  traditions  and 
legends,  with  scarcely  any  substantial  facts,  except  in  reference  to 
what  Mr.  Kruttschnitt  has  done.  The  speaker  knows  that  Mr.  Krutt- 
schnitt  is  very  reliable  in  all  his  statements,  but  unfortunately  his 
statements  only  cover  the  period  from  1894  to  the  present  time. 
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Mr.  Haines.  In  a  mile  of  track  there  are  about  2  600  cross-ties,  costing,  in  the 
track,  nearly  50  cents  apiece,  and  their  average  life  is  about  five 
years,  which  represents  about  $230  per  mile  per  annum.  If  the  life  of 
these  ties  could  be  extended,  doubled,  for  instance,  the  value  of  any 
process  which  would  accomplish  this  can  readily  be  seen. 

Reference  is  made  to  what  has  been  done  in  Europe,  where  certainly 
a  great  deal  more  attention  has  been  paid  to  the  preservation  of  timber 
than  in  America.  The  speaker's  experience  has  been  only  with 
creosote,  but  extends  over  many  years.  Probably  no  one  in  this 
Society  has  had  more  extended  experience  in  the  use  of  creosote  for 
timber  on  railroads  than  the  speaker,  and  his  conclusions  are  the  same 
as  those  of  the  Committee,  that  it  is  to-day  the  most  perfect  process 
that  can  be  used.  The  best  evidence  of  the  truth  of  this  statement  is 
that  abroad,  where  the  zinc-chloride  and  also  the  creosote  treatment 
have  been  used  for  many  years,  they  have  come  back  partially  to  creo- 
sote; that  is,  they  are  using  zinc  chloride  and  creosote  in  combination, 
apparently  with  the  view  of  getting  a  cheap  substitute  for  the  latter. 

As  to  the  use  of  creosote  itself,  of  course  every  one  has  had  disap- 
pointments. The  speaker  has  had  some  very  bitter  ones.  Mr. 
Lowinson  is  right  in  saying  that  if  the  creosote  contains  certain 
constituents,  particularly  naphthaline,  and  if  it  is  used  in  certain 
ways,  the  result  will  be  just  as  certain  as  anything  known  in  our 
present  experience  of  treating  timber.  There  is  not  any  doubt  of  it. 
But  the  so-called  wood  creosote  is  a  fraud,  nothing  else,  and  any 
substance  that  is  soluble  in  water  is  useless  for  the  preservation  of 
timber,  just  as  anything  that  is  proposed  to  be  superficial  in  its  appli- 
cation is  of  but  little  value,  for  the  reason  that  wherever  a  notch  is  cut 
in  a  piece  of  timber  a  surface  is  exposed  to  decay  and  generally  in 
some  vital  part  of  the  structure. 

This  paper  relates  to  zinc  chloride,  about  which  the  speaker  knows 
nothing;  but  if  the  subject  of  the  preservation  of  timber  could  be 
discussed  thoroughly  and  properly  and  with  special  reference  to  creo- 
sote as  a  standard,  then  conclusions  could  be  reached  which  would  be 
of  great  value,  not  only  to  railroad  companies,  but  in  every  other  depart- 
ment of  industry  where  timber  is  being  used ;  and  for  that  reason  the 
speaker  wishes  that  the  Society  would  take  up  this  subject  again  with 
one  of  its  committees  and  bring  the  state  of  the  art  up  from  1885  to  the 
present  time,  as  it  should  be  brought,  in  an  authoritative  way. 

It  would  be  useless  to  discuss  creosote,  as  the  results  obtained  with 
that  substance  are  well  known  from  experience  in  England  and  in 
America.  The  preservation  of  timber  that  is  properly  creosoted  is 
almost  indefinite  if  the  proper  timber,  the  proper  substance  and  the 
proper  treatment  are  used.  But  this  is  a  question  of  a  cheaper  substi- 
tute, and  the  evidence  here  seems  to  be  that  all  the  cheap  substances 
have  been  failures,  except,  perhaps,  in  Mr.  Kruttschnitt's  experience 
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since  1894,  and,  of  course,  5  years  is  too  short  a  time  in  which  to  judge  Mr.  Haines. 
of  the  results.  The  most  optimistic  statement  in  the  paper  is  that  the 
life  of  ties  is  12  years.  If  considerable  is  added  to  the  cost  of  the 
material  by  the  zinc-chloride  treatment,  and  if  then  there  is  some 
doubt  as  to  whether  the  life  of  the  tie  will  be  increased  to  9  or  12 
years,  when  the  untreated  timber  would  have  lasted  from  4to  6,  a 
discussion  of  the  subject  has  not  much  practical  value. 

The  railroads  have  not  adopted  creosoted  ties  to  any  great  extent, 
because  the  users  of  the  timber  listen  to  everybody  who  comes  along. 
Such  persons  have  all  sorts  of  quack  treatments  that  are  ostensibly 
a  good  deal  cheaper  than  the  real,  substantial  creosote  treatment,  which 
is  an  expensive  one;  and  the  man  who  is  responsible  for  the  annual 
results  does  not  care  to  make  investments,  the  benefits  of  which  are  to 
be  extended  over  an  indefinite  series  of  years. 

The  speaker's  treatment  of  timber  was  not  so  much  with  a  view  to 
preservation  from  decay  as  to  preservation  from  the  teredo;  and  in 
preserving  wood  against  the  teredo,  of  course  a  great  part  of  it  was 
exposed  to  the  air  and  to  moisture,  in  a  very  hot  country  where  there 
is  much  rain.  In  that  way  the  speaker  learned  a  great  deal  about  the 
value  of  the  creosote  process.  In  order  that  the  creosoting  may  be 
successful  the  timber  and  the  creosote  must  be  of  the  right  kind  and 
must  be  subjected  to  the  right  kind  of  treatment. 

The  creosotes  are  all  hydrocarbons.  The  lighter  parts  of  so-called 
creosote  are  of  no  value,  simply  because  they  are  lighter  than  water, 
and  anything  that  is  lighter  than  water  is  soluble  therein;  but  a 
certain  proportion  of  these  lighter  parts  must  be  retained,  in  order  to 
keep  the  creosote  fluid,  so  that  it  can  be  used  under  pressure.  To  be 
of  any  value  creosote  cannot  be  used  in  any  other  way  than  under 
pressure,  and  certain  conditions  must  be  complied  with.  The  wood 
must  be  taken  while  it  is  green,  and  the  sap  exhausted  while  the  ducts 
are  all  open.  The  creosote  must  be  put  in  under  a  suitable  pressure 
until  the  timber  weighs  a  sufficient  amount  per  foot.  Mr.  Lowinson 
has  said  very  properly  that  a  great  deal  of  the  value  of  this  process 
depends  on  the  integrity  of  the  persons  who  conduct  it.  There  must 
be  some  means  of  inspecting  the  timber  when  it  is  used  and  of  kuowing 
that  it  is  what  it  is  represented  to  be.  With  creosote  it  is  entirely 
practicable  to  know  that  what  has  been  paid  for  has  been  obtained. 

The  speaker  wishes  to  call  attention  to  the  little  progress  that  lias 
been  made  in  wood  preservation,  to  judge  from  this  paper,  since  1885, 
and,  further,  to  the  fact  that  the  subject  is  a  broader  one  than  the 
mere  treatment  of  cross-tie  timber  by  the  chloride  of  zinc  process;  and 
it  is  to  be  hoped  that  this  Society  will  take  up  the  whole  subject  again 
and  bring  up  the  state  of  the  art  from  1885  to  the  present  time.  If 
that  can  be  done  the  author  will  have  accomplished  a  great  deal  by 
bringing  the  matter  to  the  attention  of  the  Society. 
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Mr.  Boggs.  J.  I.  Boggs,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — This  paper  is 
both  interesting  and  instructive.  In  the  year  1877  a  number  of  creo- 
soted  pole  pine  ties  were  put  in  along  the  line  of  the  Houston  and 
Texas  Central  Railroad.  During  the  years  1897  and  1898  the  writer 
had  charge  of  the  tracks  on  the  Northern  Division  of  this  line,  and  in 
the  course  of  his  duties  had  to  relay  about  ten  miles  of  steel,  a 
number  of  these  ties  being  in  the  portion  so  relaid.  They  were  exam- 
ined closely,  and  found  to  be  in  an  excellent  state  of  preservation 
after  twenty  years  of  service,  hardly  5%  of  the  total  number  being 
rejected  as  worn  out  and  useless.  The  most  serious  objection  to  them 
was  that  the  rail  cut  into  the  soft  wood.  This,  however,  can  be  en- 
tirely avoided  by  the  use  of  a  good,  substantial  tie  plate,  and  the 
writer  feels  no  hesitancy  in  saying  that  fully  80,%  of  the  original 
number  are  still  in  service. 

Various  kinds  of  ties  were  in  use  along  this  line  during  the  years 
intervening  between  1890  and  1899,  such  as  white  oak,  post  oak,  cedar, 
Bois  D'Arc,  creosoted  pole  pine  and  Burnettized  sawed  pine  ties. 
These  latter  ties  were  small,  being  only  6  ins.  x  8  ins.  x  8  ft. ,  and  the 
great  difficulty,  as  stated  by  Mr.  Mahl  in  his  report,  was  that  they 
shattered  badly  under  the  heavy  traffic  to  which  the  road  was  sub- 
jected. 

No  material  record  of  the  life  of  ties  was  kept  before  the  latter 
part  of  1897,  and  in  the  case  of  the  Burnettized  ties  the  personal 
observation  of  the  writer  was  such  as  to  lead  him  to  believe  that  fully 
half  the  ties  reported  as  rotten  by  the  section  foremen  were  shattered 
instead.  He  has  examined  the  wood  in  the  ties  that  had  splintered, 
and  the  original  timber  was  found  to  be  in  an  excellent  state  of  preser- 
vation in  a  number  of  cases,  although  it  was  broken  and  worthless. 
The  writer  does  not  believe  that  the  solution  of  the  problem  will  be 
found  in  the  weakening  of  the  zinc  chloride,  but  in  the  adoption  of  a 
better  class  of  material  than  that  heretofore  used.  The  same  objec- 
tion applies  to  these  ties  as  was  stated  in  the  case  of  the  pole  pine, 
viz. ,  that  the  rail  cuts  into  the  soft  wood  very  badly,  sometimes  as  much 
as  2  to  2h  ins.  Six  years  is  about  the  best  life  that  could  be  obtained  on 
this  road,  those  placed  in  1891  being  practically  all  gone  in  1898;  but, 
as  before  stated,  the  reports  of  the  section  foremen  on  this  subject  are 
entirely  unreliable,  and  can  in  no  measure  be  depended  upon  as  to  the 
causes  for  removal. 

While  the  first  cost  of  the  creosoted  pole  pine  tie  is  much  greater 
than  the  Burnettized  tie,  a  few  years'  service  will  readily  demonstrate 
that  it  is  by  far  the  more  economical. 
Mr.  Wagner.  B.  M.  Wagner,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).— During  1890 
the  writer  visited  the  impregnating  plant  of  the  Swiss  Nord  Ost  Bahn 
and  jotted  down  the  following  notes  which  may  be  of  interest. 

Zinc  chloride  is  used.     The  plant  consists  of  two  cylinders,  each 
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1.9  m.  iu  diameter  and  14  ni.  long;  mixing  tanks,  each  holding  about  Mr.  Wagner. 
6  000  1.,  a  15-H. -P.   steam  plant  and  various  buildings.     This  plant 
is  said  to  have  cost  120  000  francs.     The  cross-ties  are  run  in  on  rail 
wagons,  shaped  to  conform  to  the  cylinders,  each  holding  about  forty 
cross-ties. 

One  hundred  liters  of  zinc  chloride,  containing  about  25%  of 
metallic  zinc  are  put  in  each  of  the  mixing  tanks  and  the  tanks  then 
rilled  up  flush  with  water.  The  cost  of  impregnating  one  cross-tie  is 
stated  to  be  from  0.45  to  0.48  franc. 

The  plant  is  never  idle  as  the  company  is  overrun  with  orders  from 
outsiders.  The  charge  is  10  francs  per  cubic  meter  of  wood  impreg- 
nated, while  the  cost,  including  interest  on  capital,  sinking  fund,  etc., 
is  only  4.80  to  5.20  francs  per  cubic  meter. 

The  quantity  of  zinc  chloride  used  per  cross-tie  is  as  follows: 

Oak,  8  kls. ;  larch,  15  kls. ;  beech,  20  kls.;  pine,  25  Ids. 

The  life  of  ties  is  as  follows : 

Green.  Impregnated. 

Oak 15  years.  20-25  years. 

Larch 9-10  "    "  15-17       " 

Fir 7-8       "  12-14       " 

Pine 4-5       "  9-10       " 

Beech 2-  3       "  10       " 

Mr.  George  W.  Notes  (by  letter). — There  are  several  items  which  Mr.  Noyes. 
the  author  has  dwelt  upon,  which  are  of  vital  importance  to  the  pro- 
cess. The  writer,  having  had  ten  years'  experience  in  the  operation  of 
the  Atchison,  Topeka  and  Santa  Fe  Railway  Company's  timber-treat- 
ing plant,  may  be  able  to  explain  more  fully  why  results  in  some  cases 
have  not  been  what  might  have  been  expected. 

While  it  is  the  intention  of  this  company  to  use  nothing  but  fall 
and  winter-cut  ties,  it  is  a  fact  that  many  thousand  summer-cut  ties, 
in  which  the  fungi  had  already  attacked  and  partly  destroyed  the 
fibers,  have  been  treated,  as  well  as  those  which  were  practically 
worthless  at  the  time  of  treatment.  It  is  the  habit  of  the  native  tie 
choppers  to  go  into  the  timber  in  the  fall  and  winter,  and  fell  a 
sufficient  number  of  trees  to  fill  their  sub-contracts,  making  the  ties 
later  on.  Many  of  these  trees  are  allowed  to  lie  from  one  to  two 
years  with  the  bark  on.  Then  they  are  made  into  ties,  brought  in 
and  received  as  first  class  and  treated,  when  they  were  really  worth- 
less, as  the  fungoid  life  had  already  destroyed  the  fibers  of  the  wood. 
To  these  two  classes  of  ties  can  be  attributed  a  large  percentage  of 
the  tie  failures,  in  the  past,  and  those  which  will  occur  for  some  time 
to  come,  as  it  was  only  last  season  that  the  writer  succeeded  in  stop- 
ping this  practice. 

The  proper  seasoning  of  timber,  both  before  and  after  treatment, 
is  of  the  utmost  importance.     To  this  can  be  attributed,  in  a  great 
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Mr.  Noyes.  measure,  the  success  of  the  1885  ties.  On  account  of  the  solubility 
of  the  zinc  salt,  it  is  necessary  that  all  the  water  injected  with  the 
chloride  be  evaporated  before  the  tie  is  inserted  in  the  track, 
otherwise  the  moisture  in  the  soil  at  once  begins  its  work  of  leach- 
ing out  the  zinc  salt,  and  the  artificial  leathery  pellicles  formed 
by  the  glue  and  tannin  are  of  no  benefit,  as  they  have  not  had 
time  to  dry  and  harden  sufficiently  to  offer  any  resistance  to  outside 
moisture. 

The  quality  of  the  zinc  chloride  has  much  to  do  with  the  success 
of  the  operation.  The  company's  first  purchases  of  fused  chloride, 
from  1890  to  1895,  were  supposed  to  contain  from  3  to  5%  of  im- 
purities, mostly  moisture,  but  these  were,  in  fact,  much  greater. 
In  1894  some  chloride  was  found  to  contain  as  high  as  2.5%  of 
iron,  and  its  effect  is  already  being  realized,  as  a  great  many  ties 
treated  in  this  year  are  entirely  gone  now.  From  1885  to  1890  there 
were  no  less  than  eight  different  persons  in  charge  of  the  plant.  They 
were  not  familiar  with  the  process,  and  by  the  time  they  were  the 
works  had  closed,  and  they  had  sought  other  employment.  This,  the 
writer  thinks,  was  detrimental  to  the  process.  It  must  also  be  re- 
membered that  the  first  treatment  was  with  a  0.015,%  solution,  in- 
jecting only  about  0.25  lb.  zinc  chloride  per  cubic  foot,  while  the 
more  modern  practice  is  to  use  nearly  a  0.03%  solution,  injecting 
about  0.501b.  of  chloride  per  cubic  foot,  which  should  make  the  ties 
remain  antiseptic  for  a  greater  length  of  time.  The  following  is  the 
record  of  some  1885  ties  treated  at  these  works,  and  laid  in  the  main 
line  just  north  of  the  Kaw  River  Bridge  in  North  Topeka,  Kan. :  Of 
305  ties  put  in  track,  152  were  on  a  tangent  and  153  on  a  4°  curve. 
In  October,  1895,  all  of  those  on  the  curve  were  taken  out,  not  so 
much  on  account  of  rot  as  wearing  under  the  rail  and  respiting, 
which  had  made  their  general  condition  such  that  the  spikes  would 
not  hold.  Of  those  on  the  tangent,  all  were  in  on  this  date,  but  22 
were  to  come  out,  leaving  130  in  the  track.  On  October  31st,  1896, 
there  were  still  81  in  on  the  tangent,  apparently  good  for  several 
years.     The  average  life  of  oak  ties  at  this  point  is  7  years. 

As  to  the  Southern  Pacific  ties:  In  the  fall  of  1896  the  writer  spent 
some  time  in  examining  ties  in  their  track,  and,  while  the  zinc 
chloride  and  steaming  may  be  the  direct  cause  of  their  failure,  it  is, 
in  his  opinion,  due  to  the  use  of  superheated  steam  (as  he  understands 
that  they  used  a  superheater  during  the  first  few  years  the  works 
were  operated),  and  to  a  particular  species  of  timber  used,  as  there 
are  several  species  of  timber  that  will  check  along  the  annual  rings 
or  radially  if  exposed  to  the  sun  or  dried  too  rapidly  by  artificial 
heat.  At  the  company's  works,  the  only  kind  of  timber  treated  is  rec 
spruce,  which  corresponds  to  the  Oregon  fir,  and  which  treats  better 
when  green   than  dry.       This  phenomenon  is   no  doubt   due   to  the 
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resinous  nature  of  the  wood,  the  resin,  on  becoming  dry,  forming  an  Mr.  Noyee 
impenetrable  barrier  which  the  zinc  solution  cannot  pass. 

In  the  summer  of  1896  the  company  treated  (with  zinc  chloride 
only),  for  the  Burlington  and  Missouri  Eiver  Eailway,  in  Nebraska, 
two  sections  of  ties  from  the  Big  Horn  Mountains  in  Wyoming.  The 
original  sections  were  16  ft.  long,  half  being  retained  there  and  sent, 
to  the  laboratory  at  Aurora,  111.  The  result  of  the  tests  on  the  treated 
and  untreated  timber  are  shown  in  Table  No.  13. 


TABLE  No.  13. 


Sample  No. 

Transverse 
strength. 

Deflection. 

Crushed 

under 

30  000  lbs. 

Spike  hold. 

Ounces  of  Zinc 

Chloride  per 

Cubic  Foot. 

Center. 

Edge. 

2.  Treated 

Pounds. 

2  766 

2  597 

3  125 
3  066 

2  975 
2  975 

Inches. 
0.45 
0.48 
0.45 
0.54 

0.45 

0.38 

Inches. 
0.97 
0.73 
0.45 
0.54 

0.61 
0.73 

Pounds. 

2  017 

1  830 

2  600 
2  400 

2  775 
2  470 

0.00 

12.00 

Untreated 

0.00 

27.50 

\  New  Mexico.,  i 

5.  -J  Burnettized  ..  - 

1  Pine  tie ) 

(  New  Mexico. .  ) 

6.  -:  W  heelhous-*.. .  V 
1  Pine  tie ) 

0.24 
0.62 

6.80 
9.43 

Tests  of  the  transverse  strength  were  made  on  samples  2x2 
ins.  in  section,  on  supports  12  ins.  apart.  The  crushing  test  was 
made  with  samples  6x6  ins.,  by  noting  the  depth  to  which  the 
flange  of  a  66-lb.  rail  penetrated  the  sample  under  a  load  of 
30  000  lbs.  The  figures  under  "spike  hold"  show  the  pull  neces- 
sary to  start  a  spike  which  had  been  driven  to  a  fixed  depth.  Fine 
borings  from  the  Wyoming  ties  were  washed  in  running  water  for 
48  hours,  then  washed  in  distilled  water  and  analyzed  for  zinc 
chloride.  Though  they  contained  20.8  oz.  of  zinc  chloride  per  cubic 
foot  before  washing  they  were  found  to  contain  none  after  this 
treatment. 

In  the  summer  of  1896,  in  order  to  determine  whether  the  Bur- 
nettized or  Wellhouse  ties  retained  the  more  zinc  chloride,  five  ties, 
which  had  been  treated  by  the  two  processes,  and  which  had  been  in 
the  ground  for  6  years,  were  taken  up,  and  6-in.  blocks  cut  from 
each  end  and  from  the  middle  of  each  tie,  making  thirty  blocks  in  all. 
Analyses  of  ash,  as  made  by  Kobert  W.  Hunt  &  Co. ,  Chicago,  showed 
the  average  of  ten  end  blocks  of  the  Burnettized  ties  to  contain  0.522% 
of  zinc  chloride. 
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Mr.  Noyes.  The  average  of  ten  end  blocks  by  the  Wellhouse 

process 0.674  per  cent. 

The  average  of  five  middle  blocks  by  the  Burnet- 

tizing  process 0 .  496 

The  average  of  five  middle  blocks  by  the  Well- 
house  process 0.525         " 

The  average  of  the  entire  fifteen  Burnettized  blocks.  0.513         " 

The  average  of  the  entire  fifteen  Wellhouse  blocks.  0.624         " 

The  general  conditions  as  to  drainage,  soil,  traffic,  etc.,  were  the 
same  in  both  eases. 

While  this  test  showed  more  zinc  chloride  retained  in  the  ties 
treated  by  the  Wellhouse  process,  yet  there  is  one  point  which  has 
never  been  touched  upon,  i.  e.,  the  organic  decomposition  of  the  glue 
when  not  fixed  by  the  tannic  acid.  This  is  a  very  important  point, 
and  should  be  a  strong  argument  in  favor  of  the  three  solutions  as 
now  iised  by  the  Chicago  Tie  Preserving  Company. 

The  fact  that  it  takes  a  great  deal  longer  for  the  Wellhouse  ties  to 
dry  after  treatment,  proves  that  the  treatment  does,  to  a  certain 
extent,  prevent  the  passage  of  moisture  into  the  wood. 
Mr.  Wallace.  John  Findley  Wallace,  M.  Am.  Soc.  C.  E.  (by  letter).— This  paper 
discusses  a  question  which  is  becoming  yearly  more  and  more  im- 
portant to  the  railroad  companies  of  the  United  States.  The  annual 
increase  in  the  amount  of  ties  used  for  renewals  and  the  steady 
diminution  of  the  timber  supply  are  gradually  attracting  the  attention 
of  railroad  owners  and  managers  to  the  tie  question. 

There  seems  to  be  little  doubt  that,  from  now  on,  more  and  more 
attention  will  have  to  be  given  to  preservation  methods,  but  this  is 
only  a  step  toward  the  solution  of  the  problem,  which  must  undoubt- 
edly come  in  the  iise  of  some  substitute  for  the  wooden  tie,  and  which, 
it  would  seem,  must  eventually  compel  the  use  of  a  metallic  tie. 

An  investigation  which  the  writer  has  just  completed  shows  that 
the  average  life  of  the  untreated  white  oak  tie  in  northern  Iowa  is  11| 
years,  in  Illinois  10  years,  and  in  Kentucky  and  Tennessee  and  the  high 
ground  in  Mississippi  11  years.  These  figures  apply  to  winter-cut 
white  oak  ties  grown  on  the  high  lands  of  Kentucky,  Tennessee  and 
Mississippi. 

Black  and  red  cypress  ties,  used  in  the  low  lands  of  Mississippi 
and  Louisiana,  have  an  average  life  of  10  years,  and  this  life  can  be 
increased  several  years  by  the  use  of  tie  plates,  as  these  ties  wear  out 
before  they  decay. 

These  figures  are  taken  from  the  actual  records  of  ties  used  during 
the  10  years  ending  1898,  and  the  writer  considers  them  reliable  for  the 
general  territory  of  which  the  several  districts  mentioned  form  a  part. 

One  difficulty  met  by  railroad  managers,  in  considering  tie-preser- 
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vation  methods,  is  the  want  of  accurate  and  reliable  information  as  to  Mr.  Wallace, 
the  actual  increase  in  life  due  to  the  various  processes  of  treatment 
applied  to  the  different  kinds  of  material.  Generally,  the  close- 
grained  woods,  similar  to  white  oak,  are  not  susceptible  of  economical 
treatment.  Generally  speaking,  the  woods  which  absorb  a  sufficient 
amount  of  the  preserving  material  are  coarse  of  grain,  and  ifc  is  usually 
found  necessary  to  use  tie  plates  with  them,  at  an  additional  expense 
of  10  to  15  cents  per  tie,  in  order  to  get  the  full  benefit  of  the  preserv- 
ing process  and  prevent  the  tie  from  wearing  out  before  it  decays. 

When  new  processes  are  brought  before  railroad  managers,  actual 
facts  are  necessary  for  the  passing  of  proper  judgment  on  what  is  the 
best  and  most  economical  thing  to  do,  under  the  circumstances.  It  is 
very  difficult  to  prevail  on  railroad  managers  to  enter  into  any  line  of 
expenditure  which  is  more  or  less  experimental.  Many  railroad  man- 
agers have  given  more  or  less  general  attention  to  the  question  of 
treated  ties,  but  have,  so  far,  not  felt  justified  in  taking  practical 
steps  toward  the  general  use  of  any  of  the  existing  processes,  on 
account  of  the  expense  and  uncertainty  as  to  results,  although  there  is 
little  question  but  that  the  necessities  of  the  near  future  will  force 
action  in  this  direction. 

E.  E.  Russell  Tkatman,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). —  Mr.  Tratman. 
One  of  the  most  important  points  of  this  paper  is  the  very  forcible 
way  in  which  it  shows  that  no  reliable  records  exist  or  are  kept  in 
the  United  States  as  to  the  life  of  railway  ties,  from  which  averages 
of  life  and  cost  of  different  kinds  of  timber  can  be  computed. 
Without  such  records,  the  calculations  and  estimates  of  comparative 
durability  and  economy  of  different  ties  and  different  preservative 
processes,  are  really  little  more  than  guess-work  (except  for  individual 
roads),  as  there  is  no  real  foundation  upon  which  to  base  any  com- 
parisons. The  few  railways  which  keep  useful  records  have  generally 
such  diverse  forms  and  methods,  that  it  is  difficult  to  make  comparisons 
between  them. 

The  ties  are  a  very  important  consideration,  in  their  aggregate  cost, 
the  labor  of  renewal,  the  disadvantages  of  frequent  renewals  (from 
traffic  and  economic  points  of  view),  and  the  consumption  of  fovst 
timber  which  these  ties  represent.  In  view  of  all  this,  it  is  most 
desirable,  even  at  this  late  day,  to  endeavor  to  have  some  uniform 
system  adopted  by  which  records  may  be  kept  which  shall  be 
complete,  comparable,  and  free  from  the  influence  of  the  personal 
equation  which  makes  present  statistics  so  unreliable  as  a  basis  for  any 
general  conclusions.  It  is,  of  course,  difficult  to  get  a  system  of  this 
kind  introduced  and  properly  followed  out,  but  the  only  way  is  to 
make  a  beginning  of  some  kind,  and  then  gradually  develop  it  on  lines 
carefully  thought  out. 

It  seems  to  the  writer,  that  the  keeping  of  these  records  upon  some 


474  DISCUSSION  ON  PRESERVATION  OF  RAILROAD  TIES.   [Papers. 

Mr.  Tratman.  uniform  and  carefully  formulated  system,  is  a  duty  that  might  be 
properly  imposed  upon  the  division  roadmasters,  or  officers  of  similar 
position.  The  section  foremen  should  be  required  to  keep  very 
careful  record  of  the  number  and  cause  of  tie  renewals  (decay  or  rail- 
cutting).  The  roadmasters  should  then,  from  this  information  and 
their  own  knowledge  and  observation,  prepare  the  broader  records. 
Some  means  of  supervision  should  also  be  devised,  to  ensure  that  the 
inspection  and  renewal  of  ties  and  the  keeping  of  the  records  are  done 
carefully  and  not  in  a  mere  hap-hazard  or  perfunctory  manner. 

The  following  list  shows  some  of  the  items  which  should  be 
included,  and  Table  No.  14  is  a  sample  of  the  suggested  form  of  record. 
With  such  complete  and  uniform  records  from  a  number  of  railways 
for  a  term  of  years,  and  with  the  records  of  the  operations  of  preserva- 
tive processes  and  their  cost,  some  broader  and  more  reliable  informa- 
tion could  be  compiled  than  is  possible  with  existing  statistics.  This 
information  would  undoubtedly  lead  to  greater  care  in  the  use  of  ties. 

1.  Miles  of  single  main  track  on  the  division. 

2.  Approximate  tonnage  carried  over  the  division  during  the  year. 

3.  Kinds  of  timber  used  and  the  percentage  of  each. 

4.  Number  of  ties  per  mile  (according  to  the  standard  spacing  or 
standard  number  per  rail  length). 

5.  Preservative  treatment  of  the  ties. 

6.  Number  of  ties  of  each  kind  renewed. 

7.  Cost  of  ties  of  each  kind  renewed. 

8.  Date  when  ties  removed  were  laid. 

9.  Place  where  ties  of  each  kind  were  obtained. 

10.  Tie-renewals  per  mile  of  track. 

11.  Kind  of  ballast  in  which  ties  were  laid. 

12.  Weight  of  rail. 

13.  Are  tie-plates  used? 

14.  General  condition  of  track;  including  condition  of  rails,  and 
road  bed,  surface,  line,  etc. 

TABLE  No.  14. — Tie  Record,  Smithville  Division,  A.  B.  &  C.  By. 


i 

2 

3 

4 

5 

6 

7, 

8 

9 
in 
II 
12 
18 
1) 


50  miles. 

tons. 

Oak,  50 

%. 

Pine,  25%. 

2  464. 

2  816. 

None. 

\  10%  zinc  chloride 
)  90%  none. 

5  000. 

3  125. 

55  ets. 

50  cts. 

t  2  000  in 

18 

2 000  in  18 

/  3  000  in 

18 

1  125  in  18 

Pennsylvania. 

Georgia. 

200. 

250. 

Stone. 

Screened  gravel. 

so  lbs. 

60  and  70  lbs. 

No. 

At  joints. 

Good. 

Good. 

Hemlock,  25%. 

2  816. 
1 10%  creosote. 
■  10%  zinc  chloride. 
f  80%  none. 

3  750. 
20  cts. 

3  000  in  18 

1750  in  18 

Pennsylvania. 

300. 

Common  gravel. 

60  and  70  lbs. 

On  all  ties. 

Rails  worn,  and  surface  poor. 
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Mr.  C.  Stanley  Chukton  (by  letter). — On  reading  Mr.  Curtis'  able  Mr.  Churton. 
and  exhaustive  paper  one  is  struck  by  the  extremely  short  life  of  the  ties. 
This,  however,  is  partly  explained  when  he  states  that  "they  perish 
by  the  mechanical  destruction  of  the  fibers  under  the  rail,"  and  also 
by  the  cutting  out  of  the  fibers  in  the  process  of  respiting.  Further 
on  it  is  shown  that  ties  can  be  protected  by  plugging  the  spike 
holes,  and  the  writer  would  suggest  that  before  insertion  the  plugs 
be  dipped,  either  in  liquid  creosote,  or  a  solution  of  chloride  of  zinc, 
or  sulphate  of  copper. 

The  whole  question  of  preserving  timber  by  chloride  of  zinc  seems 
hopelessly  mixed.  For  instance,  Mr.  Curtis,  in  remarking  on  pro- 
gress since  1885,  writes  :  "  Three  plants  treating  timber  with  zinc 
chloride  were  in  operation  in  the  United  States,  each  working  with  a 
different  process,"  and  further  alludes  to  "the  method  adopted  to 
prevent  the  impairment  of  the  preservative  treatment  by  the  washing 
out  of  the  zinc  salt,  which  is  quite  soluble  in  water." 

The  paper  does  not  state  how  one  process  differed  from  the 
others,  but  the  writer  thinks  that  Mr.  Curtis  is  wrong  in  his  state- 
ment concerning  the  washing  out  of  zinc  salt.  The  fact  is — 
and  it  is  an  important  fact,  and  one  not  to  be  forgotten — that 
chloride  of  zinc  acts  on  vegetable  fiber  the  same  as  iron  acts  on 
cotton  or  linen,  forming  what  is  known  as  iron-mould.  The  cotton 
can  take  up  only  a  certain  quantity  of  iron,  but  this  becomes 
incorporated  with  it,  and  no  amount  of  washing  or  boiling  can  take 
it  out;  there  is  a  chemical  combination  between  the  iron  and  the 
linen.  An  excess  of  iron  would  rot  and  destroy  the  linen,  and  the 
excess  which  could  not  be  combined  with  the  linen  could  be  washed 
away. 

The  fiber  of  the  wood  can  enter  into  combination  with  the  zinc  up 
to  a  certain  amount,  but  more  than  that  would  be  worse  than  useless, 
in  fact,  would  actually  defeat  its  own  object  and  hinder  rather  than 
assist  the  longevity  of  the  timber. 

Again,  chloride  of  zinc  attracts  water  from  the  atmosphere,  there- 
fore an  excess  of  chloride  would  keep  the  ties  perpetually  wet;  in  fact 
they  would  never  become  perfectly  dry;  consequently  decomposition 
of  the  fiber  tinder  the  rail  would  be  hastened.  It  is  admitted  on  page 
237,  that  on  the  Southern  Pacific  Railroad,  the  quantity  of  chloride 
used  was  too  great. 

In  some  parts  of  Mr.  Curtis'  paper,  the  process  is  described  ;is 
being  performed  under  pressure,  at  others  in  a  "vat,"  when  the  solu- 
tion was  raised  to  a  great  heat,  250°  to  300°.  The  writer's  opinion 
is  that  the  life  of  the  wood  is  in  the  sap;  destroy  the  sap  and  the 
life  is  destroyed.  The  best  way  to  preserve  timber  for  railway  use  is 
to  let  it  be  well  seasoned  before  being  placed  under  pressure.  The 
actual  drying,  under  favorable  circumstances,  does  not  take  very  long 
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Mr.  cimrton.  after  10  lbs.  of  solution  of  zinc  chloride  of  1.025  specific  gravity  has 
been  forced  into  it;  when  dry  it  is  harder,  denser  and  more 
durable.  The  use  of  the  word  "vat"  gives  one  the  impression 
that  in  some  places  ties  have  been  preserved  by  being  macerated  in 
a  hot  solution  of  zinc  chloride;  and  that  great  heat  has  been 
used.  The  timber  has,  in  fact,  been  boiled  in  a  preservative  solu- 
tion. The  object  of  applying  heat — which  is  not  absolutely  neces- 
sary when  timber  is  treated  under  pressure — is  to  expand  the  pores 
and  to  hasten  the  absorption  of  the  preservative,  and  the  appli- 
cation should  be  continued  only  as  long  as  is  necessary  to  absorb 
the  quantity  of  solution  required.  To  destroy  the  sap  by  excessive 
heat,  in  fact,  by  boiling  it  out,  is,  in  the  writer's  opinion,  a  positive 
mistake. 

It  cannot  be  too  strongly  insisted  upon  that  many  theorists, 
faddists  and  experimentalists  have,  from  time  to  time,  invented  pro- 
cesses for  the  preservation  of  timber,  which  have  only  had  the  effect  of 
destroying  its  vitality. 

About  twenty-five  years  ago  a  process  unknown  to  the  writer  was 
much  advocated,  but  after  a  little  time  the  wood,  some  specimens  of 
which  were  shown  ten  years  ago,  broke  like  carrots.  Timber,  like 
wine,  requires  careful  and  skilful  handling,  and  those  whose  duty  it 
is  to  treat  it  with  chemicals  should  understand  thoroughly  the  nature 
of  the  chemicals  used. 

The  late  Sir  William  Burnett,  the  inventor  of  Burnettizing,  was  a 
medical  director  in  the  navy,  and  was  cognizant  of  the  therapeutical 
effects  of  chloride  of  zinc  on  vegetable  fiber.  His  directions  were 
that  one  part  of  liquid  chloride  of  zinc  having  a  specific  gravity  of 
1.600  should  be  mixed  with  40  parts  of  water,  and  experience  has 
proved  that  this  is  the  best  strength  for  treating  timber,  and  most 
conducive  to  its  longevity. 
Mr.de Coningh.  Mr.  Van  Vryberghe  de  Coningh*  (by  letter). — On  the  Dutch  State 
Railroad  wooden  ties  have  been  used  exclusively  since  1889,  as  steel 
ties  did  not  give  satisfaction.  Baltic  pine  has  been  used  on  tangents 
and  curves  of  greater  radius  than  1  000  ins.,  and  Dutch  oak  or  beech 
for  curves  of  less  radius  and  for  switches.  Dutch  oak  is  preferred  to 
Baltic  oak  because  having  grown  more  slowly  it      y^-—  — *—>^ 

is  consequently  tougher,  though  less  showy.  Up 
to  the  present  time  no  difference  has  been  ob- 
served between  inland  and  foreign  beech.  The 
ties  are  from  2.60  to  2.70  ms.  in  length.  Their 
cross-section  is  as  shown  in  Fig.  l.f  FigI. 

The  rails  are  of  the  T  type,  weighing  from  33.7  to  40  kgr.  per 
meter,  and  are  not  fixed    directly  on   the  tie,  but  upon  steel  plates 

*  Ingenieur  der  Staatssjworwege  n,  Utrecht,  Holland. 
+  The  dimensions  on  Figs.  1  and  2  are  in  millimeters. 
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(shown   in   Fig.   2),    and  these,    at   the  same  time,    give   the  desired  Mr.de  Coningh. 
inclination  to  the  track.     The  length  of  these  plates  is  200  mm.     The 
rail  and  tie-plate  are  fixed  by  spikes. 

Formerly  the  ties  were  planed 
only  at  the  places  to  be  occupied  by 
the  plates,  by  making  incisions  with 

a    saw    and    planing    between,    but  FlG- 2- 

these  incisions  caused  the  infiltration  of  rain  water,  and  at  present  the 
whole  upper  surface  of  the  tie  is  planed. 

No  preservative  process  is  applied  to  oak  ties.  Pine  ties  are  pre- 
served by  the  modified  Rutgers  process,  and  beech  ties  with  tar-oil 
(creosote).  In  the  future,  when  the  installations  have  been  modified, 
the  Rutgers  process  will  also  be  applied  to  the  oak  ties. 

All  timber  is  cut  in  the  winter,  and  great  care  is  takeu  to  have  the 
ties  thoroughly  air-dried  before  they  are  treated,  because,  in  that  con- 
dition, the  wood  absorbs  the  preserving  liquids  more  readily. 

As  navigation  is  closed  by  the  ice  during  winter  and  spring,  the 
Baltic  pine  is  shipped  to  the  Netherlands  between  June  and  December, 
and  is,  therefore,  generally  jailed  up  in  the  Netherlands  during  one 
winter.  Only  in  exceptional  cases,  and  when  there  is  great  need  for 
it,  lumber  shipped  in  early  summer  is  put  through  the  process  in  the 
fall. 

Beech  shipped  in  the  spring  is  used  in  the  summer.  It  is  easily 
impregnated  and  is  then  very  durable,  but  if  it  is  not  impregnated  it 
decays  very  soon.  Therefore,  great  care  must  be  taken  with  it  before 
it  is  impregnated,  for,  if  it  is  piled  up  carelessly,  it  decays  readily. 

The  modification  of  the  ordinary  Rutgers  process  concerns  only  the 
composition  of  the  impregnating  liquid,  which  is  5°  Beaurne  (4%"  Zn 
CI2)  instead  of  33  Beaurne  (2%  Zn  CI")  as  ordinarily  used.  To  30  kgrs. 
of  the  mixture  (the  dose  for  one  pine  tie)  is  added  5  kgrs.  of  tar-oil, 
instead  of  2  kgrs. 

Up  to  the  present  time  experience  has  not  shown  that  by  augment- 
ing the  quantity  of  zinc  chloride  the  fibers  of  the  wood  are  attacked, 
or  that  the  wood  becomes  brittle.  Great  care  is  taken,  however,  to 
keep  the  zinc  chloride  absolutely  free  of  acid. 

The  quality  of  the  creosote  is  fixed  by  prescription  and  regularly 
controlled.  The  process  is  wholly  that  of  Burnett,  applied  by  Rutgers: 
steaming,  air-vacuum  and  impregnating  under  pressure,  the  time  for 
each  part  of  the  process  depending  on  the  degree  of  moisture  in  the 
wood. 

Until  the  impregnated  ties  are  to  be  used  in  the  track,  great  care  is 
taken  to  keep  them  piled  up  close  together;  just  contrary  to  the 
method  in  which  they  are  piled  before  impregnating,  which  is  very 
loose. 

There  are  no  statistics  yet  as  to  the  life  of  impregnated  ties. 
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Mr.de Coningh.        The  cost,  during  the  last  6  years  was  as  follows: 

Pine  ties 1.30  to  2  guilders  (52  to  80  cents). 

Beech  "   ±2.70  guilders  (81.08). 

Oak      "   28  to  38  guilders  per  cubic  meter. 

In  1898  the  cost  per  tie  was  as  follows: 

Pine 0.46  guilder  (18|  cents). 

Beech 0.72         "        (29       "     ). 

In  these  prices  are  included,  respectively,  0.30  and  0.58  guilder 
(12  and  23  cents)  for  the  liquids  (the  prices  of  these  varying  yearly), 
and  0.07  guilder  (2 J  cents)  for  labor.  The  remainder  makes  up  the 
expenses  for  engineers,  coal,  repairs  to  machinery,  and  supervision. 
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C.  E.  Fowler,  M.  Am.  Soc.  C.  E. — This  subject  has  impressed  the  Mr.  Fowler 
speaker  as  being  a  very  important  one,  for  the  reason  that  in  figuring 
on  work  he  has,  as  a  rule,  found  that  engineers  and  contractors  know 
only  approximately  the  quantities  of  cement,  sand  and  broken  stone 
to  order  for  a  given  number  of  yards  of  concrete  of  certain  specified 
proportions.  The  most  convenient  way  of  determining  these  quanti- 
ties is  to  prepare  tables  from  which  the  amounts  required  for  a  yard 
of  concrete  of  any  proportion  may  be  taken,  using  only  such  propor- 
tions as  have  the  voids  in  the  stone  entirely  or  more  than  filled. 

Many  writers  on  this  subject  have  assumed  that  every  concrete,  no 
matter  what  the  proportions  may  be,  has  simply  a  yard  of  broken 
stone,  without  regard  to  the  fact  that  there  is  more  or  less  mortar  in 
different  proportions.  In  making  up  a  table  of  this  sort  the  speaker 
used  the  proportions  of  mortar  given  in  Baker's  "Masonry  Construc- 
tion," but  found  that  this  did  not  agree  with  actual  practice.  These 
tables  in  "  Masonry  Construction  "  were  made  up  from  theoretical 

♦This  discussion  (of  the  paper  by  George  W  Rafter,  M.  Am.  Soc.  C.  E.,  printed  in 
Proceedings  for  April,  1899)  is  printed  in  Proceedings  in  order  that  the  views  expressed 
may  be  brought  before  all  members  of  the  Society  for  further  discussion.  (See  rules 
for  publication,  Proceedings,  Vol.  xxv  ,  p.  71.) 

Communications  on  this  subject  received  prior  to  September  23d,  1899,  will  lie  printed 
in  a  later  number  of  Proceedings,  and  subsequently  the  whole  discussion  wdl  be 
published  in  Transactions. 
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Mr.  Fowler,  considerations,  and  it  is  understood  that  they  are  to  be  revised  in  a 
new  edition. 

TABLE  No.  4. — Pobtland  Cement  Conckete. 


No. 

Propor- 
tions. 

Barrels 
cement. 

Yards 
sand. 

Stone, 
0.4  voids. 

Stone, 
0.5  voids. 

1-2-3 
1-2-34 
1-2-1 
1-2-4* 

1-2-5 

1-2-54 

1-3-4 

1-3-44 

1-3-5 

1-3-54 

1-3-6 

1-4-6 
1-4-64 
1-4-7 
1-4-7^ 

1-4-8 

1.77 
1.68 
1.59 
1.48 

1.39 

1.30 

1.30 
1.22 
1.16 
1.09 
1.04 

1.00 
0.96 
0.92 
0.88 
0.83 

0.51 
0.49 
0.47 
0.44 
0.42- 
0.40 

0.57 
0.54 
0.52 
0.50 
0.48 

0.55 
0.53 
0.51 
0.49 
0.47 

0.87 
0.91 
0.95 
1.00 

1 

1.05 

2 

8 

1.10 
1.15 

4 

1.20 

5 

1.04 
1.08 

0.83 
0.89 
0.92 
0.97 
1.00 

1.26 

6 

7 

1.30 
1.00 

8 

lT06 

9 

1.11 

10 

11 

1.16 
1.20 

0.91 
0.94 
0.97 
1.00 

12 

13  

14 

1.09 
1.13 
1.17 

15 

1.21 

16 

1.03 

1.25 

Mr.  Tillson. 


About  34  cu.  ft.  loose  =  1  yd.  rammed. 
Labor  =  4  to  2  yds.  per  man  per  day. 

Table  No.  4  was  made  up  some  years  ago  by  comparison  with 
actual  cases,  and  has  been  found  to  give  very  satisfactory  results  in 
practice.  The  column  for  broken  stone  with  0.4  voids  will  represent 
closely  ordinary  broken  limestone  which  chips  up  more  than  a  harder 
stone  and  consequently  has  less  voids;  while  the  column  with  0.5  voids 
represents  trap  rock,  the  break  in  which  is  more  angular.  It  will  be 
readily  seen  from  the  table  for  Portland  cement  concrete  that  certain 
proportions  will  not  have  the  voids  filled  and  should  not  be  used. 
For  example,  with  1  to  3  mortar  and  with  stone  having  0.4  voids  all 
the  concrete  given  will  have  the  voids  filled,  or  more  than  filled,  while 
with  0.5  voids  only  the  1-3-4  (No.  7),  will  have  the  voids  filled.  The 
table  is  made  up  on  the  basis  of  shrinkage  under  ramming  of  about 
7  cu.  ft.,  and  3.8  cu.  ft.  of  cement  to  a  barrel. 

In  a  recent  paper  presented  to  the  Society,  one  of  the  members 
stated  that  concrete  was  not  a  fit  material  for  piers  of  railway  bridges, 
unless  a  pedestal  block  of  stone  was  used  on  which  to  rest  the  masonry 
plates.  The  speaker  would  refer  that  member  to  the  engineers  of  half 
a  dozen  large  western  roads  who  use  concrete  for  piers  and  allow  the 
bed  plates  to  rest  directly  upon  the  concrete.  Concrete  is  certainly 
better  than  most  stone,  except  granite,  and  probably  50,%"  better  than 
much  of  the  stone  commonly  used. 

G.  W.  TmiiSON,  M.  Am.  Soc.  C.  E. — The  speaker  has  had  some  ex- 
perience in  the  last  few  years  in  mixing  concrete  for  street  work,  by 
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hand  and  by  machinery.  For  such  work,  the  layer  of  concrete  is  com-  Mr.  Tillson. 
paratively  thin,  only  6  ins.  thick,  as  a  rale,  and  the  mixer,  if  a  machine 
is  used,  must  be  moved  forward  to  keep  out  of  the  way  of  the  finished 
work.  In  Brooklyn,  for  the  last  two  or  three  years,  almost  all  the 
concrete  for  street  pavements  has  been  mixed  by  machinery  such  as 
was  described  by  Mr.  Gould.  The  method  of  procedure,  however,  is 
a  little  different.  The  sand  and  cement  are  first  thoroughly  mixed 
dry,  in  the  proper  proportions,  on  one  side  of  the  machine.  The  stone 
is  all  delivered  on  the  opposite  side  and  is  dumped  on  a  plank  plat- 
form. Before  the  stone  is  used,  it  is  thoroughly  wet.  A  gas  pipe, 
perforated  throughout  its  length  and  running  lengthwise  inside  the 
cylinder  of  the  machine,  admits  the  water.  Then,  when  the  cement 
and  sand  are  so  mixed  as  to  produce  a  good  niortar,  an  inspection  of 
the  material  as  it  comes  from  the  machine  indicates  whether  or  not 
the  stone  is  in  the  proper  proportion  to  give  a  good  concrete.  Good 
concrete  cannot  be  obtained  without  good  mortar.  The  specifications 
call  for  a  1,  2,  4  mixture,  and,  generally,  there  are  two  men  shoveling 
in  the  material  on  the  cement  side  and  four  men  on  the  stone  side, 
and  the  shoveling  is  continuous,  on  both  sides,  until  the  machine  has 
to  be  moved.  The  mixer  has  a  gate  at  the  lower  end,  attended  by  a 
man  who  dumps  the  concrete  into  the  wheel-barrows.  In  that  way, 
with  proper  care,  the  result  is  as  good  as  if  the  work  was  done  by 
hand,  if  not  better.  In  both  cases  the  quality  depends  entirely  upon 
the  work  being  done  properly  and  systematically.  Good  concrete  can 
be  obtained  when  mixed  either  by  hand  or  by  machinery.  When 
mixed  by  hand,  the  difficulty  is,  as  has  been  said,  to  have  the  mixing 
done  thoroughly.  It  is  hard  work,  and  in  warm  weather  the  laborers 
will  get  through  with  a  batch  as  soon  as  possible. 

In  making  machine-mixed  concrete  the  difficulty  is  to  supply  the 
ingredients  in  the  proper  proportions,  so  that  there  shall  not  be  an 
excess  of  any  single  material.  The  stone  and  cement  should  be  put 
in  at  regular  intervals.  Their  supply  will  be  graded  very  nicely  after 
the  men  have  worked  at  it  a  little  while,  especially  if  the  foreman 
understands  the  work.  There  is  great  danger,  however,  in  using  a 
machine,  if  both  the  foreman  and  the  men  are  inexperienced. 

The  relative  costs  of  the  two  methods,  as  nearly  as  the  speaker  has 
been  able  to  estimate  roughly,  by  counting  the  number  of  men  on 
gangs  working  by  each,  are  about  7  cents  for  the  machine-mixed  and 
10  cents  for  the  hand-mixed  concrete  per  square  yard,  6  ins.  deep. 
This  will  doubtless  vary  10%,  either  way,  according  to  the  contractor 
or  the  foreman. 

The  speaker  has  found  the  amount  of  water  that  should  be  used  to 
be  dependent  upon  conditions.  A  dry  concrete  will  give  good  results 
in  cool  weather,  and  the  same  mixture,  in  warm  weather,  will  be  of 
practically  no  value.     When  the  weather  is  very  hot,  and  when  con- 
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Mr.  Tilison.  crete  has  to  be  exposed  to  tlie  air,  as  when  used  as  foundation  for  an 
asphalt  pavement,  unless  it  is  mixed  quite  wet  the  water  dries  out  so 
rapidly,  for  the  first  inch  at  least,  that  there  is  no  chance  for  the 
chemical  action  to  set  in.  The  result  is,  that  the  concrete  is  dry,  and, 
in  many  cases,  is  readily  disintegrated  near  the  surface,  when  under 
other  conditions,  good  results  would  have  been  obtained.  The 
speaker  believes  that  it  is  safer  to  make  a  concrete  a  little  wet  rather 
than  a  little  dry,  and  he  had  the  idea  that  hand-made  concrete  is 
better,  in  the  abstract,  than  machine-made  concrete,  but  judging 
from  some  hand-made  work  seen  recently,  he  believes  it  fair  to  say 
that  the  machine-made  concrete  is  just  as  good  as  the  hand-made,  and 
that  its  quality,  in  both  cases,  depends  greatly  on  the  care  taken  in 
mixing. 
Mr.  Dunham.  H.  F.  Dunham,  M.  Am.  Soc.  C.  E. — The  presence  of  dust  in  the 
concrete  has  been  mentioned.  In  certain  parts  of  the  country  large 
quantities  of  limestone  are  crushed  for  use  in  blast  furnaces,  and  in 
some  establishments  the  limestone  is  also  crushed  for  concrete.  They 
have,  altogether,  a  heterogeneous  product;  some  of  it  is  very  coarse 
and  is  used  in  mills,  some  is  of  fine  grades  and  is  used  for  walks  when 
it  can  be  disposed  of  for  that  purpose,  some  is  crushed  to  pass 
through  a  1\  or  2-in.  ring,  as  the  case  may  be,  for  regular  concrete,  and 
there  is  also  a  product,  called  dust-screenings,  which  resembles  a 
mixture  of  half  flour  and  half  Indian  meal,  with  some  pieces  as  large 
as  a  kernel  of  corn. 

The  speaker  was  desirous  to  see  the  effect  of  treating  that  dust  in 
connection  with  concrete  just  as  one  would  treat  sand.  He,  therefore, 
made  a  mixture  in  proportions  of  1  part  cement,  2|  parts  dust  and  3^ 
parts  broken  stone  of  about  the  size  which  would  pass  through  a  2-in. 
ring.  A  block  of  about  9  ins.  in  each  dimension  was  made,  kept  for  a 
period  of  two  or  three  weeks  and  tested.  It  was  loaded  to  the  limit  of 
3  tons  to  the  square  foot,  which  was  more  than  it  was  required  to  bear 
in  the  place  where  it  was  to  be  used,  and  showed  no  sign  of  fracture  or 
disintegration.  It  seemed  to  be  entirely  satisfactory.  American 
cement  of  ordinary  grade  was  used,  and  to  appreciate  the  condition 
fully  it  would  be  necessary  to  see  the  so-called  dust.  It  was  material 
that  could  not  well  be  shoveled  if  there  was  any  wind. 

In  an  experiment  regarding  the  voids  in  crushed  limestone,  an 
ordinary  metal  receptacle  was  first  filled  with  the  large  broken  stone, 
2-in.  ballast,  and  then  with  water,  and  it  was  found  that  the  quantity 
of  water  required  was  substantially  the  same  as  that  required  to  fill  to 
overflowing  the  same  vessel  after  it  had  been  completely  filled  with 
this  so-called  dust;  showing  that  the  limestone,  whatever  its  condition 
— probably  it  would  hold  true  for  any  grade  between  those  two — 
would  require  substantially  the  same  amount  of  water  to  completely 
saturate  it  and  fill  the  voids. 
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E.  Sherman  Gould,  M.   Am.  Soc.  C.  E. — In  regard  to  the  com- Mr.  Gould, 
parative  merits  and  quality  of  hand -made  and  machine-made  concrete, 
the  speaker  thinks  the  impression  is  somewhat  general  that  the  hand- 
made concrete  is  the  better,  but  he  does  not  know  how  that  has  been 
ascertained,   whether  by  actual  examination  or  by  thinking  that  it 
ought  to  be  the  best  because  it  is  hand-made.     Hand-made  work  of 
all  kinds  is  often  looked  upon  as  being  superior.     The  speaker  has 
been  led  to  take  a  different  view,  and  in  his  own  experience,  as  far  as 
he  has  been  able  to  judge,  without  applying  any  critical  test,  such  as 
testing  the  tensile  or  crushing  strength  of  large  blocks,  but  just  from 
the  appearance  of  the  concrete,   he  has  been  led  to  think  that  the 
machine-made  product  was  the  better,  and  it  is  natural  that  it  should 
be,  because  the  mixing  of  the  ingredients  of  concrete,  being  one  of  the 
hardest  kinds  of  work  that  a  man  can  do,  is  often   slighted.     The 
material  must  be  turned  over  thoroughly;  the  shovels  must  go  down 
to  the  bottom  of  the  heap  until  they  scrape  against  the  boards  of  the 
platform,  and  the  mixture  must  be  picked  up  from  the  bottom  and 
turned  over  again  and  again.     On  the  other  hand,  when  the  product 
is  put  in  a  machine  and  stirred  around  mechanically  there  must  be  a 
more  complete  and  regular  mixing  than  could  otherwise  be  obtained. 
No  doubt  there  are  several  ways  of  making  machine-made  concrete- 
The  only  machine  the  speaker  has  used  is  one  with  a  metallic  shaft 
running  through  the  box,  with  fins  or  fans  working  in  the  material;  the 
box  being  on  a  slant  and  the  material  fed  in  at  one  end  and  out  at  the 
other.     The  comparisons  of   hand-made  and   machine-made  concrete 
were  made  on  work  which  the  speaker  was  executing,  and  when,  in 
order  to  gain  time,  he  supplemented  the  machine  by  gangs  of  men 
making  the  concrete  by  hand  in  the  ordinary  way,  and  using  the  same 
proportions  as  in  the  machine;  the  relative  merits  of  the  two  products 
were  judged  in  that  way.     The  method  of  making  the  machine-made 
concrete  was  as  follows:  The  sand  and  cement  were  measured  out  on 
the  platform  surrounding  the  machine  and  mixed  dry,  only  one  batch 
being  mixed  at  a  time.     The  proportions  were  1  of  cement,  3  of  sand 
and  6  of  broken  stone.     The  stone  was  crushed  in  a  machine.     At  first 
it  was  screened,  but  was  afterward  used  just  as  it  came  from  the 
crusher,  and  it  was  believed  that  the  results  were  better,  or  at  least 
as  good.     A  barrel  of  cement  was  mixed  dry  with  3  barrels  of  sand, 
and  each  barrel  of  stone  was  thoroughly  wet.     The  stone  was  emptied 
out  on  the  platform,  and  then  the  stone  and  mortar  were  shoveled  into 
the  mixer.     After  a  short  time  the  men  got  accustomed  to  the  rate  at 
which  the  stone  and  mortar  should  go  in,  so  that  by  the  time  all  the 
stone  was  gone,  all  the  mortar  was  also  used  up  and  the  bed  was 
cleaned  off.     The  water  was  fed  in  and  was  regulated  by  a  valve  man- 
aged by  a  man  who  stood  at  the  lower  end  of  the  machine,  so  that  he 
could  see  the  concrete  as  it  fed  out  into  the  iron  wagons,  by  whicdi  it 
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Mr.  Gould,  was  conveyed  to  the  work.  After  a  little  while  the  man  who  was 
managing  the  water  valve  knew  the  proper  consistency  ;  if  the 
concrete  was  too  wet  or  too  dry,  word  was  sent  to  him  and  he 
regulated  the  water  accordingly.  The  speaker  feels  quite  sure  that 
no  hand-made  concrete,  using  the  same  proportions,  could  equal  that 
machine-made  product,  because  of  the  thorough  way  in  which  it  was 
churned  up. 

Another  point,  with  which  the  speaker  agrees  fully,  is  that  although 
in  a  laboratory  experiment  the  dry  mortar  or  concrete  is  stronger,  yet 
in  practice  it  is  very  aj)t  to  be  weaker,  and  although  too  much  water 
is  bad,  too  little  is  a  great  deal  worse.  That  has  always  been  an 
axiom  with  the  speaker,  and  he  has  found  it  was  difficult  to  get  the 
necessary  amount  of  tamping  done  to  bring  up  the  moist  surface  on 
the  dry  concrete,  without  which  it  is  worthless  and  ought  to  be 
removed.  If  the  concrete  is  so  dry  that  tamping  fails  to  bring  the 
moisture  to  the  surface — indeed  it  ought  to  be  almost  a  water  surface 
rather  than  mere  dampness — the  concrete  is  worthless  and  should  be 
taken  out.  By  putting  in  a  little  more  water,  however,  this  is  avoided, 
the  work  is  certainly  done  more  quickly  and,  on  the  whole,  a  better 
result  is  obtained.  The  speaker  was  brought  up  in  the  dry  school, 
and  got  his  first  education  in  concrete  making  from  General  Gillmore 
on  work  which  he  was  executing  for  him  in  the  rebuilding  of  Forts 
Sumter  and  Moultrie,  in  Charleston  Harbor.  All  the  work  there  was 
done  according  to  General  Gillmore's  directions,  under  rules  which 
he  had  given.  It  is  certain  that  a  very  fine  concrete  was  produced, 
but  it  was  with  great  labor,  and  was  done  by  day's  work.  If  any  thing- 
was  at  all  wrong  the  concrete  was  simply  taken  out  and  the  work 
started  over  again,  nothing  which  was  at  all  imperfect  being  allowed 
to  remain.  The  speaker,  however,  gradually  came  around  to  a  freer 
use  of  water,  and  thinks  that  it  gives,  upon  the  whole,  a  better  result. 
One  reason  is  that  in  making  successive  beds  of  concrete,  if  they  are 
being  brought  up  in  4  or  6-in.  layers,  which  is  apt  to  be  the  case,  the 
last  bed  tamped  makes  a  better  bond  with  the  next  bed  put  on  if  it  is 
a  little  more  moist.  The  speaker  is  quite  convinced  that  a  section 
through  a  large  mass  of  concrete  which  has  been  constructed  of  very 
dry  6-in.  layers  would  be  very  apt  to  show  partings  between  the  suc- 
cessive beds.  That  may  or  may  not  be,  but  the  speaker  would  rather 
expect  to  find  it,  and,  more  than  that,  he  would  be  afraid  that  the  dry 
bed  had  immediately  taken  a  set  and  that  the  placing  of  the  other  bed 
upon  it  and  the  tamping — the  influence  of  tamping,  of  course,  is  felt 
through  the  entire  bed — would  have  a  rather  disastrous  effect  upon 
the  partially  set  concrete  in  the  bed  below;  whereas,  if  it  is  more  moist 
the  set  does  not  take  place  so  rapidly,  and  there  is  not  the  same  danger 
in  pounding  on  a  bed  of  concrete  which  has  just  commenced  to  take  a 
set.     In  other  words,  if  every  possible  precaution  be  taken  and  the 
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•work  is  done  under  able  and  constant  inspection,  it  is  probable  that  a  Mr.  Gould, 
little  stronger  and  better  product  may  be  obtained  with  a  very  dry 
mixture;  yet,  taking  contract  work  as  it  is  done  all  over  the  country, 
there  is  a  better  chance  to   get  a  good  result  if  everything  is  kept  a 
little  moist. 

After  concrete  has  been  placed,  a  very  important  detail  is  to  keep 
it  constantly  wet  until  it  is  covered  over  with  whatever  material  is  to 
come  on  it.  Concrete  is  largely  used  for  foundations  upon  which 
stone  work  is  built,  but  in  the  speaker's  practice  all  exposed  concrete 
is  kept  wet  for  an  indefinite  period.  He  has  had  concrete  watered 
every  day  and  kept  constantly  wet  for  probably  two  or  three  weeks 
after  it  had  set.  In  using  hydraulic  cement,  which  is  the  only  kind 
ever  used  now,  the  great  point  is  to  let  it  always  have  plenty  of  water, 
and,  after  the  concrete  is  all  finished,  no  matter  how  much  water  has 
been  used  in  making  and  placing  it,  it  should  be  kept  coDstantly  wet, 
not  by  dashing  water  on  it,  but  by  sprinkling.  The  longer  this  can 
be  done,  the  better. 

The  experiment  mentioned  by  Mr.  Conrow  was  conclusive  as  regards 
that  particular  hand-made  and  machine-made  concrete,  but  the  speaker 
does  not  think  that  the  two  can  be  spoken  of  so  generally  as  that. 
Good  hand-made  concrete  would  be  better  than  bad  machine-made 
concrete  and  vice  versa.  The  only  way  to  settle  the  matter  satis- 
factorily would  be  to  test  the  very  best  of  each  kind. 

The  greater  adhesion  in  the  washed  bricks  was  probably  due  to  the 
saturation  with  water.  If  two  bricks  are  washed  and  thoroughly 
saturated  with  water  their  adhesion  is  very  much  greater  than  that 
of  two  dry,  unwashed  bricks.  The  speaker  would  attribute  the  in- 
creased adhesion  to  the  moisture. 

P.  W.  Henry,  Assoc.  M.  Am.  Soc.  C.  E. — About  a  month  ago  the  Mr.  Henry, 
speaker  saw  in  New  Orleans  the  work  which  is  being  done  for  the 
Drainage  Commission,  of  which  Major  Harrod  is  Chief  Engineer.  The 
machine  used  in  mixing  the  concrete  is  the  ordinary  asphalt  mixer. 
It  consists  of  a  chamber  in  which  two  shafts  provided  with  teeth  revolve 
in  opposite  directions  and  draw  the  mixture  toward  the  center.  The 
sand,  cement  and  shells  are  placed  in  receptacles  above,  which  hold  the 
required  amount.  The  dry  materials  are  dumped  directly  into  the  mixer, 
and  are  mixed  dry  until  all  are  practically  of  one  color.  The  water  is 
then  turned  on.  The  speaker  thinks  that  the  quantity  of  water  is 
judged  by  the  eye  and  not  measured,  but  it  could  be  arranged  to  admit 
water  by  volume.  The  result  is  an  absolutely  perfect  mixture,  if  such 
a  thing  is  possible;  because  a  great  number  of  analyses  of  asphalt  mix- 
tures with  that  type  of  machine  have  shown  an  identical  grading  of  the 
sand  throughout  all  parts  of  the  mixture,  and  also  the  same  amount  of 
bitumen  in  the  mixture.  The  results  in  New  Orleans  are  certainly  very 
satisfactory.     Whether  this  style  of  mixer  would  be  as  suitable  for 
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Mr.  Henry,  trap  rock,  for  instance,  which  is  very  heavy,  or  even  for  limestone,  is 
a  question  upon  which  the  speaker  is  not  able  to  express  an  opinion. 
It  certainly  works  very  satisfactorily  with  the  shells. 

The  speaker's  experience  with  dry  and  wet  concrete  has  been  con- 
fined entirely  to  laying  concrete  for  asphalt  pavements,  and  indicates 
that  it  is  safer  to  use  a  moderately  wet  mixture  for  that  purpose. 
When  concrete  is  laid  during  hot  weather,  it  is  a  very  good  practice  to 
sprinkle  the  surface  every  night  until  the  concrete  is  thoroughly  set, 
or  for,  say,  eight  or  ten  days. 
Mr.  Conrow.  Herman  Coneow,  Jun.  Am.  Soc.  C.  E. — In  ten  of  the  tests  given  by 
the  author  for  "dry,"  "plastic"  and  "excess"  concrete,  under  the 
same  conditions,  the  speaker  finds  that  the  average  ratios  of  strength 
are  as  follows: 

Dry,  29.1;  plastic,  26.6;  excess,  25.3. 

About  three  years  ago  the  speaker  made  some  experiments  upon 
concrete  with  especial  reference  to  its  economical  mixing  and  laying. 
The  experiments  were  made  under  average  conditions  of  mixing  by 
hand,  and  the  figures  here  given  were  obtained  with  a  gang  of  tea  men 
and  a  foreman.  When  laying  wet  concrete,  the  gang  was  divided  as 
follows:  One  foreman,  9  mixers,  1  rammer.  An  average  day's  work  was 
15  cu.  yds.  of  concrete  in  place.  When  laying  dry  concrete,  the  gang 
was  divided  thus:  One  foreman,  6  mixers,  4  rammers;  and,  under  the 
same  conditions  as  above,  an  average  day's  work  was  8  cu.  yds.  in  place. 
Taking  the  foreman's  wages  at  $2  per  day,  and  the  men  at  $1.50  each, 
the  cost  of  laying  1  cu.  yd.  under  the  two  conditions  was  as  follows: 


Cost  of  Laying  Wet  Concrete  per  Cubic 
Yard. 


Cement  (1  barrel  Portland) $1 .50 

Sand 50 

Stone 1 .  00 

Labor 1.13 

Total $4.13 


Cost  of  Laying  Dry  Concrete  per  Cubic 
Yard. 


Cement  (1  barrel  Portland) $1.50 

Sand 50 

Stone 1 .00 

Labor 2.12 

Total $5.12 


The  dry  concrete  thus  cost  24%"  more  than  the  wet.  From  the 
averages  of  the  previously  mentioned  ten  tests,  given  by  the  author, 
dry  concrete  is  about  15%  stronger  than  wet.  Consequently  an  engi- 
neer would  not  be  justified  in  using  dry  concrete  except  in  cases  where 
unusual  strength  was  desired,  as  in  arches. 

Only  those  who  have  handled  concrete  under  actual  conditions  can 
realize  the  greater  ease  of  mixing  and  laying  it  when  water  is  freely 
used.  Especially  is  this  true  in  hot  weather.  Dry  concrete  may  be  an 
uncertain  material,  and  if  the  inspector  relaxes  his  vigilance  for  a  few 
minutes  a  weak  spot  is  liable  to  occur  in  the  masonry.     Although  dry 
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concrete,  by  a  great  amount  of  ramming,  may  be  made  stronger  than  Mr.  Conrow. 
wet  concrete,  yet  if  it  is  not  thoroughly  rammed  it  may  possess  almost 
no  strength,  even  when  the  cement  is  first  class.     Wet  concrete  cannot 
be  weak — provided  the  cement  is  good  and  it  is  reasonably  well  mixed. 

The  speaker  also  experimented  with  different  methods  of  mixing  con- 
crete. After  trying  various  ways  the  following  proved  to  be  the  best. 
Mix  the  mortar  dry;  then  wet  it  and  mix  until  all  is  of  the  same  consis- 
tency and  about  as  wet  as  can  be  handled  easily  with  shovels.  After 
the  stones  have  been  spread  evenly  to  a  depth  of  about  8  ins.  and 
washed  clean,  spread  the  mortar  over  them  and  then  begin  the  turn- 
ing. By  using  wet  mortar  it  saves  at  least  one  turning  as  the  mortar 
percolates  through  the  stones  and  three  turnings  with  wet  mortar  will 
incorporate  more  thoroughly  than  four  turnings  with  dry  mortar. 

As  to  the  comparative  merits  of  hand-mixed  and  machine-mixed 
concrete,  the  speaker  prefers  the  former,  because  in  most  machines  there 
is  given  no  opportunity  of  thoroughly  washing  the  stone  before  it  is 
mixed  with  mortar.  The  dust  rising  continually  in  the  machine 
settles  on  the  stone  prior  to  contact  with  the  mortar,  all  to  the  detri- 
ment of  the  concrete.  Only  by  mixing  in  the  open  air  with  plenty  of 
room  can  the  stone  be  kept  perfectly  clean  until  the  mortar  is  applied. 
The  importance  of  thoroughly  mixing  the  concrete  is  only  equalled  by 
that  of  having  the  stones  clean. 

There  is  no  material  used  in  engineering  which  is  so  variable  as 
concrete,  and  the  remedy  for  a  vast  amount  of  poor  concrete  is  the 
same  as  in  a  majority  of  cases  of  poor  brickwork  and  weak  masonry — 
the  use  of  plenty  of  water  during  construction. 

In  tearing  out  some  concrete,  the  speaker  noticed  that  when  the 
hand-mixed  concrete  was  broken  with  a  sledge  hammer,  it  would  almost 
always  break  across  the  stone,  thus  showing  that  the  concrete  was 
about  as  good  as  it  was  possible  to  make  it.  With  the  machine-mixed 
concrete,  however,  it  often  happened  that  the  stone  did  not  break,  but 
broke  away  from  the  cement  and  left  a  cavity,  showing,  evidently,  that 
there  was  weakness  at  that  point.  It  is  well  known  that  if  the  stone  is 
covered  with  a  film  of  dust,  the  concrete  will  not  be  so  strong  as  if  it  is 
perfectly  clean.  The  speaker  does  not  see  how  it  would  be  possible, 
in  the  machine  described  by  Mr.  Henry,  where  all  the  dry  materials 
are  first  mixed  together  and  then  wet,  to  get  a  perfect  concrete.  If, 
for  instance,  two  bricks,  as  they  come  from  the  brickyard,  are  laid  with 
a  layer  of  mortar  between  them,  and  two  other  bricks,  first  washed 
perfectly  clean,  are  similarly  laid,  the  difference  in  tensile  strength 
between  the  two  would  be  very  great.  The  same  principle  applies  to 
concrete.  If  all  the  ingredients  are  mixed  together  dry  in  a  machine, 
the  case  is  exactly  the  same;  dust-covered  stone  is  used  and  the  result- 
ing concrete  is  not  so  strong  as  concrete  made  from  thoroughly  washed 
stones. 
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Mr.  Hazen.  Allen  Hazen,  Assoc.  M.  Am.  Soc.  C.  E. — The  proposition  advanced 
by  the  author  that  the  best  method  of  determining  the  proportions  of 
concrete  is,  first,  to  decide  upon  the  ratio  of  sand  to  cement  in  the 
mortar,  and,  second,  to  determine  the  ratio  of  mortar  to  stone,  is 
undoubtedly  correct,  although  the  conventional  method  of  statement 
of  the  relative  volumes  of  the  various  ingredients  is  extremely  con- 
venient and  will  doubtless  continue  to  be  used. 

The  paper  treats  the  subject  ajoparently  only  from  the  standpoint 
of  the  crushing  strength  of  the  concrete  produced.  In  very  large 
masses  and  in  foundations  the  crushing  strength  is,  perhaps,  the  most 
important  quality  of  concrete;  but  concrete  is  used  for  many  purposes 
■where  other  properties  than  crushing  strength  are  of  very  great  and, 
in  fact,  of  controlling  importance.  Thus,  in  exposed  positions,  a 
concrete  which  will  resist  the  action  of  frost  is  of  the  first  importance. 
In  other  cases  a  water-tight  concrete  is  required,  and  in  still  others  it 
is  desirable  to  have  concrete  which  will  completely  fill  forms  and  yield 
smooth  surfaces,  and  is  of  such  consistency  as  to  allow  the  upper 
surface  to  be  troweled.  For  all  of  these  purposes  a  concrete  as  free  from 
voids  as  possible  is  desirable;  and  to  secure  satisfactory  results  it  is 
necessary  to  use  an  amount  of  mortar  somewhat  more  than  sufficient 
to  completely  fill  the  voids  in  the  stone. 

The  proportions  of  voids  in  broken  stone,  gravel  and  sand  are 
often  very  large.  They  are  frequently  underestimated  by  defective 
methods  of  measurement.  The  most  obvious,  and,  perhaps,  the  most 
common,  method  used  to  determine  voids  is  to  place  the  material  in  a 
receptacle  of  known  capacity,  and  to  pour  as  much  water  into  it  as 
possible,  measuring  the  volume  of  water  used.  This  procedure  invari- 
ably gives  results  which  are  too  low,  the  amount  of  error  depending 
upon  several  conditions.  The  sand  or  gravel  for  examination  is  rarely 
perfectly  dry.  Two  or  3%  of  water  by  weight  do  not  make  a  material 
appear  particularly  moist;  but  2  or  3%  of  water  by  weight  are  equal 
to  from  3  to  5%  by  volume,  and  if  the  voids  are  measured  by  displace- 
ment the  results  will  be  too  low  by  this  amount. 

Another  and  oftentimes  a  more  serious  source  of  error  arises  from 
the  fact  that  all  the  air  is  not  displaced  by  the  water.  With  coarse, 
clean  gravels  the  air  can  be  displaced  almost  completely,  and  the 
error  from  this  source  is  not  large.  With  dirty  materials  the  error  is 
much  greater,  and  with  sands  the  air  cannot  be  even  approximately 
disjdaced  in  this  way. 

The  most  accurate  and  convenient  method  of  determining  the 
voids,  know  to  the  writer,  is  to  determine,  first,  the  specific  gravity  of 
the  solid  particles,  and,  second,  the  specific  gravity  of  the  material  as 
a  whole,  including  the  voids.  The  percentage  of  space  occupied  by 
the  particles  is  then  obtained  by  dividing  the  specific  gravity  of  the 
mass  as  a  whole,  including  the  voids,  by  the  specific  gravity  of  the 
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solid   particles,    and   the   voids    are   represented    by    the    difference  Mr.  Hazen. 
between  the  whole  volume  and  the  space  occupied  by  the  solid  parti- 
cles. 

In  case  the  material  used  for  this  purpose  is  not  absolutely  free 
from  water,  the  whole  or  a  part  of  it  must  be  dried  after  the  experi- 
ment to  determine  the  amount  of  water  in  it,  and  a  correction  applied 
therefor.  It  will  not  do  to  dry  a  moist  material  before  taking  its 
specific  gravity,  as  the  closeness  of  packing  will  be  very  likely  to  be 
different  for  wet  and  dry  materials. 

It  is  usually  a  comparatively  easy  matter  to  determine  the  specific 
gravity  of  the  solid  particles,  but  for  large  classes  of  materials  the 
specific  gravities  are  so  uniform  that  the  errors  introduced  by  assum- 
ing an  average  value  of  2. 65  are  very  slight.  The  specific  gravities 
of  sands  and  gravels  of  the  glacial  drift  of  the  Eastern  States  and  of 
all  silicious  sands  are  very  close  to  this  figure,  and  much  of  the 
broken  stone  used  for  concrete  is  of  nearly  the  same  density.  The 
proportion  of  voids  is  thus  a  direct  function  of  the  weight  per  cubic 
foot,  after  allowance  is  made  for  moisture.  Loosely  placed  stone  or 
sand  weighing  83  lbs.  per  cubic  foot  has  50%  of  voids.  "When  com- 
pacted to  45%  of  voids,  the  weight  is  increased  to  91  lbs.  per  cubic 
foot.  In  the  speaker's  experience  this  represents  approximately  the 
condition  of  ordinary  building  sand  as  it  is  usually  measured  for  con- 
crete, and  corresponds  closely  with  the  weight  of  sand  mentioned 
by  the  author.  When  further  compacted  to  40%  of  voids  the  weight  is 
99  lbs.  per  cubic  foot.  With  35%  of  voids  the  weight  is  108  lbs., 
and  with  30%  of  voids,  116  pounds  per  cubic  foot. 

The  voids  in  clean  gravels  or  in  broken  stone  without  special  pack- 
ing are  seldom  less  than  40%,  although  they  are  less  when  sand, 
small  fragments  of  stone  or  other  fine  materials  are  present  in  con- 
siderable amount  in  the  interstices  of  the  larger  material.  When 
ballast  for  concrete  contains  such  material  the  amount  of  sand  in  the 
mixture  should  be  reduced  by  a  corresponding  amount,  but  no  reduc- 
tion should  be  made  in  the  quantity  of  cement.  That  is,  the  fine 
material  in  the  ballast  should  be  computed  as  sand,  and  as  entering 
into  the  composition  of  the  mortar  and  not  as  a  part  of  the  ballast. 

The  proportions  of  mixing  used  by  the  author,  namely,  with 
mortar  equal  to  33  and  40%  of  the  volume  of  the  broken  stone,  would 
seem  likely  to  result  in  the  production  of  concrete  with  a  large  pro- 
portion  of  voids.  The  speaker  has  never  had  occasion  to  use  a  broken 
stone  which  would  yield  a  concrete  entirely  free  from  voids  when 
used  with  as  little  as  40%  of  its  volume  of  mortar,  and  he  would 
expect  with  as  low  as  33%  that  the  voids  would  be  large  and  con- 
spicuous. That  this  was  the  case  in  the  author's  experiments  is 
suggested  by  the  fact  that  the  percentage  of  shrinkage  on  ramming, 
given  in  Table  No.  3,  is  substantially  the  same  for  33%   of   mortar 
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Mr.  Hazen.  and  for  40%  of  mortar.  If  the  33%  of  mortar  had  filled  the  voids 
there  would  have  been  an  excess  of  mortar  when  40%"  was  used,  and 
the  shrinkage  by  ramming  would  have  been  less.  As  the  shrinkage 
was  as  much  with  40%  of  mortar  as  it  was  with  33%",  it  seems  almost 
certain  that  with  the  smaller  quantity  the  voids  were  not  entirely 
filled;  and  in  view  of  general  experience,  the  speaker  would  be  inclined 
to  question  whether  even  the  40%  was  adequate  to  fill  all  the  voids. 

There  are  three  possible  conditions  for  the  amount  of  mortar  in 
concrete.  First,  the  mortar  may  be  insufficient  to  fill  the  voids 
between  the  stones;  second,  it  may  just  fill  them;  or,  third,  there  may 
be  an  excess  of  mortar.  In  the  first  condition,  with  the  voids  not 
entirely  filled  with  mortar,  the  stones  will  come  to  a  direct  bearing 
upon  each  other,  and  if  there  is  sufficient  mortar  to  prevent  them 
from  slipping  upon  each  other,  the  crushing  strength  of  the  concrete 
may  be  as  great  as  if  more  mortar  had  been  used;  and  for  certain  pur- 
poses such  concrete  is  entirely  satisfactory.  If  the  mortar  exactly  fills 
the  voids  the  strength  certainly  will  not  be  less,  and  for  many  pur- 
poses the  concrete  will  be  more  satisfactory.  Owing  to  the  impossi- 
bility of  securing  perfect  mixing,  it  is  practically  necessary  to  use 
more  than  enough  mortar  to  fill  the  voids,  in  order  to  make  certain 
that  the  voids  will  be  filled  at  every  point;  and  this  is  the  reason 
usually  given  for  the  use  of  more  mortar  than  the  equivalent  of  the 
voids,  but  it  is  also  possible  that  for  some  purposes  an  excess  of 
mortar  in  itself  is  desirable. 

The  use  of  a  sufficient  amount  of  cement  to  fill  the  voids  in  the 
sand  is  probably  desirable  for  some  purposes,  but  it  is  often  less 
necessary  than  the  filling  of  the  voids  in  the  gravel  with  mortar. 
Thus,  a  mortar  composed  of  one  part  of  Portland  cement  and  three 
parts  of  sand  is  very  strong  and  durable,  and  sufficient  for  many  pur- 
poses, although  it  can  hardly  be  considered  that  this  amount  of 
cement  will  entirely  fill  the  voids  in  the  sand.  The  remaining  voids, 
however,  are  so  small  that  the  mortar  is  nearly  impervious  to  water, 
and  concrete  made  from  it  takes  substantially  as  smooth  a  finish  as 
that  made  from  a  richer  mortar. 

It  should  be  remembered  also  that  it  is  not  possible  to  make  a  con- 
crete entirely  free  from  voids.  This  arises  from  the  fact  that  con- 
crete, to  be  handled  conveniently  and  satisfactorily,  requires  to  have  a 
certain  portion  of  water  in  it.  Some  of  this  water  combines  with  the 
cement  in  the  process  of  setting.  In  some  experiments  made  by  the 
speaker  the  proportion  of  water  combining  in  this  way  amounts  to 
about  8%  of  the  weight  of  the  cement,  or  to  about  1%  of  the  weight 
of  the  concrete.  This  quantity  of  water  is  entirely  inadequate  to  give 
the  concrete  the  proper  consistency  for  the  purpose  of  placing  and 
ramming.  In  some  experiments  made  by  the  speaker  the  proportion 
of  water  in  concrete  as  used  in  actual  work  amounted  3  or  4%  of  the 
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weight  of  the  concrete  as  placed,  in  addition  to  the  amount  required  Mr.  Hazen. 
for  combination  with  the  cement.  To  mix  the  concrete  much  dryer 
than  this  requires  a  great  deal  more  ramming,  which  is  apt  to  be 
neglected  under  other  than  very  severe  inspection,  and  it  is  impossible 
to  get  smooth,  finished  surfaces  with  concrete  that  is  too  dry.  The 
above-mentioned  percentage  of  water  amounts  to  8  or  10%  by  volume, 
exclusive  of  the  water  which  goes  into  combination  with  the  cement. 
After  the  concrete  has  set,  this  water  will  evaporate  in  the  course  of 
time,  if  it  has  an  opportunity,  and  the  resulting  concrete  will  have  a 
corresponding  volume  of  voids.  With  the  method  of  manufacture 
commonly  used  it  is  not  easy  to  see  how  these  voids  can  be  entirely 
avoided,  but  it  is  perfectly  practicable  to  have  all  the  voids  of  extremely 
small  size  and  in  the  mortar,  and  to  have  no  voids  visible  to  the  eye  and 
resulting  from  an  insufficiency  of  mortar  in  the  ballast.  Practically, 
the  best  concrete,  under  ordinary  conditions  of  mixing  and  ramming, 
and  with  gravel  or  broken  stone  having  a  specific  gravity  of  about  2. 65, 
will  rarely  weigh  more  than  150  lbs.  per  cubic  foot,  which  corresponds 
to  9%  of  voids.  Concrete  of  this  compactness,  however,  with  proper 
materials  and  well  set,  resists  very  well  the  action  of  the  weather,  and 
the  voids  are  not  usually  apparent  to  the  eye,  or  sufficient  to  allow 
water  to  percolate  through  them  to  an  important  extent. 

There  is  a  matter  in  connection  with  the  proportions  of  mixing  con- 
crete which  perhaps  gives  rise  to  even  more  perplexity  than  those 
mentioned  by  the  author,  namely,  the  measurement  of  the  volume  of 
the  cement.  The  volume  of  a  barrel  of  cement  may  be  taken  as  that 
of  a  barrel  when  full,  or  as  the  actual  volume  of  the  cement  in  the 
barrel  after  it  has  been  shaken  down  by  transportation  to  a  somewhat 
smaller  volume,  or  the  cement  may  be  turned  out  and  measured  in 
another  receptacle.  The  speaker  considers  that  the  ideal  condition  is 
to  mix  concrete  by  weight,  and  as  an  approach  to  this  condition  in  his 
own  practice  he  has  often  made  the  arbitrary  assumption  that  a  barrel 
of  cement  weighing  380  lbs.  net,  occupies  a  space  of  3.8  cu.  ft.,  making 
the  weight  of  cement  100  lbs.  per  cubic  foot.  The  weight  of  the  cement 
is  determined  or  checked,  no  attention  is  paid  to  its  actual  volume,  but 
for  the  purpose  of  computation  one  cubic  foot  is  assumed  for  each  100 
lbs.  of  cement.  The  average  weight  of  broken  stone  or  gravel  is  also 
approximately  100  lbs.  per  cubic  foot,  and  on  this  basis  the  volumes 
also  express  the  weights  of  these  materials.  The  sand  is  usually  lighter, 
but  after  the  actual  weight  per  cubic  foot  is  determined,  the  approxi- 
mate weight  can  be  determined  from  the  volume. 

In  computing  the  amounts  of  the  various  materials  required  to 
make  a  cubic  yard  of  concrete  the  following  procedure  has  been  used 
by  the  speaker  with  satisfactory  results.  The  weight  of  a  barrel  of 
cement  is  taken,  and  8%  is  added  for  water  of  combination.  To  this  is 
added  the  weight  of  sand  free  from  water  which  will  be  used  with  a 


492  DISCUSSION   ON   THE   THEOEY   OF   CONCKETE.         [Papers. 

Mr.  Hazen.  barrel  of  cement,  and  the  corresponding  weight  of  ballast.  An  esti- 
mate is  made  of  the  weight  per  cubic  foot  of  the  finished  concrete, 
which,  for  compact  work,  may  be  taken  at  150  lbs.  per  cubic  foot,  and 
for  concrete  with  more  ballast  in  proportion  to  sand,  at  a  lower  figure, 
which  can  be  determined  by  experiment  or  estimated  approximately 
from  the  apj^earance  of  the  finished  work.  The  ratio  of  the  sum  of 
the  weights  of  these  materials  to  the  assumed  or  determined  weight  of 
a  cubic  foot  of  finished  concrete  will  give  the  number  of  cubic  feet 
made  from  a  barrel  of  cement.  The  quantities  of  the  various  materials 
required  to  make  a  cubic  yard  of  concrete  can  then  be  readily  com- 
puted. Thus,  in  a  recent  case,  concrete  wras  mixed  in  the  proportions 
of  one  part  of  cement,  computed  as  above,  three  parts  of  sand  weighing 
90  lbs.  per  cubic  foot,  and  five  parts  of  broken  stone  and  gravel 
weighing  ICO  lbs.  per  cubic  foot.  The  concrete  when  dry  weighed 
about  147  lbs.  per  cubic  foot.  The  proportions  of  mixing  differed 
slightly  in  different  parts  of  the  work,  but  the  above  proportions  are 
about  the  average. 

The  computed  weight  of  concrete  made  from  a  barrel  of  cement  was 
as  follows: 

One  barrel  of  cement 380  lbs. 

Water  of  combination,  8% 30    " 

Sand,  11.4  (3.8  x  3)  cu.  ft.,  at  90  lbs.,  dry 1  026    " 

Gravel,  19  (3.8  x  5)  cu.  ft.,  at  100  lbs.,  dry 1  900    " 

Total  weight    of   concrete  made  from  1  barrel  of 

cement 3  336    ' ' 

Volume  produced,  3  336  -^  1.47  =  22.7  cu.  ft. 

Cement  required  for  1  cu.  yd. ,  27  -f-  22. 7  =  1. 19  barrels. 

From  the  records  of  the  work  15085  cu.  yds.  of  concrete  were  made 
from  18  584  barrels  of  cement,  or  1.23  barrels  of  cement  per  cubic 
yard,  no  deduction  being  made  for  ordinary  waste,  nor  for  concrete 
outside  of  contract  lines. 

This  concrete  contains  very  few  voids  visible  to  the  eye,  when 
broken  or  as  exposed  where  it  has  been  placed  against  forms.  All  top 
surfaces  were  troweled  smooth  before  setting  and  the  proportions 
were  such  as  to  allow7  this  to  be  satisfactorily  done.  The  proportion 
of  sand  and  gravel  necessary  to  secure  this  result  wras  determined  by 
experiment,  and  was  the  lowest  which  could  be  satisfactorily  used. 
With  the  volume  of  sand  equal  to  half  of  that  of  the  ballast,  there 
were  too  many  voids  exposed  when  the  forms  were  taken  down,  and 
there  was  difficulty  in  making  the  top  surfaces  smooth  by  troweling. 
It  was  thus  necessary  to  use  a  volume  of  sand  equal  to  60%"  of  the 
volume  of  the  ballast,  but  for  other  purposes  a  wider  mixture  would  be 
satisfactory  and  cheaper. 
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B.  M.  Hakrod,  Past-President,  Am.  Soc.  C.  E.  (by  letter). — This  Mr.  Harrod. 
paper  is  very  practical  and  useful.  The  tables  give  exact  information 
concerning  the  losses  in  bulk  of  the  several  ingredients,  when  made 
into  concrete,  with  which  those  who  have  used  that  material  have 
been  familiar  in  a  general  way.  Five  units  of  cement  give  about  four 
units  of  mortar.  This  is  all  absorbed  in  the  voids  of  the  stone,  which 
also  loses  about  10^  of  its  bulk  by  the  readjustment  of  its  particles 
under  the  rammer. 

In  the  writer's  note-book  there  is  a  very  old  niernoranduni,  to  the 
following  effect: 

"The  theory  of  concrete-making  is  to  take  a  barrel  of  shells,  and 
pour  in  as  much  water  as  the  interstices  will  admit.  Then  put  in  a 
quantity  of  mortar  equal  to  the  bulk  of  water  admitted.  If  you  make 
any  deviation  from  this,  it  will  be  by  increasing  the  mortar." 

The  authority  for  this  formula  is  the  late  General  Joseph  G.  Totten, 
Chief  of  Engineers,  U.  S.  A.,  Hon.  M.  Am.  Soc.  C.  E. 

Adopting  this  theory,  good  results  can  always  be  assured,  when- 
ever there  is  any  doubt  concerning  the  proportion  of  voids  in  the  stone, 
as  there  often  is,  by  specifying  a  test,  with  a  tight  box,  containing 
about  half  a  cubic  yard.  When  this  is  filled  with  loose  stone,  suf- 
ficient water  should  be  poured  in  to  fill  the  voids.  After  the  stone  and 
the  sides  of  the  box  are  saturated  and  the  water  is  withdrawn,  a 
second  charge  of  water  should  be  poured  in  and  carefully  measured. 
The  mass  of  mortar  used  should  exceed  that  of  the  water  by  5  or  10 
per  cent. 

The  shells  alluded  to  in  General  Totten's  formula  are  largely  used 
in  New  Orleans  in  the  place  of  broken  stone  on  account  of  their  fitness 
and  cheapness.  They  cost  from  $1  to  $1.25  per  cubic  yard,  which  is 
about  half  the  cost  of  good  broken  stone  or  clean  gravel.  They  are 
the  shells  of  a  small  clam  (gnathodon  cuneatus)  about  the  size  of  a  half 
dollar.  They  are  found  in  banks,  washed  up  along  the  shores  of 
the  brackish  bayous  and  lakes  in  the  vicinity  of  New  Orleans,  and  also 
in  kitchen  middens,  in  such  quantities  that  they  are  dredged  up  free 
from  any  impurity  except  a  little  sand.  They  have  been  largely  used 
for  roads  for  many  years,  and  the  end  of  the  supply  is  not  in  sight. 
They  make  a  solid  concrete,  as  the  thickness  and  material  of  the  shell 
give  it  ample  strength,  and  its  concavity  forms  a  good  bond.  They 
require  a  little  more  mortar  than  broken  stone,  and  the  mixing  must 
be  very  thoroughly  done.  The  weight  of  shell  concrete  is  137.8  lbs. 
per  cubic  foot,  which  is  less  than  that  of  concrete  made  with  broken 
stone.     This  fact,  in  some  cases,  is  of  importance. 

William  M.  Hall,  M.  Am.  Soc.  0.  E.  (by  letter).— The  writer  readily  Mr.  Hall. 
admits  that  the  new  nomenclature  which  Mr.  Rafter  suggests  is  very 
good,  but  can  see  no  reason  why  the  old  nomenclature  should  obscure 
from  those  who  are  looking  for  it  the  true  theory  of  concrete  mixtures. 

Referring  to  the  amount  of  mortar  required  for  mixing  with   the 
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Mr.  Hall,  aggregate,  the  author  well  says,  "there  being,  indeed,  very  little  neces- 
sary except  to  insure  the  filling  of  the  voids  in  the  aggregate  material 
with  mortar."  It  appears  well,  also,  to  emphasize  the  fact  that  the 
same  statement  is  true  in  reference  to  filling  the  voids  in  the  sand  with 
cement;  also,  in  reference  to  the  volume  of  the  voids  in  ordinary  sands 
and  aggregates;  and,  also,  that  where  the  sand,  cement  and  aggregate 
are  accurately  proportioned,  with  reference  to  voids,  unless  they  are 
thoroughly  mixed,  the  concrete  may  be,  in  places,  almost  worthless. 

In  lock  and  dam  construction  in  Kentucky,  the  writer  found  voids 
in  sand  and  aggregate  as  follows: 

The  average  voids  in  sand  was  31%  of  the  volume. 

The  sand  was  clean  and  sharp,  and  the  size  of  grains  as  follows: 

Held  by  No.  20  sieve,  11  per  cent. 

Passed      "20      "      and  held  by  No.  30,  14  per  cent. 
"    30      "  "  "     50,  53     '   " 

"  "50      "      22  per  cent. 

The  voids  in  crushed  stone  and  in  gravel  and  mixtures  of  the  two 
were  as  follows: 

100%  of  crushed  2^-in.  stone;  voids,  48%  of  volume. 

"       20%  li-in.  gravel,  voids  44% 

"      30%  li  "         "  "      41% 

"      40%  li"         "  "      38|% 

"       50%  li  "         "  "      36% 

100%  li  "         "  "      35% 

The  above  results  are  the  averages  of  a  number  of  tests  made  from 
several  different  barges  of  material.  However,  the  volume  of  voids  in 
the  various  mixtures  ran  quite  uniform.  The  sand  and  gravel  were 
very  clean  Ohio  River  products,  taken  from  the  shoal  at  the  mouth  of 
Green  River,  Ky.  The  stone  was  crushed  Green  River  blue  limestone, 
and  in  texture  and  color  was  much  like  the  Hudson  River  trap.  The 
stone  passed  a  2i-in.  screen  and  also  a  fine  one  to  clean  it  of  dust.  The 
gravel  passed  a  1^-in.  screen  and  then  a  fine  one  to  remove  the  sand. 

In  sea-coast  fortification  construction  in  Massachusetts  during  the 
season  of  1898,  the  writer  found  the  volume  of  voids  in  sand  and 
aggregate  as  follows: 

The  average  of  voids  in  sand  was  Sl^j%  of  the  volume. 

The  voids  in  stone  and  gravel  and  mixtures  of  the  two  were  as 

follows: 

100%  of  crushed  2 J -in.  trap;  voids,  50%  of 

[volume. 

60%  "  2|  "      "      and     40%  li-in.  gravel,  voids  38J%  of 

[volume. 

50%  "  2±    '      "       "       50%  li"         "  "       36%    of 

[volume. 

100%  li  "         "  "       35%    of 

[volume. 
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2i 
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The  stone  was  Hudson  River  trap  with  the  dust  removed.   The  sand  Mr.  Hall, 
and  gravel  were  taken  from  Long  Island  Sound,  near  Willets  Point. 
The  gravel  was  clean,  but  the  sand  contained  about  8%  of  loam. 

By  the  foregoing,  the  writer  wishes  to  call  attention  to  the  saving 
which  may  be  effected  by  mixing  gravel  with  stone,  as  an  aggregate, 
instead  of  using  stone  alone.  He  has  failed  to  find  similar  records  in 
the  literature  on  the  subject;  but  as  the  voids  in  these  two  stones,  and 
the  corresponding  mixtures  with  gravel  are  so  nearly  uniform,  he 
thinks  that  nearly  the  same  results  will  be  found  with  other  hard  stones 
having  lines  of  fracture  similar  to  these. 

The  comparison  which  the  author  makes  between  the  concretes 
made  with  dry,  plastic  and  very  wet  mortars  are  especially  interesting. 
They  would  be  much  more  instructive,  however,  if  they  bad  included 
a  series  of  cubes  which  had  seasoned  for  three  or  four  years. 

The  conclusions  likely  to  be  drawn  from  these  tests  are,  that  dry 
concrete,  when  set  and  hardened,  is  stronger  than  wet.  It  is  well 
known  that  this  result  may  be  obtained  from  1-in.  mortar  briquettes  a 
few  months  old,  and  the  reverse  result  from  those  several  years  old. 
Moreover,  in  tamping  the  test  pieces,  it  may  be  assumed  that  all  kinds 
of  concrete  were  equally  well  tamped;  whereas,  in  actual  practice,  the 
obtaining  of  well-tamped  work  with  dry  concrete  is  much  more  diffi- 
cult than  with  plastic  or  wet  concrete.  In  actual  construction,  the 
writer  prefers  concrete  with  plastic  or  slightly  wet  mortar  to  that 
which  is  dry.  After  setting  has  commenced,  he  believes  it  is  advan- 
tageous to  apply  water  to  the  outside  surface,  or  to  the  interior  of  the 
concrete  mass  by  means  of  well-holes. 

Ika  O.  Baker,  M.  Am.  Soc.  C.  E.  (by  letter). — The  author  deserves  Mr.  Baker, 
credit  for  the  thorough  investigation  given  the  practical  problem  pre- 
sented, and  the  special  thanks  of  the  profession  for  the  full  and  careful 
presentation  of  the  data,   particularly  the  valuable    summaries    ami 
comparisons. 

The  writer  is  much  interested  in  the  effect  of  the  amount  of 
mortar  upon  the  strength  of  the  concrete.  Half  of  the  specimens 
tested  contained  mortar  equal  to  33%  of  the  broken  stone,  and  half  an 
amount  equal  to  40  per  cent.  Apparently,  the  broken  stone  contained 
43.3%  of  voids  before  tamping  and  37.4%  after  tamping,*  and  the 
mortar  was  measured  without  tamping.  Therefore, owing  to  the  decrease 
of  the  volume  of  the  mortar  in  ramming  the  concrete,  and  to  the  effect 
of  moisture  in  increasing  the  volume  of  the  sand,  it  is  probable  that 
the  40%  of  mortar  was  not  much,  if  any,  more  than  equal  to  the 
voids  in  the  broken  stone,  when  both  were  rammed.  Under  the  same 
assumption,  the  33%  of  mortar  was  equal  to  about  80%  of  the  voids  in 
the  broken  stone  after  the  concrete  had  been  tamped  into  place. 

*  Report  of  the  New  York  State  Engineer  and  Surveyor  for  the  year  ending  Sep- 
tember 30th,  1894. 
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Mr.  Baker.  Whether  or  not  the  4Q%  of  mortar  rilled  the  voids,  one  would 
naturally  expect  that  an  addition  of  25%  of  mortar  would  give,  at  least 
approximately,  25%  additional  strength.  The  results  of  the  experi- 
ments appear  not  to  support  this  conclusion. 

In   Table   No.    5   the  results   are   summarized   according   to     the 
plasticity  of  the  mortar,  from    which  it    appears  that  concrete  con- 

TABLE  No.  5. 


Plasticity  of  mortar. 

Amount  of  Mortar. 

Strength  of  the 
40%'  concrete 

33% 

40% 

in  terms  of  that  of 
the  33%. 

Dry 

2  408 
2  259 
2  133 

2  532 
2  329 

2  227 

105% 

103% 

Excess 

104% 

Mean 

2  267 

2  363 

104% 

taining  40.%'  of  mortar  is  only  4%  stronger  than  that  containing  33  per 
cent.  Apparently,  the  plasticity  of  the  mortar  makes  no  material 
difference  in  the  result. 

Summarizing  the  results  according  to  the  proportions  of  the  mortar 
gives  Table  No.  6,  from  which  it  appears  that  the  concrete  containing 
40%  of  mortar  is  only  3%  stronger  than  that  containing  33  per  cent. 


TABLE  No.  6. 


Proportions  of  the  mortar. 

Amount  of  Mortar. 

Strength  of  the 
40%  concrete 

33% 

40% 

in  terms  of  that  of 
the  33%. 

1  :2 

2  640 
1893 
1684 

2  820 
1  905 
1  689 

107% 

102% 

1  :  4 

100% 

2  072 

2  138 

103% 

The  mean  increase  in  strength,  from  Tables  Nos.  5  and  6  differs, 
owing  partly  to  omitted  decimals  and  partly  because  the  two  tables  do 
not  refer  to  exactly  the  same  experiments.  The  writer,  to  save  labor, 
used  the  summaries  in  the  original  paper  and  they  were  prepared  for  a 
different  purpose. 

The  most  interesting  deduction  from  Table  No.  6  is  that  the 
strength  of  the  concrete  increases  with  the  richness  of  the  mortar;  and 
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therefore  it  is  better  to  increase  the  proportion  of  the  cement  in  the  Mr.  Baker, 
mortar  than  to  increase  the  proportion   of  mortar  in  the   concrete. 
This  is  doubtless  due  to  the  greater  ease  with  which  the  richer  mortar- 
will  flow  into  the  voids  during  ramming. 

Summarizing  the  results  according  to  the  method  of  storage  gives 
Table  No.  7,  from  which  it  appears  that  the  method  of  storage  is 
unimportant.  Figured  in  this  way,  the  concrete  with  A0%  of  mortar 
is  2%  stronger  than  that  with  33%"  of  mortar. 

TABLE  No.  7. 


Method  of  storage  for  first 

Amount  of  Mortar. 

Strength  of  the 
40%  concrete 

four  months. 

33% 

40% 

in  terms  of  that  of 
the  33%. 

Under  water 

2  424 
1992 

1  932 

2  007 

2  448 
2  009 
1999 
2  096 

101% 

101% 

104V 

104V 

Mean 

2  089 

2  138 

102% 

Summarizing  the  results  according  to  the  kind  of  cement  used, 
Table  No.  8  is  obtained.      It  is  remarkable  that  the  excess  strength 


TABLE  No.  8. 


Brand  of  Portland  cement. 

Amount  of  Mortar. 

Strength  of  the 
40%  concrete 

33% 

40% 

in  terms  of  that  of 
the  33% . 

2  587 
2  425 
2  142 

1  970 

2  20(5 

2  344 
2  441 
2  295 

1  955 

2  244 

91V 

101V 

115% 

Empire 

107% 

91% 

Mean 

2  266 

2  256 

101% 

♦ 

for  the  concrete  containing  M)%  of  mortar,  differs  so  much  for  the  dif- 
ferent cements. 

It  is  hoped  that  the  author  will  explain  why  the  greater  percentage 
of  mortar  adds  so  little  to  the  strength  of  the  concrete,  and  also  why 
this  increase  varies  so  greatly  for  the  different  cements.  The  writer  is 
unable  to  get  any  light  on  these  questions  from  the  published  data. 
The  experiments  are  so  extensive  and  appear  to  have  been  conducted 
so  carefully,  that  it  does  not  seem  reasonable  to  assume  that  varia- 
tions therein  are  chargeable  with  the  above  remarkable  results. 
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Mr.  LeConte.  L.  J.  Le  Conte,  M.  Am.  Soc.  C.  E.  (by  letter). — The  author's  criti- 
cism on  the  present  practice  of  making  concrete  will  be  concurred  in 
by  every  engineer  who  has  given  the  matter  any  study.  It  is  a  hu- 
miliating spectacle  to  see  first-class  material,  manipulated  in  an  irra- 
tional and  wasteful  manner,  developing  results  which  cannot  be 
shown  to  possess  a  single  redeeming  feature. 

The  tabular  results  submitted  by  the  author  are  full  of  interest- 
ing matter,  and  bring  out  prominently  one  feature  of  consider- 
able practical  importance  which  is  not  fully  appreciated  by 
engineers.  The  crushing  strength  of  ordinary  cement  mortars 
diminishes  very  nearly  in  proportion  to  the  quantity  of  sand 
added  ;  whereas  the  author's  tables  show  conclusively  that,  in  the 
case  of  concrete,  this  general  law  is  materially  modified.  The 
same  general  law  of  diminution  of  strength  follows  until  the  theo- 
retic mortar,  3  to  1,  is  reached  ;  but  for  some  reason,  in  the  case  of 
all  the  lower  grades  of  concrete  blocks,  made  with  4  to  1,  5  to  1  and 
6  to  1  mortars,  the  corresponding  diminution  in  crushing  strength 
is  noticeable,  but  much  less  in  degree  than  would  naturally  be 
expected. 

Taken  as  a  class,  the  writer  thinks  the  lower  grade  concretes  are 
very  much  neglected  by  engineers.  In  most  cases  where  concrete  is 
used  the  unit-strength  of  the  concrete  is  not  called  into  play  at  all. 
Dead -weight  and  the  distribution  of  pressures  are  all  that  are 
required,  and  the  lower-grade  concretes  fulfill  these  conditions  com- 
pletely and  economically. 

It  is  to  be  regretted  that  the  author  did  not  state  clearly  the  age  of 
the  concrete  tested,  the  footnote  leading  one  to  suppose  that  the 
blocks  were  about  12  months  old. 

As  to  the  relative  merits  of  dry,  plastic  and  excess  mortars,  the 
writer  thinks  there  is  much  more  danger  to  be  expected  from  the  lack 
of  water  than  from  an  excess. 
Mr.  VonSchon.  ^r"  H.  Von  Schon  (by  letter).  —  During  the  spring  and  summer  of 
1898  investigations  of  concrete  were  carried  on  under  the  writer's 
direction  at  Sault  Ste.  Marie,  Mich.,  for  the  purpose  of  establishing 
the  most  satisfactory  and  economic  constituents  and  mixtures  of  con- 
crete to  be  used  in  the  substructure  of  a  hydraulic  power  house.  The 
structure  in  question,  being  partly  subaqueous,  must  needs  be  of 
masonry,  and  as  the  only  available  native  material,  Potsdam  sandstone, 
was  considered  of  insufficient  homogeneity,  concrete  was  selected. 
The  character  of  the  construction  called  for  materials  of  great  density 
and  strength,  and  the  climatic  condition  for  resistance  to  low  tempera- 
ture, while  the  extent  of  the  work,  requiring  about  50  000  cu.  yds.  of 
concrete,  suggested  a  diligent  search  for  the  most  economical  mixture 
which  would  secure  the  desired  result.  It  was  therefore  to  determine 
the  kind  of  cement  and  aggregate,  and  the  ratio  of  mixtures  which, 
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together,  would  yield  the  proper  material  for  the  purpose  in  hand,  that  Mr.  Von  Schon. 
these  tests  were  entered  upon. 

The  general  programme  as  outlined  for  these  tests  was: 

First. — To  operate  practically,  that  is,  to  avoid  the  introduction  of 
refinements  which  could  not  be  followed  in  actual  construction. 

Second. — To  establish  the  characteristics  of  all  materials  used, 
namely,  the  analysis  and  normals  of  the  cements;  the  weight,  voids, 
arid  fineness  of  the  sand;  and  the  weight,  voids,  sizes  and  absorption  of 
materials  to  be  used  as  aggregates. 

Third. — To  make  two  concrete  bars  from  each  of  the  following  com- 
binations: Four  different  kinds  of  cement,  four  different  materials  for 
aggregates  and  four  different  ratios  of  mixtures. 

Fourth. — To  test  each  bar  to  the  breaking  point,  when  60  days  old, 
by  applying  a  load  at  the  center. 

All  the  manipulations  were  entrusted  to  two  men  who  had  had  the 
advantage  of  several  years'  training  in  the  United  States  cement  testing 
laboratory  at  this  point,  under  L.  C.  Sab  in,  Assoc.  M.  Am.  Soc.  C.  E., 
U.  S.  Assistant  Engineer,  and  Mr.  W.  W.  Dann,  Assistant  Engineer, 
who  bad  direct  supervision  and  kept  the  records.  A  building  was  con- 
veniently arranged  with  material  bins,  testing  and  mixing  rooms. 
Storage  for  the  manufactured  bars  was  provided  for  outside  the  build- 
ing. 

TABLE  No.  9. —Characteristics  of  Cements. 


Class  E. 

Class  R. 

Class  F. 

Class  N. 

Silica 

23.08 
5.69 
5.35 

62.38 
1.21 
1.66 
0.60 

21.70 
8.76 
1.27 

63.55 
2.96 
1.12 
0.50 

27.48 

14.42 

53.39 

3.18 

4!J$6 

23.16 

6  33 

1.71 

Analysis.  - 

■M\.  OH 

20.38 

5.26 

l  Carbonic  acid,  etc 

7.07 

Weight  pe 
Fineness  \ 

Initial  set. 
Hard  set. 

103.08 

91.4 

73.05 
1  h.  35  m. 
3  h.  10  m. 

98.45 

90 

71 
2  h.  25  m. 
4  h.  40  m. 

77.7H 
99.00 
95.00 

1  h.  35  m. 

2  h.  30  m. 

62.78 

assing  No.  100  sieve,  per  cent. 
No.  200      " 

Oh.  30  in. 

1  h.  00  m. 

Tensile  str 
7  days 
28  days 

ength  1-3 

Lbs. 

235 

340 

Lbs. 

243 

322 

Lbs. 

17(1 
243 

Lbs. 
32 

67 

Four  different  kinds  of  cement,  representing  the  chief  raw 
materials  from  which  American  cements  are  manufactured  (calcareous 
rock,  calcareous  earth,  natural  cement  rock  and  furnace  slag),  and 
each  of  them  a  cement  of  high  standing  among  its  class,  were  used  in 
these  tests.     The  sand  was  procured  from  the  bed  of  St.  Mary's  River, 
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Mr.  VonSchon.  TABLE   No.    10. — CHARACTERISTICS   OF   SAND   AND   AGGREGATES. 


Sand. 

Sand- 
stone. 

Boulder 
stone. 

Gravel. 

Furnace 
slag. 

Size- 
Retained  on  1-in.  ring,  per  cent 

"           "  JKn.  ring,        " 
•'           "  No.    4  sieve,  per  cent. 
"     "   10    " 
"      "    20    " 

"      "    40    " 
Passing             "   40    "               " 

4.17 
12.52 
44.44 

38.87 

100.00 
100.00 

100.00 
100.00 

100.00 

10.70 

23.65 

8.70 

17.14 

21.76 

6.49 

5.96 

5.59 

1.10 
2.86 
45.62 
36.92 
8.26 
3.24 
2.00 

Weight  per  cubic  foot  dry.  pounds 

96.45 

79.32 

84.00 

107.36 

126.23 

Weight  per  cubic  foot  wet,  pounds 

113.46 

82.62 

86.70 

41.7 

45.3 

48.7 

34.08 

43.8 

TABLE  No.  11. — Belattve  Volumes  of  Constituents  in  One  Cubic 
Foot  of  Concrete. 

Using  Sand  Stone  for  Aggregate. 


Mixture  A . 

B. 

C. 

D. 

E. 

CB 

ai 

^ 

6 

CO 

^ 

<B 

Materials. 

93 

nS 

<u 

^d 

0) 

oS 

a> 

nS 

a> 

"H 

—  3 

ce 

'2  3 

in 

•-  3 

CD 

"2  ~ 

CO 

■«  3 

o 

■a 

a 

3 

o 

T3 

ce  c 

o 

a 

3 

V 

T3 

a 

3 

cS  o 

v 

■a 

a 

3 

cS  O 

^ 

K> 

J= 

2 

K> 

& 

tf  > 

s 

(4> 

|fi 

tf  > 

3 

o 

O 

3 

o 

=1 

o 

o 

u 

Ph 

O 

U 

Pm 

o 

O 

Ph 

o 

u 

PL, 

0 

O 

Pi 

o 

Cement- 

Class  E 

0  19 

19,5 

1.00 

0.21 

21.5 

1.00 

0.23 

23  7 

1 .00 

0.25 

25.9 

l.ooo.: 

19.5 

1.0 

"      R 

0.19 
0.19 
0.19 

18.C 

14.7 
11.9 

1.00 

1.00 
1.00 

0.21 
0.21 
0.21 

2U.I1 
15.9 
13.1 

1.00 
1.00 
1.00 

0.23  22.6 

1.00 
1.01) 
1.00 

0.25 
0.25 
0.25 

24.7 
19.5 
15.7 

1.00 
1.00 
1.00 

0.19 
0.19 
0.19 
0.06 
0.00 
0.19 
1.00 

18.6 
14.7 
11.9 
3.8 
58.2 
12.0 
82.6 

1  0 

F 

0.23 
0.23 

17.8 
14.3 

1.0 

N 

1.0 

0,3 

0.45 
0.11 
1.0 

43.7 

7.0 

82.6 

2.4 

0.6 
5.3 

0.50 
0.13 
1.0 

48.3 

8.0 

82.0 

2.4 
0.6 
4.8 

0.55 
0.14 
1.00 

53.4 

9.0 

82.6 

2.4 
0.6 
4.4 

0.60 
0.16 
1.00 

58.2 
10.0 
82.6 

2.4 
0.6 
4.0 

3  1 

1.0 

Sandstone  (S.  S.).... 

5.3 

Cement — 

Class   E 

R 

"       F 

"       N. 

Sand 

Water 

Lime 


Using  Boulder  Stone  for  Aggregate. 


0.20 
0.20 
0.20 
0.20 
0.49 
0.13 


21.0J1 .00  0.22  23.0fl  .00  0.24.25.3 
20.0  1.00  0.22  22.1;  1.00  0.24  24.1 
15.7  1.00  0.22  17.4  1.00  0.24  19.0 
12.7  1.00  0.22  14.0  1.00  0.24  15.4 
47.0  2.450.54  52.0  2.45  0.59  56.6 


2(1  27.4 
2(126.1 
26  20.6 
26  16.7 


.00:0.20 
.000.20 
.00]0.20 
.00  0.20 
.46  0.64 
65  0.20 
0.06 
Boulder  Stone  (B.  S.).  1.0   86.75.0  ll.O   80.74.35J1.0  |86.7J4.16  1 .0  |86.7:3.85Jl  .0 


1.00  0 
1.00  0 
1.00  0 
1.000, 
2.45  0, 


64  61.4: 
8.0  0.65,0.14    9.0  0.65  0.15  10.0  0.65  0.16,10.6,0. 


21.0 
20.0 
15.7 
12.7 
61.4 
12.5 
3.8 
86.7 


1.0 
1.0 
1.0 
1.0 
3.0 
1.3 
0.2 
5.0 


Lime  weighs  63.75  lbs.  per  cubic  foot. 
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and   is   known    as   Point   aux   Pins   sand.      The   materials   used   for  Mr.  Von  Schon. 
aggregates  were  of  the  native  Potsdam  sandstone,  granitic  boulder 
stone,  gravel  and  furnace  slag  (see  Tables  Nos.  9  and  10). 

The  ratios  used  were:  For  the  "A"  mixture,  such  proportions  as 
would  just  fill  the  voids,  and  for  "  Z?,"  "  0"  and  "  J>"  mixtures  of 
a  respective  addition  of  5,  10  and  15,%  of  mortar  to  the  "  A  "  mixture. 
A  few  bars  were  made  of  mixture  "  E"  having  the  ratio  of  "_D" 
mixture,  but  substituting  lime  for  the  cement  in  the  excess  mortar 
quantity.  Table  No.  11  gives  the  quantities  and  ratios  of  materials  for 
each  of  the  above  mixtures,  yielding  theoretically  1  cu.  ft.  of  concrete. 

Knock-down  forms  were  constructed  of  thoroughly  seasoned  timber 
lined  with  tin,  the  inside  dimensions  being  precisely  6  ins.  square  and 
about  24  ins.  long.  The  mixing  was  done  in  batches  of  1  cu.  ft.  of 
concrete  from  which  two  forms  were  filled.  The  operations  were  the 
customary  ones,  namely,  spreading  dry  sand  on  clean  platforms, 
adding  the  cement,  mixing  the  sand  and  cement  dry,  adding  water, 
mixing  the  mortar,  spreading  the  wet  aggregate  on  a  second  platform, 
adding  mortar  to  the  aggregate,  mixing  the  concrete,  filling  the 
concrete  in  the  form  in  6-in.  layers  and  ramming. 

The  mixing  tools  used  were  spades  and  hoes.  Water  was  used 
from  the  city  supply  at  its  natural  temperature,  about  50°  Fahr. ;  the 
quantity  was  determined  by  the  condition  of  the  mortar  which  was 
kept  just  plastic,  without  any  water  standing  on  or  running  from  it. 
The  rammers  used  for  tamping  were  of  oak,  weighing  about  8  lbs. 
The  weight  of  all  materials  used,  of  the  forms  before  filling  and  of 
the  excess  material  after  filling,  was  taken  accurately  and  recorded. 
All  bars  were  made  during  April  and  May,  1898,  and  broken  at  an  age 
of  60  days,  during  June  and  July,  1898. 

After  filling  the  forms,  the  end  of  each  bar  was  marked  by  its 
serial  number,  weighed  and  left  undisturbed  for  from  2  to  8  days, 
when  the  form  was  removed  and  the  bar  placed  in  storage.  At  the 
age  of  60  days  each  bar  was  weighed  and  then  broken.  Tbe  breaking 
apparatus  consisted  of  two  rigid  timber  frames  18  ins.  apart,  and  of  a 
scale  platform  suspended  from  a  steel  beam  of  triangular  shape.  The 
bar  was  adjusted  on  the  frame,  the  scale  beam  with  knife-edge  on  the 
center  of  the  bar,  and  the  platform  was  loaded  with  weights,  and 
finally  by  pouring  sand,  until  the  bar  broke,  when  all  weights  were 
taken  and  recorded.  The  fractures  of  the  broken  bars  were  examined, 
and  those  of  exceptional  appearance  were  photographed. 

Some  of  the  broken  bars  were  kept  for  a  year,  during  which  time 
they  were  exposed  to  the  prevailing  weather  of  the  summer  and  winter 
season,  the  latter  being  especially  severe  and  long.  They  were  then 
re-examined,  weighed,  placed  in  water  of  natural  temperature  and 
weighed  daily  until  no  additional  absorption  was  observable  (see 
Table  No.  13.) 
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Mr.  VonSchon.  TABLE   No.  12. — HlSTOEY   OF   FABRICATED   BARS   AND  BREAKING   TESTS. 


Fabricating  Data. 

Test  Data. 

as 

a 

6 

■♦5 

a! 

to 

Zi 

u 
be 

SB 

Days  in 

Weight 

*w 

0) 

s 

Weight 
of  bar. 

of  bar 
before 

Breaking 
weight. 

Character  of 

o 

break. 

6 

O 

u 

Form. 

Air. 

breaking. 

1 

3 

3 

4 

5 

6 

7 

8 

9 

10 

1. 

E 

S.  S. 

A 

73.5 

2 

58 

71.0 

1422.5 

Clean  and  sharp. 

2.. 

E 

s.  s. 

A 

73.5 

2 

58 

71.0 

1380.75 

u                          n 

9.. 

E 

s,s. 

B 

73.5 

5 

55 

71.5 

1798.75 

"                          " 

10. 

E 

s.  s. 

B 

76.0 

5 

55 

72.0 

1671.0 

"                         "     . 

17.. 

E 

s.  s. 

C 

75.0 

3 

57 

72.25 

2302.25 

u                          u 

18.. 

E 

s.  s. 

C 

75.25 

3 

57 

72.5 

2179.00 

"                          " 

25.. 

E 

s.  s. 

D 

77.75 

5 

55 

75.25 

2634.25 

"                         " 

26.. 

E 

s.  s. 

D 

78.5:5 

5 

55 

75.75 

2567.75 

"                         " 

33. 

E 

s.  s. 

E 

73.25 

6 

54 

69.25 

862.00 

"                          " 

34.. 

E 

s.  s 

E 

73.25 

6 

54 

69.75 

777.25 

"                          " 

3.. 

R 

s.  s. 

A 

76.25 

2 

58 

72.5 

1444.25 

"                          " 

4.. 

R 

s.  s. 

A 

72.25 

2 

58 

69.5 

1264.00 

"                          " 

11.. 

R 

s.  s. 

B 

75.5 

5 

55 

73.5 

1461.00 

"                         " 

12.. 

R 

s.  s. 

B 

75.0 

5 

55 

73.0 

1339.75 

'■                          " 

19.. 

R 

s.  s. 

C 

76.75 

5 

55 

74.5 

2130.00 

'•                          '• 

20.. 

R 

s.  s. 

C 

76.5 

5 

55 

74.5 

2064.5 

"                          " 

27.. 

R 

s.  s. 

D 

75.5 

5 

55 

72.5 

2307.00 

"                          " 

28.. 

R 

s.  s. 

D 

77.75 

5 

55 

75.0 

2627.75 

"                          " 

35.. 

R 

s.  s. 

E 

72.5 

6 

54 

69.0 

1558.5 

"                          " 

36.. 

R 

s.  s. 

E 

74.5 

6 

54 

71.0 

1357.0 

"                          " 

5.. 

F 

s.  s. 

A 

72.25 

5 

55 

69.75 

821.75 

Rough  and  crumbly 

6.. 

F 

s.  s. 

A 

74.5 

5 

55 

71.5 

511.5 

"                " 

13.. 

F 

s.  s. 

B 

75.25 

3 

57 

72.5 

903.75 

Clean. 

14.. 

F 

s.  s. 

B 

75.00 

3 

57 

72.25 

933.5 

« 

21.. 

F 

s.  s. 

C 

73.00 

5 

£5 

71.00 

1153.00 

Clean  but  green. 

22.. 

F 

s  s. 

C 

76.75 

5 

55 

74.75 

1373.00 

"                '* 

29.. 

F 

s.  s. 

D 

77.00 

6 

54 

74.5 

962.25 

"                " 

30.. 

F 

s.  s. 

D 

77.00 

I! 

54 

74.5 

919.75 

"                " 

37.. 

F 

s.  s. 

E 

73.25 

6 

54 

71.0 

1013.25 

"                " 

38.. 

F 

s.  s. 

E 

75.25 

6 

54 

73.0 

1034.50 

"                " 

7.. 

N 

s.  s. 

A 

67.0 

5 

55 

Broke  in 

handling 

8.. 

N 

s.  s. 

A 

69.75 

5 

55 

•' 

" 

15.. 

N 

s.  s. 

B 

73.75 

8 

52 

69.0 

285.5 

Crumbled. 

16.. 

N 

s.  s. 

B 

73.75 

8 

52 

70.25 

305.75 

" 

23.. 

N 

s.  s. 

C 

73.5 

5 

55 

69.0 

284.75 

" 

24.. 

N 

s.  s. 

C 

73.5 

5 

55 

69.0 

229.50 

" 

31.. 

TV 

s.  s. 

D 

73.75 

6 

54 

69.0 

351.25 

" 

32.. 

N 

s.  s. 

D 

74.00 

6 

54 

69.75 

281.00 

" 

39.. 

N 

s.  s. 

E 

74.00 

10 

50 

69.00 

267.00 

" 

40.. 

N 

s.  s. 

E 

72.75 

10 

50 

67.5 

246.5 

" 

41.. 

E 

B.  S. 

A 

79.25 

4 

56 

77.25 

2386.00 

Clean  and  sharp. 

42.. 

E 

B.S. 

A 

79.00 

4 

56 

77.25 

2829.75 

"                 " 

49.. 

E 

B.S. 

B 

77.25 

22 

38 

75.5 

2391.5 

"                 " 

50.. 

E 

B.S. 

B 

80.25 

22 

38 

78.75 

2861.00 

"                 " 

57.. 

E 

B.S. 

C 

80.25 

18 

42 

78.75 

2849.25 

"                 •' 

58.. 

E 

B.S. 

C 

80.25 

18 

42 

78.5 

3120.75 

'•                 " 

65.. 

E 

B.S. 

D 

81.75 

5 

55 

80.0 

3361.75 

"                 " 

66.. 

E 

B.S. 

D 

79.75 

5 

55 

77.75 

3200.5 

"                 " 

73.. 

E 

B.S. 

E 

78.00 

2 

58 

75.5 

2480.0 

"                 " 

74.. 

E 

B.S. 

E 

78.00 

2 

58 

75.25 

2800.75 

"                 " 

43.. 

R 

B.S. 

A 

79.75 

4 

56 

77.5 

3119.00 

"                 " 

44.. 

R 

B.S. 

A 

79.75 

4 

56 

77.5 

2436.00 

n                 i. 

51.. 

R 

B.S 

B 

81.25 

22 

38 

79.5 

3121 .75 

"                 " 

52.. 

R 

B.  S. 

B 

79.5 

22 

38 

77.5 

3386.75 

"                 " 

59.. 

R 

B.S. 

C 

80.0 

18 

42 

78.75 

2988.00 

"                 " 

60.. 

R 

B.S. 

c 

80.0 

18 

42 

78.50 

3282.50 

"                 " 

67.. 

R 

B.S. 

D 

80.0 

5 

55 

77.75 

3289.50 

"                 " 

68.. 

R 

B.S. 

D 

80.5 

5 

55 

78.25 

3004.25 

"                 •' 

75.. 

R 

B.S. 

E 

78.25 

2 

58 

74.00 

2499.25 

"                 " 

76.. 

R 

B.S. 

E 

79.25 

2 

58 

76.50 

2653.00 
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1 

a 

3 

4 

5 

O 

7 

8 

9 

10 

45 

F 

B.S. 

A 

80.00 

4 

56 

77.5 

1183.25 

Clean  but  green. 

46 

F 

B.S. 

A 

73.00 

4 

56 

70.75 

901.00 

53 

F 

B.S. 

B 

81.00 

18 

42 

79.25 

1266.75 

54 

F 

B.S. 

B 

79.75 

18 

42 

78.00 

1490.25 

61 

F 

B  S. 

C 

80.25 

6 

54 

78.5 

1163.75 

62 

F 

B.S. 

C 

78.50 

6 

54 

77.0 

1456.50 

69 

F 

B.S. 

D 

77.75 

5 

55 

75.5 

1078.00 

70 

F 

B.S. 

D 

79.50 

5 

55 

77.25 

978.5 

7? 

F 

B.S. 

E 

78.00 

4 

56 

75.75 

956.25 

78 

F 

B.S. 

E 

78.25 

4 

56 

75.75 

935.25 

47 

N 

B.S. 

A 

75.75 

22 

38 

71.5 

364.25 

Crumbled. 

48 

N 

B.S. 

A 

79.75 

22 

38 

75.25 

414.5 

' 

55 

N 

B.S. 

B 

77.25 

18 

42 

72.25 

267.0 

' 

56 

N 

B.S. 

B 

77.00 

18 

42 

70.5 

560.0 

63 

N 

B.S 

C 

77.75 

9 

51 

72.75 

596.0 

' 

64 

N 

B.S. 

C 

77.25 

9 

51 

72.25 

422.5 

' 

71 

N 

B.S. 

D 

75.0 

8 

52 

71.0 

203.0 

' 

72 

N 

B.S. 

D 

77.0 

8 

52 

72.0 

318.75 

79 

N 

B.S. 

E 

77.25 

4 

56 

73.5 

486.0 

' 

80.. 

N 

B.S. 

E 

77.75 

4 

56 

73.0 

419.5 

Note.— An  excess  of  variable  quantity  remained  over  after  the  making  of  each  pair 
of  bars. 


TABLE  No.  13. — Absokption  Tests. 


No.  of  bar. 

Age,  in  days. 

Weight  of  bar. 

Condition 

before 
absorption. 

Weight,  in  Pounds  after 
being  Submerged. 

lday. 

2  days. 

1 

381 
381 
381 
379 
376 
376 
370 
346 
346 
346 
342 
342 
325 
320 

71 

50 
73 
39 

74 

72 

69 

77 

75.5 

79.5 

78.5 

78.5 

72 

77.5 

hard. 

crumbling, 
hard. 

74.0 
51.5 
75.5 
40.0 
76.0 
73.5 
72.5 
78.5 
76.5 
81.0 
79.5 
79.5 
75.0 
78.5 

74.0 

9... 

51.5 

11 

75.5 

17 

40.0 

19 

76.0 

27 

73.5 

35 

72.5 

41 

78.5 

49.... 

76.5 

51 

81.0 

57 

79.5 

59 

79.5 

63 

75.0 

67 

7S  5 

Note.— The  temperature  of  the  water  in  which  bars  were  submerged  was  that  of 
the  water  in  St.  Mary's  River,  about  50°  Fahr. 


The  results,  as  observed  from  these  tests  are  summarized  in  Table 
No.  14  and  Fig.  1,  from  which  deductions  can  be  drawn  by  those 
interested  in  investigations  of  the  theory  of  concrete. 
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Mr.  Von  Schon.  TABLE  No.  14. — Tabulated  Kesults. 


Kind 

of  Concrete. 

43 

c 

c  ft  o 

Kind 

of  Concrete. 

a 

o  c  e 

s  ®  a 

ft  ft© 

Cement. 

Aggre- 
gate. 

Mixture. 

O 

Cement. 

Aggre- 
gate. 

Mixture. 

O 

E 

S.  S. 
S.  S. 
S.  S. 

s.  s. 
s.  s. 

A 
B 
C 
D 

E 

9.91 
12.23 
15.75 
18.26 

5.87 

9.6 
7.0 

6.0 

E. 

B.  S. 
B.  S. 
B.  S. 
B.  S. 
B.  S. 

A 
B 
C 
D 
E 

18.16 
18.44 
20.93 
'   22.64 
18.52 

4  8 

E 

E. 

3.2 

E 

E. 

3.2 

E 

E. 

E 

E. 

R 

s.  s. 

A 

9.59 

R 

B.  S. 

A 

19.49 

R 

s.  s. 

B 

9.91 

8.0 

R 

B.  S. 

B 

20.80 

4.8 

R 

s.  s. 

C 

14.7(1 

6.4 

R 

B.  S. 

C 

21.98 

3.2 

s.  s. 

D 

17.32 

4.8 

R 

B.  S. 

D 

22.05 

3  2 

R 

s.  s. 

E 

10.31 

11.2 

R 

B.  S. 

E 

18.09 

F 

s.  s. 

A 

4.12 

F 

B.  S. 

A 

8.12 

F 

s.  s. 

B 

6.57 

F 

B.  S. 

B 

9.78 

F 

s.  s. 

C 

8.96 

F 

B.  S. 

C 

9.30 

F 

s.  s. 

D 

6.79 

F 

B.  S. 

D 

8.03 

s.  s. 

E 

7.29 

F 

B.  S. 

E 

6.84 

N 

s.  s. 

A 

0.00 

A" 

B.  S. 

A 

2.89 

N 

s.  s. 

B 

2.23 

N 

B.  S. 

B 

3.05 

N 

s.  s. 

C 

1.87 

N 

B.  S. 

C 

3.72 

9.6 

N 

s.  s. 

D 

2.37 

X 

B.  S. 

D 

2.00 

N 

s.  s. 

E 

1.96 

N 

B.  S. 

E 

3.33 

Note. — Constant  "  C"  = 


Span  in  feet  X  Load  in  pounds. 
"Width  in  inches  X  Depth  in  inches2. 


Constant  "C" 

Cost  of  Material 
per  cubic  yard 
of  Concrete 

SS.  93.32 
BS.  $3.SA 


SS.  *3.iS 
BS.  93.67 


Fig.  1. 


HISTORICAL  SKETCH 

OF  THE 

AMERICAN   SOCIETY  OF  CIVIL  ENGINEERS, 

By  Charles  Warren  Hunt,  M.  Am.  Soc.  C.  B. 
Cloth,   6x9   Inches. 

Printed    by    order    of  the   Board    of   Direction   of  the  American 

Society  of  Civil  Engineers,  to  be  sold  only  on  subscript 

tion.      The    proceeds    to    be    devoted    exclusively 

to   the  fund  for  the  New  Society   House. 


At  the  Annual  Meeting,  January  19th,  1898,  the 
following  facts  in  regard  to  the  subscription  to  this  book 
were  brought  out : 

Two  thousand  copies  were  printed ;  300  were  bound 
in  full  morocco,  of  which  216  have  been  sold  at  $10  per 
copy,  the  resulting  net  profit  being  $943.06.  Seventeen 
hundred  copies,  which  have  been  paid  for,  are  still  on 
hand,  and  the  Board  of  Direction  was  requested  to  con- 
sider the  propriety  of  offering  to  the  membership  these 
copies  bound  in  a  less  expensive  style  and  at  a  reduced 
price,  the  net  proceeds  to  be  applied  to  the  building  fund. 

In  compliance  with  this  request  it  has  been  decided 
to  bind  as  many  copies  as  are  necessary  to  supply  the 
demand,  in  a  handsome  cloth  binding  and  to  supply 
them  at  $5  per  copy. 

This  action  has  been  taken  in  the  belief  that  many 
members  will  welcome  the  opportunity  of  contributing 
something  to  the  building  fund. 

There  are  a  few  copies  still  on  hand  of  the  first  lot 
bound  and  these  can  be  obtained  by  those  who  so  desire 
at  $10  per  copy. 

Orders  should  be  sent  to  the  Secretary. 


The  book  begins  with  a  brief  statement  of  the  first 
movement  to  form  a  National  Society  of  American  Engi- 
neers in  1839.  The  organization  of  the  American  Society 
of  Civil  Engineers  and  Architects  in  1 8  5  2  is  then  described, 
a  list  of  its  promoters  and  charter  members  given,  and 
the  work  accomplished  in  its  first  two  years  of  life 
sketched.  The  reorganization  of  the  Association  in  1867 
and  the  important  events  in  its  career  from  that  date  to 
1873,  when  the  first  publication  was  issued,  are  then  given 
in  chronological  order.  Succeeding  chapters  are  under 
the  following  heads :  Locations  Occupied  by  the 
Society;  Library;  International  Exhibitions;  Publications; 
Badge;  Constitutional  Changes  and  Work  Accomplished. 
Under  the  head  of  "Comparative  Growth  of  National 
Engineering  Societies  "  short  sketches  of  the  Institution 
of  Civil  Engineers  and  the  Societe  des  Ingenieurs  Civils 
are  given.  The  illustrations  consist  of  35  half-tone 
portraits  of  past  officers  of  the  Society  and  one  diagram, 
all  handsomely  printed  on  heavy  paper. 


Rensselaer     \ 
/  -Polytech  n  \<&% 
S&+  Institute, 

Troy,  N.Y. 


r/4k 


Local  examinations  provided  for.  Send  for  a  Catalogue 


Louisville  Cement. 


The   undersigned  is   General   Agent  for  the  following  Standard  Brands  of 
Louisville  Cement : 

FALLS  MILLS  (J.  II u line  Brand), 

BLACK  DIAMOND  MILLS  (River),  Diamond  Brand, 
SPEED  MILLS,  Star  Brand, 

FALLS  CITY  MILLS,  Anchor  Brand, 

BLACK  DIAMOND  MILLS  (Railroad),  Diamond  Brand. 


This  Cement  has  been  in  general  use  throughout  the  West  and  South 
since  1830,  most  of  the  public  works  having  been  constructed  with  it.  Orders 
for  shipment  to  any  part  of  the  country,  by  rail  or  water,  will  receive  prompt 
and  careful  attention. 

Sales  for  1892,  3,145,568  Barrels. 

WESTERN     CEMENT     COMPANY, 

247  W.  Main  St.,  Louisville,  Ky. 


The  Weber  Railway  Joint 

Empire    Building, 
71    BROADWAY,  NEW  YORK. 

branches: 
Boston,  mason  bldg. 


Chicago,  old  colony  bldg. 
Baltimore,  equitable  bldg 


J 


Manufacturers  of 


"T"  STEP  and  INSULATED 

OINTS. 


Ill 


Pacific  Flush  Tank  Co. 

84  LA  SALLE  STREET,  CHICAGO,  ILL., 

MANUFACTURERS    OF   THE 

flDtttet   Automatic   <5ipbont 

FOR  INTERMITTENT  FLUSH  TANKS. 


Used  for  Flushing  Street-Sewers. 

NO  MOVING  PARTS.      NO  JOINTS.      NO  LITTLE  TRAPS. 

RECEIVED  THE  HIGHEST  AWARD  IN  ITS  CLASS  AT  THE  WORLD'S 
COLUMBIAN  EXPOSITION  FOR 

Simplicity  of  Construction,  Effectiveness  and  Reliability, 

Salt  Lake  City,  Utah,  December  14,  189". 
******  Flashing  with  the  hose  is  not  satisfactory  for  the  reason 
that  it  is  expensive,  and  owing  to  the  time  it  takes  to  get  over  the  system  the  laterals  are 
not  flushed  often  enough  to  keep  them  clean.  The  laterals  Hushed  by  siphons  are  in  nnnh 
better  condition  than  those  flushed  with  the  hose.  The  Miller  Automatic  Siphons  that 
we  have  put  in  are  giving  entire  satisfaction,  and  in  my  opinion  they  are  the  most  efficient 
siphons  in  use.  (Signed)  F.  C.  KELSEY,  City  Engineer. 

EACH  SIPHON  GUARANTEED   ABSOLUTELY. 


Send  for  Illustrated  Catalogue. 
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LABGKST   MANUFACTURERS   IN   AMBRICA  OF 

Civil  Engineers'  and  Surveyors'  Field  Instruments. 


tn 

K 
W 
H 

W 
§ 

2 

Ed 
<« 

D 
O 

09 

W 
J 
OQ 
< 
H 

2 
< 

cu 

w 
H 

CO 

< 

a, 

S 

o 
o 

J 

> 

J 

of 

H 

CO 

2 

< 

H 


£ ,/#W  i     >H 

LATEST  CATALOGUE  MAILED  ON  APPLICATION. 


Architects  and  Builders, 

When  making  Contracts,  should  remember  that 

12,000,000  Barrels 

"HOFFMAN" 

CEMENT 

Have  been  used  on  important  works  throughout  the  United  States. 

No  other  Cement  Company  can  show  such  a  Record. 

Lawrence  Cement  Co. 

Sales  Office,  No.    i    Broadway,   New  York. 


LABORATORIES  OF  Dr.  CHAS.  F.  Mr.KENM,  mi  pearl  st.,  new  yqrk, 

Successor  to  Dr.  GIDEON  E.  MOORE. 

DEPARTMENT  OF  CHEMISTRY.  Analyses  aud  Assays  of  Ores,  Metals,  Waters  and  Natural 
and  Industrial  Products  of  every  description. 

DEPARTMENT  OP  PHYSICAL  TESTS.  Tensile,  Transverse  and  Compression  Tests  of  Iron,  Steel 
and  other  Metals  and  Alloys,  Cements,  Building  Stones  and  Engineering  Materials  generally. 

ESTABLISHED    1856. 


Warren  Foundry  and  Machine  Co, 

WORKS  AT  PHILLIP8BURG,   NEW  JERSEY. 
SALES  OFFICE:    160  BROADWAY,    NEW  YORK. 


CAST-IRON,  WATER  AND  GAS  PIPE, 

Feom  3  to  48  Inches  Diameter. 
Also  all  sizes  of  FLANGED    PIPE  and  SPECIAL   CASTINGS. 


1BJJ3BS 


Improved  RIGID&  Sprihg  Froo5,(ro55IHG5I  track  Work 
Single  t  Three  Throw  Split  Switches  J  wSSSSi 
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THE    F.  O.   NORTON    COMPANY, 


— MANUFACTURER    OF — 


92    BROADWAY,    NEW   YORK. 


Particularly  adapted  for  work  under  water,  for  which  use  it  is 
superior  to  the  best  Portland  Cement,  when  used  i  to  i. 

Certificates  of  tests  and  reports  on  actual  use  in  important  public 
works  furnished  on  application. 


OUR     LEADING 

Architects,  Engineers  and  Builders 

SPECIFY  AND  USE 

BROOKLYN    BRIDGE    BRAND 

ROSENDALE   HYDRAULIC   CEMENT. 

PARK  ROW  OFFICE   BUILDING-30  STORIES. 
USED  EXCLUSIVELY  ON  -j     WALDORF-ASTORIA  HOTEL— LARGEST  IN  THE  WORLD. 

HAVE  SUPPLIED  FOR  NEW  YORK  CROTON  AQUEDUCT,  IN  1897  AND  1898,  165,000  BARRELS. 


AT  LAS  Portland  Cement 

IS  THE  STANDARD 
AMERICAN    PORTLAND. 

The  U.  S.  Government  gives  it  preference  over  all  other  brands* 

ATLAS  CEMENT  CO., 
143  LIBERTY  STREET,  NEW  YORK  CITY. 


IRONCLAD  PORTLAND  CEMENT 

Manufactured  by  Glens  Falls  Portland  Cement  Co. 

Sole  Selling  Agent,  Commercial  Wood  &  Cement  Co., 

156   FIFTH   AVENUE,   NEW   YORK 


High-grade  American 
PORTLAND  CEMENT 

unsurpassed  for  making 

Fine  Artificial  Stone. 


ESTABLISHED  1872. 


F.  E.  BRANDIS  SONS  &  CO., 


MANUFACTURERS    OF 


Engineers'  and  Surveyors'  Instruments, 

814    GATES    AVENUE, 

BROOKLYN,      NEW     YORK 


Catalogues  mailed  on  application. 


Rock  Drilling  and  Air  Compressing 
For  TUNNELS,  QUARRIES,  MINES,  RAILROADS, 

And  wherever  ORE  and  ROCK  are  to  be  DRILLED  and  BLASTED. 


«3»  SEND   FOR  NEW  CATALOGUE. 


RAND  DRILL  CO.,  100  Broadway,  New  York,  U.  S.  A. 

Bbanoh  Offices  :  1328  MonadnockBlk., Chicago,  m.;  Ishpeming,  Mich. ;  1361  Eighteenth 
8treet,  Denver,  Colo.  ;  Sherbrooke,  Quebec.  Canada ;  Apartado  830,  Mexico  City. 

Eppinger  &  Russell  Co., 

CREOSOTING  WORKS, 

Dead  OH  of  Coal  Tar  Process. 


Piles  and  Timber  treated  with  the  above  Oil  for  all  purposes, 
when  preservation  is  desired. 


Introduced  in  England  by  Mr.  Bethel  in  1838.  DEAD  OIL.  OF  COAL  TAR  is  the 
only  known  product  of  commercial  application  that  will  preserve  TIMBER  FROM 
DECAY,   LAND   AND  MARINE  INSECTS. 

Our  Mr.  Valentine  has  had  practical  experience  since  1872,  and  we  have  specimens  of 

Piles  and  Timber  treated  by  him  in  1874,  which  are  in  use  to-day  and  are  in  a  perfect  state  of 

preservation.     We  have  the  largest  and  beat  equipped  plant  in  the  'world. 

Cylinders  100  ft.  long,  capacity  1,500,000  ft.  per  month. 

Direct  Water  and  Rail  Communications. 

MANUFACTUREBS   OF   THE 

Valentine  Electrical  Subway  Conduit. 

WORKS:  OFFICES: 

Foot  First  Street  and  Newtown  Creek,   I   MORRIS   BTTII-.IDinsrGr 
LONQ  ISLAND  CITY.  66  BROAD  ST.,  NEW  YORK. 

SEND  FOR  CIRCULARS  AND  PRICES. 
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^ENGINEERS,  b* 

ADDRESS    THE    WORKS    DIRECT, 

JOHN  STREET,  WEST  NEW  BRIGHTON,  STATEN  ISLAND,  N.  Y 

(ESTABLISHKD     1872), 

Make  a  specialty  of  Machinery  for  the  rapid  and  economical  handling  of  heavy  c 
bulky  materials,  as  well  as  Plans  for  Storage  Buildings  and  Wharves. 

ENGINEERS  ARE  REQUESTED  TO  SEND  FOR  OUR  CATALOGUES. 
"Coal-Handling  Machinery,"  "Cable  Railways  for  Freight," 

"Conveyors"  Gravity  Bucket,  "Manilla  Rope"  Transmission, 

"Industrial  Railways."  "Coal  Handling  in  Power  Plants. 

extent  of  Asphalt  Pavements 

IN  THE  UNITED  STATES  AND  CANADA. 

Trinidad  Lake  Asphalt  Pavement,  21,527,415  square  yards,  or  90% 
Other  kinds  Asphalt  Pavement.        2,307,064  square  yards,  or  10% 


OF 


iheJRINIDAD  LAKE  ASPHALT  PAVEMEN1 

10,000,000  square  yards,  or  nearly  50%, 


WAS  LAID  BY 


THE  BARBER  ASPHALT  PAVING  COMPANY. 


This  is  equal  to  about  650  miles  of  Roadway,  26  feet  wid( 

The  Asphalt  used  by  this  Company  is  from  the  famous 
Pitch  Lake  in  the  Island  of  Trinidad,  B.  W.  I. 

$&" Plans  and  Estimates  Furnished  on  Application 

GENERAL   OFFICES  : 

LE  DROIT  BUILDING,     •        -        -     WASHINGTON,  D.  C 

BOWLING  GREEN  BUILDING,  No.  11  Broadway,  New  York 

F.  V.  GREENE,  President. 


SUPERIOR  GRAPHITE   PAIN! 


For  BRIDGES, 
ROOFS,    . 


f 


STRUCTURAL 
IRON,    .    .    .    . 


And  all  Exposed  Metal  or  Wood  Surfaces. 


Warranted  not  affected  by 
heat,  cold,  salt  brine, 
acid  fumes,  smoke  or 
chemicals 


Detroit  Graphite  Mfg.  Co., 

DETROIT,  MICH 
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ALCATRAZ    ASPHALT 

Guaranteed  free  from  Coal  Tar  or  Petroleum  Residuum, 

For  Reservoir  Linings 

and  Pipe  Coatings. 

The    AlcatraZ    CO.,  San  Francisco,  Cal. 
General  Eastern  Office,  3  West  29th  St.,  New  York. 

NEW    YORK    DREDGING    CO.. 

ENCINEERS    AND    CONTRACTORS. 


WILLIAMS  MACY,  President. 


0.  L.  WILLIAMS,  Secretary  and  Treasnrer. 


Hydraulic  Dredge  discharging  through  5,700  Ft.   Pipe.      Will  dig  and  put  ashote  any   Material,   Rock  excepted 


SPECIALTIES: 

Machinery  for  Economical  Excava- 
tion of  Canals. 

For  Dredging:,   For  Reclamation  of 

Low  Lands. 

CORRESPONDENCE  SOLICITED. 

World  Building,  New  York,  N.  Y. 

"Machines  at  work  at  Wilmington.  Del.; 
Port    Royal,    S.  C;   Port  Arthur,    Sabine 
Patent  Canal  Excavator.  Pass,  Texas,  and  Oakland,  Cal." 

Capacity  of  Plant  owned  by  us,  under  favorable  conditions,  1,000,000  cubic  yards  per  month. 


WEST  PASCAG0ULA  CREOSOTE  WORKS, 

WEST  PASCAGOULA,  MISS. 
Situated  on  Pascagoula  Bay  and  on  the  line  of  the  Louisville  and  Nashville  Railroad. 

These  works  have  been  in  operation  for  more  than  twenty  years,  were  recently 
entirely  rebuilt  and  enlarged,  and  are  now  prepared  to  execute  all  orders  for  creosoted 
piles  and  timber  thoroughly  impregnated  with  dead  oil  of  coal  tar. 

New  cylinders  115  feet  long.     Capacity,  one  million  feet  per  month. 

Address  S.   W.    LABROT 

Supt.  West  Pascagoula  Creosote  Works, 

West  Pascagoula,  Miss. 


THE 


Q  &  W  Tie  Plate 

ALTHOUGH  SOMETHING  NEW, 

Has    a    Record,    from    the   fact   that    it   is   a 
combination  of  the 

SERVIS  AND 
WOLHAUPTER 
PLATES r    r   n 

CHICAGO  : 

700=712  Western  Union  Building. 

NEW  YORK: 

106  Liberty  Street. 
SAN  FRANCISCO: 

537   Mission  Street 
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OF    THE 

AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 
Select  Advertisements  will  be  Received  at  the  following  Rates: 


One  Page 

One-half  Page 

One-qnarter  Page 

One-twelfth  Page,  Card 


One  Yeab. 

10  Insertions. 

%  Year. 
5  Insertions. 

$170  00 

$95  00 

90  00 

55  00 

50  00 

30  00 

20  00 

3  Insertions. 

$60  00 
35  00 
20  00 


Address  the  Secretary  of  the  Society,  220  West  57th  Street,  New  York. 
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iONTINUOUS  RAIL  JOINT  r.QMPANYQFAMERicn 


908=911  Lawyer's  Building, 
164  Market  St.,  NEWARK,  N.  J. 

Millions  in  use  on 
80  Railroads 

Fewest  parts  possi- 

Provides  for  the 

increased 

tonnage  up 

to  date. 


IIANT  PORTLAND,  manufactured  by 

2GYPT  Portland,  AMERICAN  CEMENT  CO.,  Egypt,  Pa., 

MPROVED  UNION,  LESLEY  &  TRINKLE,  Sales  Agents, 

USD  UNION  CEMENTS.  22  &  24  South  15th  St.,     Philadelphia. 


Trident 

Disk  Water  Meter, 


Resilient  or  Retroactive  Frost  Bottom. 

"  SECOND  TO  NONE  "  in  form,  material, 
construction,  capacity,  initial  accuracy  and 
sensibility. 

SUPERIOR  TO  ALL  in  convenience,  in  so- 
lidity of  parts,  in  design,  in  maintained  ac- 
curacy, and  in  immunity  from  stoppages. 

'  W   f  /*/  J.  ' 

MAY  BE  RUN  HARD  AND  LONG  without  smashing,  and  be  frozen  partially  or 
entirely  solid  without  damage  to  the  meter  or  expense  to  the  owner. 

FULLY  ATTESTED,  by  most  competent  authorities,  as  being  "beyond  competi- 
tion in  low  cost  of  maintenance." 

Illustrated  Catalogue,  giving  full  details,  mailed  to  any  applicant. 

NEPTUNE     METER     COMPANY, 

253     BROADWAY, 

designed  by  john  Thomson.  NEW  YORK  CITY. 
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VIEItTTTTIRI    METEE£ 

FOR    MAINSS4    TO   64    INCHES    OR    LARGER. 
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Measurements  by  these  meters  are  more  accurate  than  measurements  by  weirs. 
Smaller  meters  for  laboratories  of  Schools  and  Colleges. 

BUILDERS  IRON  FOUNDRY,  Providence,  R.  I. 

A.  J.   SNYDER   &   SONS, 

"CRESCENT"^  BRAND  ROSENDALE  CEMEI 

Especially  manufactured  for 

IMPORTANT    ENGINEERING    WORK 

requiring  a  high  grade  testing  cement.    Over  30,000  barrels  were  used  on 
the  new  dams  for  the  Crotou  Aqueduct,  and  not  one  barrel  was  rejected. 

nr&KSr   HENRY  R.  BRIGHAM,  General  Agent, 

35  STONE  STREET,  NEW  YORK  CM 


WORKS 

ARE    THE    LARCEST    IN    EXISTENCE. 


OTIS   BROTHERS  &  CC 

38   PARK   ROW,  NEW  YORK. 

MANUFACTURERS  OF 
ELEVATORS  OPERATED   BY  ANY  POWER  EXCEPT  HAND-POWI 
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Connecting  Branch  Sleeve 

—  Tapping  Apparatus 

For  making  Large  Connections  without 

Shutting  Off  Water  or  Reducing  Pressure. 

This  is  no  experiment,  but  has  been  used 
by  tbe  Water  Departments  of  numerous 
cities  for  years  with  entire  success.     Con- 
nections from  2  to  24  ins.  have  been  made  with  mains  from  4  to 
48  ins.     For  full  informatioD,  address 

HE  A.  P.  SMITH    MFG.  CO.,  921  Prudential  Building,  Newark,  N.  J. 

The  Evening  Post  Job  Printing  House, 

FULTON    STREET,  CORNER   BROADWAY, 
NEW  YORK. 


PRINTERS    OF    PERIODICALS. 


Union  Bridge  Company, 


CHARLES  MACDONALD,         ANDREW  ONDERDONK 

Civil  Engineers  and  Constructors  of  Bridges,  Tunnels, 
and  Public  Works. 


JOSEPH   MAYER,  Engineer. 


PRINCIPAL    OFFICE, 

No.   I    BROADWAY,   NEW  YORK. 

Cable  Address:  "  Yaraunion,  New  York." 


Works:   ATHENS,  Pa. 
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ERRATUM. 

Proceedings,  Vol.  XXV,  Page  126  (August,  1899). 
Insert  after  11th  line  the  following  paragraph,  which  was  omitted 
fey  mistake  from  the  account  of  the  Annual  Convention  : 
\  In  the  evening  Colonel  Charles  W.  Raymond,  Corps  of  Engrs.,  U. 
S  \  M  km  Soc  C.E.,  addressed  the  Society  on  the  subject  of  Break- 
water Construction,  with  special  reference  to  the  Delaware  Breakwater. 
The  address,  which  was  informal,  was  illustrated  with  lantern-slides, 
and  proved  of  great  interest  to  a  large  audience. 
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MINUTES  OF  MEETINGS. 


OF  THE  SOCIETY. 


September  6th,  1899. — The  meeting  was  called  to  order  at  20.40 
o'clock,  Mr.  Elmer  L.  Corthell  in  the  chair;  Charles  Warren  Hunt, 
Secretary,  and  present,  also,  08  members  and  7  visitors. 

The  minutes  of  the  meeting  of  June  7th,  1899,  and  of  the  Annual 
Convention  were  approved  as  printed  in  Proceedings  for  August,  1899. 

A  paper  entitled  "Pile-Driving  Formulas:  Their  Construction  and 
Factors  of  Safety,"  by  Charles  H.  Haswell,  M.  Am.  Soc.  C.  E.,  was 
presented  by  the  author,  and  was  discussed  orally  by  Messrs. 
Foster  Crowell,  E.  Sherman  Gould,  O.  J.  Marstrand,  Horace  J.  Howe, 
John  G.  Tait  and  the  author.  The  Secretary  also  presented  a  written 
discussion  on  the  subject  by  Mr.  L.  J.  Le  Conte. 

The  second  paper  of  the  evening:  "  The  Groined  Arch  as  a  Cover- 
ing for  Reservoirs  and  Sand  Filters;  Its  Strength  and  Volume,"  by 
Leonard  Metcalf,  Assoc.  M.  Am.  Soc.  C.  E.,  was  presented  by  the 
author,  and  was  discussed  orally  by  Mr.  Allen  Hazen  and  the  author. 
Written  discussions  on  this  paper  by  Messrs.  W.  R.  Hutton  and  L.  J. 
Le  Conte  were  presented  by  the  Secretary. 
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192  MINUTES   OF   MEETINGS.  [Society 

Ballots  were  canvassed  and  the  following  candidates  declared 
elected : 

As  Members. 

Reginald  Pelham  Bolton,  New  York  City. 
Edward  Austin  Bond,  Albany,  N.  Y. 
William  Beverly  Chase,  Portland,  Ore. 
Arthur  Truman  Safford,  Lowell,  Mass. 
John  G  Sullivan,  Trail,  B.  C,  Canada, 

As  Associate  Members. 

James  Ferguson  Burns,  Hopkinsville,  Ky. 
Douglas  Cornell,  Buffalo,  N.  Y. 
Joseph  Hooker  Cunningham,  Portland,  Ore. 
Robert  "Delano  Cushing,  Minneapolis,  Minn. 
Fred  Lavis,  Chikualiua,  Mexico. 
Herman  Julius  Pfeifer,  St.  Louis,  Mo. 
Howard  Crathorne  Phillips,  Topeka,  Kans. 
George  Chandler  Whipple,  Brooklyn,  N.  Y. 

The  Secretary  announced  that  at  the  meeting  of  the  Board  of 
Direction,  September  5th,  1899,  the  ballot  on  the  election  of  John 
Fritz,  M.  Am.  Soc.  C.  E.,  to  Honorary  Membership  was  canvassed, 
and  Mr.  Fritz  declared  elected  an  Honoi*ary  Member  of  the  Society. 

Announcement  was  made  that  the  following  candidates  were  elected 
by  the  Board  of  Direction,  September  5th,  1899. 

As  Juniors. 

John  Cornelious  Sesser,  Omaha,  Neb. 

George  Rosengarten  Sinnickson,  Philadelphia,  Pa. 

The  Secretary  announced  the  following  deaths : 

Charles  Carroll  Oilman,  elected  Fellow  May  11th,  1871;  died 
July  31st,  1899. 

Horace  Harding,  elected  Member  November  2d,  1892;  died  July 
29th,  1899. 

Albert  Howell  Porter,  elected  Junior  July  4th,  1888;  Associate 
Member  July  1st,  1891;  died  August  9th,  1*99. 

Karl  Sporck,  elected  Member  March  2d,  1898;  died  June  23d, 
1899. 

Horatio  Gouverneur  Wright,  elected  Honorary  Member  March 
3d,  1890;  died  July  2d,  1899. 
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The  Secretary  called  attention  to  the  invitation  of  the  American 
Institute  of  Mining  Engineers  to  members  of  this  Society  to  attei  d 
the  next  meeting  in  San  Francisco,  as  announced  in  Proceedings  for 
August,  1899. 

Adjourned. 

September  20th,  1899. — The  meeting  was  called  to  order  at  20.40 
o'clock,  Director  H.  S.  Haines  in  the  chair;  Charles  Warren  Hunt, 
Secretary,  and  present,  also,  52  members  and  7  visitors. 

A  paper  by  Henry  S.  Prichard,  M.  Am.  Soc.  C.  E.,  entitled  "In- 
sufficient Provision  for  Oounterstresses  in  Railroad  Bridges,"  was 
presented  by  the  author,  and  was  discussed  orally  by  Messrs.  Henry 
B.  Seaman,  Oscar  Lowinson  and  the  author. 

A  written  discussion  on  the  subject  by  Mr.  Henry  S.  Jacoby  was 
presented  by  the  Secretary. 

The  second  paper  of  the  evening  by  C.  W.  Hudson,  Assoc.  M.  Am. 
Soc.  C.  E.,  entitled  "  Comparison  of  Weights  of  a  Three-Hinged  and  a 
Two-Hinged  Spandrel-Braced  Parabolic  Arch,"  was  presented  by  the 
Secretary,  who  also  presented  a  written  discussion  from  Mr.  Henry  S. 
Jacoby. 

The  paper  was  discussed  orally  by  Messrs.  Henry  S.  Prichard  and 
R.  S.  Buck. 

Adjourned. 
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OF  THE  BOARD  OF  DIRECTION. 

(Abstract.) 

September  5th,  1899. — Vice-President  Edward  P.  North  in  the 
chair;  Charles  Warren  Hunt,  Secretary,  and  present,  also,  Messrs. 
Clarke,  Deyo,  Hering,  Mauley,  Owen,  Eicketts,  Schneider,  Thomson 
and  Whinery. 

Tbe  Secretary  announced  the  election  of  John  Fritz,  M.  Am.  Soc.  C. 
E.,  by  the  unanimous  vote  of  all  members  of  the  Board  of  Direction  and 
all  living  Past-Presidents,  as  Honorary  Member  of  the  Society. 

The  appointment  by  the  President  of  Messrs.  Eicketts,  Mauley  and 
Hunt,  as  a  committee  to  report  to  the  Board  a  recommendation  as  to 
the  Time  aud  Place  for  holding  the  next  Annual  Convention,  was 
announced. 

The  following  matters  referred  to  the  Board  of  Direction  by  the 
Annual  Convention  were  considered: 

The  advisability  of  communicating  with  the  Superintendent  of  the 
Twelfth  Census  iu  reference  to  the  importance  of  collecting  and  pub- 
Hshing  coni2)lete  statistics  of  municipal  works. 

The  propi'iety  of  providing  for  the  expenses  of  the  members  of  the 
Nominating  Committee  in  attending  the  meetings  of  that  Committee. 

The  matter  of  the  revision  of  the  Article  of  the  Constitution  relat- 
ing to  the  nomination  of  officers. 

The  resolution  that  the  Board  be  requested  to  take  up  and  settle 
the  matter  of  Standard  Time. 

Applications  were  considered  and  other  routine  business  trans- 
acted. 

Two  candidates  for  Junior  were  elected, 

Adjourned. 
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ANNOUNCEMENTS. 

In  accordance  with  the  resolution  of  the  Board  of  Direction  the 
House  of  the  Society  is  open  every  day,  except  Sunday,  from  9  to 
22  o'clock. 

MEETINGS. 

Wednesday,  October  4th,  1899,  at  20.30  o'clock,  a  regular  busi- 
ness meeting  will  be  held.  Ballots  for  membership  will  be  canvassed, 
and  a  paper  by  S.  Bent  Russell,  M.  Am.  Soc.  C.  E. ,  entitled  "  Impact 
Test  of  Structural  Steel,"  will  be  presented.  This  paper  is  printed  in 
the  August  number  of  Proceedings. 

Wednesday,  October  18th,  1899,  at  20.30  o'clock,  a  regular  meet- 
ing will  be  held,  at  which  a  paper  by  Lewis  M.  Haupt,  M.  Am.  Soc. 
C.  E. ,  entitled  "  The  Reaction  Breakwater  as  Applied  to  the  Improve- 
ment of  Ocean  Bars,"  will  be  presented.  This  paper  is  printed  in 
this  number  of  Proceedings. 
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tember, 1899;  .241  September  11. 

Electric  Haulage.     J.  W.  Kirkland.     122*  August  25. 
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1 10  ■  September.    9 
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The  Launch  of  a  Battleship.    H.  R.  Champness.     I  13    August  24. 
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On  the  Boiler  Arrangements  of  Certain  Recent  Cruisers.     F.  T.  Marshall.     (11)  August 

11:  ^7^  September  2. 
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Marine— ( Continued). 

The  Boiler  Trials  of  the  Sheldrake.     (12)  August  11. 
The  Austro-Hungarian  Cruiser  Zen ta.     (12)  August  25. 

Drague  Marine  a  Godets  de  1  000  Chevaux  pour  le  Port  de  Vladivostock.    (33)  August  19. 
L'Avenir  de  la  Construction  Navale  en  Belgique.    P.  Moulin.     (31)  Tome  xxii,  deux- 
ieme  livraison. 
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Influence  of  the  Length  of  Span  in  Transverse  Tests  of  Cast  Iron.    Dr.  R.  Moldenke. 
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The  American  Foundrymen's  Association  Tests  on  Cast  Iron  as  Related  to  Electrical 
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August  25. 

Standards  for  Cast  Iron.    (11)  August  25. 

An  Explai  ation  of  the  Rapidity  of  the  Bertrand-Thiel  Process.  Henry  M.  Howe.  (16) 
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Importance  of  Fillets  and  Round  Corners  of  Modern  Machinery  Castings.    (19)  August  12. 

Iron  in  Ornament.    Chester  B.  Albree.    (10)  September,  1899. 

The  Difference  of  Elasticity  between  Chilled  and  Ordinary  Cast  Iron.  C.  Bach.  (48) 
July  22. 

Some  Results  of  Transverse  and  Tension  Tests  of  Steel  Plates.     (15)  September  8. 

Notes  on  Rod  Rolling  and  its  Development.    N.  K.  Turnbull.     (22)  August  25. 

The  Manufacture  of  Tin  Plates— Past  and  Present.  W.  C.  Cronemeyer.  (22)  August 
25. 

Drawing  Press  for  Metal  Sheets,  1  500  mm.  diameter  and  3  mm.  thick.  R.  Kannegiefser. 
(48)  August  5. 

The  Durability  of  Water-Tube  Boilers.    A.  F.  Yarrow.     (11)  August  4;  (47)  August  5. 

Nickel  Steel  versus  Mild  Steel  Boiler  Tubes.    A.  F.  Yarrow.     (20)  August  10. 

The  Phillips  Water-Tube  Boiler.     (11)  August  25. 

Keen "s  Water-Tube  Boiler.     (11)  August  18. 

The  Lynn  Boiler.     (52)  August  2-1. 

Mechanical  Draft.    Henry  B.  Prather.    (1)  July,  1899. 

A  New  Method  of  Forced  Draft.    Nelson  Foley.     (47)  July  29. 

Uniform  Rules  for  the  Arrangement  and  Dimensions  of  Chimneys  for  Steam  Plants.  G. 
Lang.     (48)  July  29. 

Economy  in  the  Use  of  Superheated  Steam.    R.  S.  Hale.     (9)  September,  1899. 

The  Andrews  &  Martin  Balanced  Slide  Valves.     (11)  August  11. 

The  Stresses  in  Steam  Engines,  with  Special  Reference  to  Electric  Traction.  (26)  Sep- 
tember 1. 

The  Thermal  Efficiency  of  the  Steam  Engine.     (12)  September  1. 

Connecting  Rods  for  H.  M.  T.  D.  Bullfinch  and  Dove.     (12)  September  1. 

Air  Compressor  Plant,  General  Post  Office,  Liverpool.     (12)  August  18. 

Vertical  Oil  Engine.     (47)  August  12. 

A  "Fin-de-Siecle"  Machine  Shop.    Fred  Bathurst.     (26)  August  18. 

Some  Reasons  for  the  Excellence  of  American  Machinery.  Henry  B.  Binsse.  (10)  Sep- 
tember, 1899. 

Modern  Machine  Tools.    K.  E.  Smidt.     (57)  August  10. 

New  Power  Plant  for  the  Lancaster  Mills.     (14)  September  2. 

Elements  of  Design  Favorable  to  Spesd  Regulation  in  Plants  Driven  by  Water  Power. 
A.  V.  Garratt.     (24)  August  7. 

Transmission  of  Power  by  Means  of  Ropes  and  Belts.  G.H.Thurston.  (22)  Septem- 
ber 1. 

The  Transmission  of  Energy  by  a  Partially  Rarefied  Atmosphere.  Sir  Frederick  Bram- 
well.     (12)  August  18. 

An  Underground  Pumping  Engine  at  a  Hungarian  Colliery.  Stefan  Steuer.  (16)  Au- 
gust 12. 

Pneumatic  Riveting.     (15)  September  1. 

Fuel  Gas.    C.  Francis  Jenkins.     (46)  August  12. 

Utilizing  Charcoal  Blast  Furnace  Gases.    F.  Zeyringer.     (22)  September  1. 

Artificial  Illumination  for  Ordinary  Business  and  Domestic  Purposes.  Leon  P.  Lowe. 
(24)  August  7. 

The  Automatic  Ignition  of  Gas  by  Chemical  Means.    J.  B.  Grimwood.     (24)  August21. 

The  Acetylene  Exhibition  and  Congress  at  Budapest.     (12)  August  11. 

Electrolysis.    William  A.  Aldrich.     (24)  August  14. 

The  Automobile  Situation.    Hiram  Percy  Maxim,    do-)  September,  1899. 
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Electric  Automobiles.    Elmer  A.  Sperry.     08)  August  5. 

A  New  Petroleum-Spirit  Motor- Vehicle.     (28)  September  1. 

The  Kiihlstein-Vollmer  Motor-Tractor.     (28)  August  18. 

New  French  Types  of  Automobiles.     (27)  September  2. 

The  New  Mors' Vertical  Petroleum  Spirit  Motor.     (28)  August  4. 

The  Julien  Friction  Clutch  for  Motor  Vehicles.     (28)  August  25. 

Motor- Wagon  Trials  at  Liverpool,     (n)  August-!;  (12) August 4. 

Commission's  Report  on  the  Test  of  Heavy  Motor  Vehicles,  held  at  Versailles  in  October. 

1898.     (13)  September  7. 
Cycle  Construction  and  Design.    Archibald  Sharp.     (29)  August  18. 
L'Fjtat  de  la  Vapeur  a  la  Fin  de  remission.    Georges  Duchesne.     (37)  July,  1899. 
Des  Semoirs  en  Lignes.    MaxRingelmann.     (37)  July,  1899. 
Les  Progres  Aetuels  dans  la  Construction  des  Machines  a  Vapeur.    Alfred  Van  der 

Stegen.     (31)  Tome  xxii,  deuxieme  livraison. 
Installation  de  Chaudieres  avec  Emulseur  a  vapeur,  a  la  Sucrerie  Centrale  de  Cambraf. 

(33)  August5. 
Fabrication  Industrielle  de  I' Air  Liquide,  usine  pour  une  Production  de  700  litres  par 

jour.    Julien  LeftJvre.    (33)  August  5. 
Utilisation  Directe  des  Gaz  des  Hauts  Fourneaux  dans  les  moteurs  a  Explosion.    Aug. 

Dutreux.     (33)  August  26. 
Le  Moteur  Diesel  et  les  Moteurs  Thermiques.    Donat  Banki.     (33)  August  19. 
L'ficlairage  par  l'Alcool     M.  L.  Denayrouze.     (32)  June,  1899. 
Etude  Supplementaire  sur  la  Production  et  sur  Temploir  de  Divers  Gaz  Combustibles. 

M.  Lencauchez.     (32)  June,  1899. 

Mining. 

The  Reduction  of  Metals  not  Easily  Fusible  at  High  Temperatures  through  Aluminum. 

M.  Goldschmidt.     ( 56 )  August  5. 
A  Furnace  for  Smelting  Zincy  Lead  Ores.    Ludwig  Kloz.    (16)  September  2. 
Coal  Mining  in  Michigan.    Charles  Holmes.     (45)  September,  1899. 
Notes  on  Silver  Losses  in  Smelting.    Malvern  W.  lies.     (16)  September  9. 
The  Effect  of  Subsidence  Due  to  Coal-Workings,  upon  Bridges  and  other  Structures. 

(13)  September  7. 
Dust  Explosions  in  Coal  Mines.    John  Hayes.     (24)  August  14. 
The  Mining  and  Preparation  of  Kaolin.    T.  C.  Hopkins.     (16)  August  26. 
Mechanical  Mine  Haulage.     (16)  August  19;  (45)  September,  1899. 
The  Re-Lighting  Marsant  Mine  Lamp.     (16)  August  19. 
The  Iron  Mines  of  Cuba.     (20)  August  17. 

Machine-Mining  and  Pick-Mining  Compared.    W.  D.  L.  Hardie.     (40)  Vol.  xx,  Part  4. 
Nouveau  Procedfe  de  Lavage  des  Sables  Auriferes  en  Australie.    G.  Hamelin.     (36) 

August  10. 
Installation  de  Surface  des  Mines  d'Or  de  la  "French  Rand  Gold  Mining  Co."  (Repub- 

lique  Sud-Africaine.)    J.  Dupont.     (33)  August  26. 

Municipal. 

Roadways  Across  Bogs.     (14)  August  19. 

Repairs  to  Asphalt  Pavements.     (14)  August  19. 

Municipal  Ownership  of  Tramways  in  Great  Britain.      Benjamin  Tavlor.     (10)  August, 

1899. 
Railway  Asphalt  Plant.     (18)  September  2. 
Proposed  Salt- Water  Street-Sprinkling  Plant  at  Oakland,  Cal.     (13)  September  7. 

Railroad. 

Rails  and  Rail  Joints.    M.  K.  Bowen.     (10)  August,  1899. 

The  Breakage  of  Steel  Rails.     ( 13 )  August  31. 

Hinged  Switch  and  Cast-Steel  Frog;  Netherlands  State  Railways.     (i3)  September  7. 

Rapid  Locomotive  Erection  in  France.     (11)  September  1. 

The  Use  of  Nickel  Steel  in  Locomotive  Construction.     (47)  September  2. 

American  Locomotives  in  Great  Britain.    Charles  H.  Jones,     do)  September,  1899. 

American  Locomotives  on  British  Railways.      Charles  Rous-Marten.     (9)  September, 

1899. 
Cooke  Ten-Wheel  Freight  Locomotive,  Oregon  Short  Line.     (18)  September  2;  (15) 

September  8. 
New  Passenger  Locomotives  for  the  New  York  Central.     (40)  August  18. 
New  Consolidation  Engine  of  the  Delaware,  Lackawanna  and  Western  Railroad.     '15") 

August  25. 
Heavy  Ten- wheel  Freight  Locomotives  for  the  Union  Pacific.     (15)  August  25.     (18) 

August  12;  (25)  September,  1899. 
A  Ten- Wheel  Express  Locomotive  in  England.    (15)  August  18. 
Atlantic  Type  Locomotive  for  the  Pennsylvania  Railroad.     (18)  August  26;  (46)  August 

26. 
Richmond  Compound  Locomotive  for  Swedish  State  Railways.     (18)  August  19. 
Six-Coupled  Locomotive,  Cauca  Railway,  United  States  of  Colombia.     (18)  August  12. 
Consolidation  Locomotives  for  the  Delaware  &  Hudson  Canal  Company.     (18)  Augusts. 
Consolidation  Locomotives,  Santa  Fe  Pacific  Railway.     (25)  September,  1899. 
Ten-Wheel  Passenger  Locomotive,  Denver  &  Rio  Grande  Railway.    (25)  September,  1899; 

(40)  August  25. 
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Two  Improvements  in  Compound  Locomotives.     (25)  September,  1899. 

Six-Coupled   Side -Tank  Locomotive,  Swedish  State  Railways.     (25)  September,  1899; 

(40I  August  11. 
Six-Coupled  Narrow-Gauge  Locomotive,  for  Tasmania.    (12)  August  4. 
A  Ten-Wheel  Express  Locomotive  in  England.     (15)  August  18. 
The  Richmond  Double-Ported  Valve.     (15)  August  18. 
A  Locomotive  Boiler  with  Corrugated  Furnace.     (13)  August  24;    (15)    September  1; 

(25)  September.  1899. 
Tender  for  Oil-Burning  Engine,  Great  Eastern  Railway.     (21 )  August,  1899. 
Smokeless  Firing  with  Bituminous  Coal  on  Passenger  Locomotives.     (13)  August  31. 
The  Electric  Locomotive.    George  R.  Mair.     ( 10)  August.  1899. 
The  Selection  of  Rolling  Stock.    C.  F.  Uebelacker.     ( 10)  August,  1899. 
The  Rolling  Stock  of  the  Great  Centra)  Railway.     (11)  August  25. 
B.  &  O.  Southwestern  New  50-Foot  Furniture  Car  and  Freight  Car  Truck.     (15)  August 

11. 
A  New  Pile-Driver  of  the  Chicago,  Milwaukee  &  St.  Paul.     (15)  August  11. 
Special  Stsel    Car    fcr   Transporting    Heavy  Loads;    North    Belgian    Railway.      (13) 

August  17. 
Freight  Cars  for  the  Imperial  Chinese  Railways.     1 13 )  August  31. 
The  Development  of  the  Street  Car.    John  A.  Brill.     (10)  August.  1899. 
The  Proposed  Guayaquil  and  Quito  Railway  in  Ecuador      (13)  August  17. 
The  South  Devon  Atmospheric  Railway.     Sir  Frederick  Bramwell.     (11)  August  25. 
North  Bessemer  Tunnel.    F.  E.  House.     (48 )  June,  1899. 

The  Ventilation  of  Tunnels.    Francis  Fox.     (13)  August  31;  (14)  September  2. 
Oil  Stations  in  Russia.     (40)  September  1. 

Back  Bay  Station  of  the  New  York,  New  Haven  &  Hartford  Railroad.     (15)  September  8. 
Portable  Plant  for  the  Preservative  Treatment  of  Railway  Ties.     (13)  August  17;  (15) 

August  18. 
Russian  Water  Stations.     (40)  August  18. 
Types  of  Russian  Roundhouses.     (40)  August  11. 
Economy  in  Handling  and  Transport  of  Minerals.    Charles  DeNeuville  Forman.     (21) 

August,  1899. 
Light  Electric  Railways.     Dr.  Louis  Bell.    (10)  August,  1899. 
Polyphase  Alternating  Currents  for  Electric  Railways.    Dugald  C.  Jackson,  M.  Am.  Soc, 

'C.  E.    (10)  August,  1899. 
The  Multiple  Unit  System  of  Electric  Railways.    Frank  J.  Sprague.     (42)  May,  1899; 

(18)  August  19;  (10)  August,  1899. 
Electric  Railways  in  America  from  a  Business  Standpoint.     William  J.  Clark.     (10) 

August.  1899. 
The  City  and  South  London  Electric  Railway.    P.  V.  McMahon.     (10)  August,  1899. 
Combined  Operation  of  Trolley  and  Steam  Systems  on  the  Long  Island  Railroad.     (27) 

September  2. 
A  Model  American  Electric  Railway  System.    (11)  August  18. 
Storage  Batteries  and  Electric  Railways.    Herbert  Lloyd.     (10)  August,  1899. 
Some  Early  Traction  History.    Thorburn  Reid.    (10)  August,  1899. 
Electrolysis  from  Railway  Currents.    Arthur  V.  Abbott.     (10)  August,  1899. 
The  Latest  Developments  in  Electric  Conduit  Railways.    F.  S.  Pearson.    (10)  August. 

1899. 
Electric  Tramways  in  Great  Britain.    Robert  Wr.  Blackwell.     (10)  August,  1899. 
Building  an  Electric  Railway.     Lemuel  W.  Serrell.    (10)  August,  1899. 
Overhead  Construction.    J.  G.  White.     (10)  August,  1899. 
The  Development  of  the  Modern  Electric  Railway  Motor.    Dr.  CaryT.  Hutchinson.     (10) 

August.  1899. 
The  I  ' inversion  of  Blackpool  Tramways.     (26)  September  1. 
The  Stratford  Trolley  Car  Disaster.    (46)  August  19. 

Practice  in  th?  Repair  Shops  of  the  North  Chicago  Street  Railway  Company.    (17 1  Sep- 
tember, 1899. 
Practice  in  the  Repair  Shops  of  the  Chicago  City  Railway  Company.    (17)  September, 

1899. 
Power  Station  of  the  Metropolitan  Street  Railway  Company  (New  York  City).     ( 17)  Sep- 
tember, IS'., '.I. 
The  Plymouth  (Eng.)  Electric  Tramways.    (17)  September,  1899. 
Traction  Electro-Magnetique  a  Contracts  Superflciels.     (47)  August  19. 
Ventilation  des  Tunnels.    Conditions  d'Aeration.    Volume  d'air  a  Introduire  dans  le 

Tunnel  et  Travail  Necessaire  pour  son  Introduction.     Raymond  Godfernaux.     (47) 

August  19. 
De  la  Revision  des  Principes  Appliques  par  l'Etat- Beige  en  vue  de  la  Protection  des  Points 

Dangereux.    H.  Van  den  Bogaerde.     (31)  Tome  xxii.  deuxieme  livraison. 
Etude  sur  les  Vibrations  des  Bielles  d'Accuplement.    F.    Keelhoff.     (31)    Tome    xxii, 

deuxieme  livraison. 
Quelques  Resultats  d'Essai  des  Principaux  Injecteurs  pour  Locomotives  employes  a 

l'Etat-Belge.    Ernest  Grootaert.     (31)  Tome  xxii,  deuxieme  livraison, 
LeCintrage  des  Boisaux  Ateliers  de  la  Compagnie  de  l'Est,  a  Romilly-sur-Seine.    (34) 

August,  1899. 
Tramway  Electrique  a  Contacts  Superflciels,  Svsteme  Diatto.     Pierre  Guedon.     (34) 

August,  1899. 
Les  Freins  Continus.     R.  Seguela.     (37)  July.  1899. 
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Nouveau  Systems  d'E  -laii-age  Electrique  des  Voitures  au  moyen  d'une  Dynamo  Actionnee 

par  Tun  des  Essieux.     M.  Auvert.     (38)  August,  1899. 
Lorry  de  Secours  eii  cas  de  Deraillement  des  Voitures  de  Tramways  Mecaniques.    MM. 

Manelere  et  Leroux.     (38)  August,  1899. 
Notes  sur  les  Corrosions,  Cassures  et  Fissures  de  Toute  Nature,   Observees  dans  les 

Chaudieres  de  Locomotives  de  la  Campagnie  des  Chemins  de  Fer  de  l'Est.    M.  Des- 

geans.     (38)  August.  1899. 

Sanitary. 

The  Proper  Size  for  Septic  Sewage  Tanks.     (13)  August  17. 

Septic  Tank  and  Sewage  Kilter  Beds  for  the  Essex  Co.,  Lunatic  Asylum,  Verona,  N.  J. 
i  13  )  September  7. 

A  Small  Septic  and  Nitrifraction  Sewage  Treatment  Plant  near  Chicago.  Alvord  and 
Shields.     (13)  September  7, 

Improved  Mei  hods  for  the  Purification  of  Sewage  and  Water  as  Shown  in  the  Opera- 
tion of  the  Municipal  Plant  at  Reading,  Pa.  John  Jerome  Deery.  (3)  September, 
1899. 

The  Present  Condition  of  Sewage  Disposal  at  Paris.     (13)  August  17. 

The  Sewerage  of  Concord,  N.  H.     (14)  August  19. 

Thi'  Influence  of  Sewage  on  Cement.     (14)  August  19. 

Baltimore  Sewerage.     (14)  August  26. 

A  Storm-Water  Overflow,  Denver,  Colo.     (14)  September  9. 

The  Disinfecting  Station  at  Liverpool.  James  H.  Fuertes,  M.  Am.  Soc.  C.  E.  (14)  Sep- 
tember 9. 

Refuse  Destructor  and  the  Results  Obtained  from  a  Six  Months1  Working  of  the  Refuse 
Destructor  at  Torquay.    Henry  A.  Garrett,     (n)  August  18;  (47)  September  2. 

Tne  Horsfall  Refuse  Destructor.     (47)  July  29. 

Refuse  Furnaces.     (14)  August  26. 

Refuse  Destructor  Trials,  Torquay,  England.     (14)  September  2. 

The  Renovation  of  Bombay.     (12)  August  25. 

Structural. 

Foundations  for  Heavy  Buildings.  William  H.  Burr,  M.  Am.  Soc.  C.  E.  (10)  Septem- 
ber, 1899. 

Reactions  for  a  Beam  Supported  at  Four  Points.    R.  Birkeland  (57)  August  17. 

Calculation  of  Cast-iron  Columns.    J.  B.  Nau.     (13  )  August  31. 

The  R  slat  ion  Between  the  Structure  of  Steel  and  Its  Thermal  and  Mechanical  Treatment. 
Albert  Sauveur.     (13)  August  24. 

The  Work  of  the  International  Association  for  Testing  Materials.  Mansfield  Merriman, 
M.  Am.  Soc.  C.  E.     (13)  August  17;  (15)  August  18;  (14)  August  19. 

The  L.  L.  Sterns  Stable,  New  York.     (14)  August  19. 

The  Mechanical  Plant  of  the  Exchange  Court  Building,  New  York.     (14)  September  9. 

The  Patent  Office  New  Building.     (12)  August  18. 

The  Project  to  Warm  Buildings  from  a  Central  Station  in  Providence.     (14)  August  19. 

A  Ventilated  Chimney  Tower.     (14)  August  19. 

A  Hospital  Hot-Water  Heating  Plant.     (14)  August  26. 

Upward  and  Downward  Ventilation.     (14)  August  26. 

Supports  Horizontaux  Armatures,  en  Fer  et  en  Ciment.  Henry  Picq.  (35)  August, 
1899. 

Topographical. 

A  Revolving  Camera  for  Surveying  Purposes.     (13)  August  24. 

Field  Notes  of  a  Civil  Engineer— Do  They  Belong  To  His  Client  or  To  Himself?    J.  Van 

der  Hoek.     (0  July,  1899. 
A  New  Optical  Distance  Meter, '-Quadruple  Micrometer."    A.  Tichy.     (53)  July  21. 

Water  Supply. 

Twin  Gates  for  the  Fay  Lake  Reservoir,  Arizona.     (13)  September  7. 

Covered  Reservoirs  and  their  Design.    Freeman  C.  Coffin,  M.  Am.  Soc.  C.  E.     (1)  July, 

1899. 
Covered  Reservoirs  at  Pasadena,  Cal.    T.  D.  Allin.     ( 13 )  August  17. 
The  Assouan  Dam.    (12)  August  11, 

East  Canyon  Creek  Dam.  Utah.    M.  S.  Parker,  M.  Am.  Soc.  C.  E.     (14)  September  2. 
The  Water-Works  of  Cambridge,  Mass.     (14)  August26. 
Auxiliary  Water  Supplies.     ( 14  )  September  2. 

Three  Engineering  Reports  on  the  Ramapo  Project.    (14)  September  2. 
The  London  Water  Supply— Its  Future.    (12)  August  25. 

The  Water  Supply  of  the  City  of  Glasgow.    Benjamin  Taylor.     (10)  September,  1899. 
New  Tunnels,  Intake  Crib  aiid  Pumping  Stations,  Chicago,  111.     (13*  August  31. 
Additional  Water  Supply  Works  for  Dresden,  Germany.     (13;  September  7. 
The  Rice  High-Pressure  Pump.     (20)  August  31. 
The  Development  of  American  Water  Powers.     (14)  August  19. 
The  Mount  Whitney  Water  Power  Electric  Plant  and  Light  Regulating  Device.     (13) 

September  7. 
Some  Irrigation  Appliances  in  the  San  Bernardino  Valley,  Cal.     (13)  September  7. 
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Waterways. 

Methods  used  in  Placing  the  Skeleton  Steel  Beacon  Coast  Signals.     (13)  September  7. 

Lighthouse  Illuminauts.    Lawrence  Ir well.     (19)  September  9. 

The  Improvement  of  the  Big  Sandy  River.    (14)  September  9. 

The  Dortmund-Ems  Canal,  and  the  Hydraulic  Lock  Lift  at  Henrichenburg.   B.  Gerdau. 

(48)  August  12. 
Recent  Hydrographical  Surveys.     (12)  August  11. 
Moyens  Mecaniques  de  Navigation  Interieure.    M.  Galliot.     (37)  July,  1899. 
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by  the  Publisher. 


LOCKS  AND  LOCK-GATES 

For  Ship  Canals.     By  Henry  Goldrnark,  M.  Am.  Soc.  C.  E.     Paper, 
9^  x  6i  ins.,  19  pp.     (Donated  by  the  Author.) 

This  is  a  reprint  from  the  Transactions  of  the  Association  of  Civil  Engineers  of  Cor- 
nell University,  and  treats  of  the  history,  construction  and  operation  of  locks  and  lock- 
gates  for  ship  canals.  Two  page  plates  of  illustrations  of  the  St.  Mary's  Falls  Canal 
accompany  the  text. 

MECHANICAL  DRAWING. 

A  Practical  Course  in  Mechanical  Drawing.     By  William  Fox  and 

Charles  W.  Thomas.     Cloth,  8  x  5i  ins.,   98  pp.,  illus.     New  York,  D. 

Yan  Nostrand  Company.     $1.25. 

The  object  of  this  work  is  to  provide  a  simple,  practical  course  of  progressive  lessons 
in  mechanical  drawing.  Instruction  is  given  in  connection  with  a  special  concrete 
exercise,  instead  of  being  presented  in  an  abstract  and  general  manner,  as  it  is  the  belief 
of  the  authors  that  the  subject  is  best  taught  with  the  use  of  models,  instead  of  sketches 
and  pictorial  illustrations.  The  exercises  are  elementary  and  progressive  in  character, 
and  the  course  is  designed  for  high  schools,  schools  for  apprentices  and  young 
mechanics.  The  studies  are  intended  to  fit  the  pupil  to  make  sketches  from  machinery 
and  to  enable  him  to  read  and  understand  an  ordinary  mechanical  drawing. 

POTABLE    WATER 

And  Methods  of  Detecting  Impurities.  By  M.  N.  Baker.  Boards,  6x 
4  ins.,  97  pp.     New  York,  D.  Van  Nostrand  Company.     50  cents. 

This  book,  which  is  issued  as  No.  61  of  the  Van  Nostrand  Science  Series,  replaces  an 
earlier  issue,  bearing  the  same  number  and  practically  the  same  title,  by  another  author. 
It  has  been  written  without  regard  to  the  contents  or  methods  of  the  preceding  work, 
now  20  years  old,  and  it  aims  to  present,  for  the  benefit  of  water  commissioners  and 
other  officials,  physicians,  public-spirited  citizens,  and  students  in  technical  and  medical 
schools,  a  clear  statement  of  the  essential  qualities  of  potable  water,  how  it  may  be 
obtained,  and  the  significance  of  chemical,  bacterial  and  microscopical  tests  of  its  quality, 
be tli  in  themselves  and  relatively.  The  relation  between  water  and  disease,  and  typhoid 
fever  records  as  an  index  of  the  purity  or  impurity  of  public  water  supplies  are  also 
pointed  out. 

PRECISE  SURVEYING  AND  GEODESY. 

Elements  of  Precise  Surveying  and  Geodesy.     By  Mansfield  Merri- 

nian,  M.  Am.  Soc.  C.  E.     Cloth,  9x6  ins.,  261  pp.,  illus.      New  York, 

John  Wiley  &  Sons.     $2.50. 

This  book  sets  forth  the  history  of  geodesy  and  the  elements  of  geodetic  theory  and 
practice.  The  chapter  headings  are:  The  Method  of  Least  Squares.  Precise  Plane  Trian- 
gulation,  Base  Lines,  Leveling,  Astronomical  Work,  Spherical  Geodesy,  Spheroidal 
( Jeoilesy,  (ieodetie  Co-ordinates  and  Projections,  Geodetic  Triangulation,  The  Figure  of 
the  Earth,  Tables.  The  tables  include  mean  celestial  refraction,  lengths  of  arcs  of  the 
meridian,  lengths  of  arcs  of  parallels,  logarithms  for  geodetic  computations,  logarithms 
for  the  L  M  Z problem  and  constants  and  their  logarithms.  There  is  an  index  of  5  pages, 
and  the  pages  carry  on  their  inner  margin  folios  relating  to  the  chapter  and  article. 

THE  DESIGN  AND  CONSTRUCTION  OF  DAMS, 

Including  Masonry,  Earth,  Rock-fill  and  Timber  Structures;  also  the 
Principal  Types  of  Movable  Dams.  Bv  Edward  Wegmann,  M.  Am. 
Soc.  C.  E.  Cloth,  12  x  9.V  ins.  250  4-  xii  pp.,  illus.  New  York,  John 
Wiley  &  Sons.     $5.00. 

This  is  the  fourth  edition  of  Mr.  Wegmann's  book  originally  published  as  a  treatise 
on  the  design  and  construction  of  masonrv  dams,  and  the  work  has  now  heen  enlarged  to 
include  also  earth,  rock-fill  and  timber  structures  and  the  principal  types  of  movable 
dams.  The  original  book,  forming  Parti  of  the  present  um-k.  lias  been  added  to  by  the 
insertion  of  detailed  description,  drawings  and  views  of  some  of  the  high  masonry  dams 
recently  built  to  form  storage  reservoirs  for  the  water  supply  of  the  City  of  New  York, 
and  by  the  publication  in  the  Appendix  of  the  specifications  for  the  new  Croton  dam. 
the  highest  structure  of  its  kind.  Part  II  treats  of  the  fixed  dams  mentioned,  other  than 
masonry,  and  Part  III  is  devoted  to  movable  dams.  The  work  is  illustrated  by  75  figures 
in  the  text  and  97  plates,  including  folders  and  halftones.  There  are  24  Tables  and  a 
bibliography,  divided  in  accordance  with  the  general  scheme  of  the  hook,  in  the 
Appendix. 
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THE  REACTION  BREAKWATER  AS  APPLIED  TO 
THE  IMPROVEMENT  OF  OCEAN  BARS. 


By  Lewis  M.  Haupt,  M.  Am.  Soc.  C.  E. 
To  be  Presented  Octobee  18th,  1899. 


Results  to  Date. 


In  a  paper  published  by  the  Society  in  the  Transactions*  for  Decem- 
ber, 1898,  attention  is  called  to  the  single  cnrved  breakwater  at  Aransas 
Pass,  Texas,  designed  and  located  by  the  writer  for  the  purpose  of 
creating  at  that  inlet  a  navigable  channel  at  least  20  ft.  in  depth. 

In  the  discussion  which  followed  that  paj:>er  it  appeared  that  the 
incompleted  breakwater  was  doing  effective  work;  but  as  no  survey 
had  been  made  for  some  time,  and  the  Harbor  Company  had  suspended 
all  work  since  May,  1897,  it  was  impossible  to  state  the  results  with  any 
degree  of  accuracy.  The  latest  examination  available  at  that  date  was 
that  made  under  the  direction  of  a  Board  of  Engineers  for  the  purpose 
of  appraising  the  value  of  the  work  done,  with  a  view  of  turning  it  over 
to  the  Government  to  continue.  This  board  reported  on  November 
22d,  1897,  that: 

Note.— These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published  in  a 
subsequent  number  of  Proceedings,  and,  when  finally  closed,  the  papers  with  discussion 
in  full  will  be  published  in  Transactions. 

*  "Origin  of  the  Gulf  Stream  and  Circulation  of  the  Waters  in  the  Gulf  of  Mexico, 
with  Special  Reference  to  the  Effect  on  Jetty  Construction,"  by  N.  B.  Sweitzer,  Jr.,  Jun. 
Am.  Soc.  C.  E.,  Transactions,  Am.  Soc.  C.  E.,  Vol.  xl,  p.  86. 


Papers.]  HAUPT    ON    REACTION    BREAKWATER.  507 

"  The  depth  has  not  been  materially,  if  at  all,  increased."  *  *  * 
"At  the  time  of  examination  of  the  Board,  in  July,  1897,  it  was  8.8  ft., 
and  in  November,  1897,  8.5  ft.  The  depths  and  contour  lines  are 
shown  on  appended  charts." 

(These  charts,  however,  show  a  least  depth  at  one  crossing  on  the 
crest  of  the  bar  of  91,  ft.,  November  2d  to  5th.)  The  Board  also 
expressed  the  opinion  that  "there  does  not  seem  any  probability  that 
the  jetty  as  now  constructed  will  of  itself  secure  and  maintain  any 
considerable  increase  of  depth  in  a  navigable  channel  of  proper 
width." 

In  view  of  this  expectation  and  the  fact  that  up  to  the  end  of  Feb- 
ruary, 1899,  a  period  of  15  months,  the  unaided  currents  have 
increased  the  depth  at  this  particular  part  of  the  bar  from  "8J  ft.,"  as 
reported,  to  over  22  ft.,  and  that,  notwithstanding  the  existence  of  a 
large  part  of  the  old  Government  jetty  across  the  channel,  the  question 
may  pertinently  be  asked,  whence  these  phenomenal  results  in  so  short 
a  time? 

Keaction  vs.  Concentration. 

The  answer  is  plain,  since  the  curved  form  of  the  breakwater  (not 
"jetty"),  is  such  as  to  develop  the  potential  energy  of  the  ebb  cur- 
rents, rendering  them  kinetic,  and  applying  them  locally  on  the  crest 
of  the  bar  where  they  are  needed  for  scour.  At  the  same  time,  the 
breakwater  serves  to  arrest  the  littoral  drift  and  defend  the  channel 
from  its  encroachments.  In  short,  it  aims  to  utilize  the  well-known 
centrifugal  force  by  the  reaction  developed  by  the  resistance  caused 
by  a  continuous  change  of  direction  so  often  manifested  in  the  concave 
bends  of  streams,  instead  of  the  principle  of  concentration  which  has 
been  relied  upon  so  largely  in  the  system  of  twin  or  convergent  jetties, 
with  such  meager  results. 

This  may  be  well  illustrated,  perhaps,  by  the  case  of  a  projectile 
flying  through  the  air  with  a  large  amount  of  stored  energy,  which  is 
developed  suddenly  only  when  meeting  with  a  point  of  resistance.  It 
has  also  been  observed  that  currents  having  a  velocity  sufficient  to 
scour  the  material  over  which  they  are  flowing  do  not  disturb  it,  but 
if  a  resisting  log,  rock  or  other  obstruction  is  introduced,  the  obstruc- 
tion is  undermined  and  often  buried  and  covered  up  by  the  reaction 
which  it  develops  in  the  currents. 

In  Ex.  Doc.  78,  48th  Congress,  it  is  stated  that  "  The  mean  ordinary 
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velocity  at  the  Narrows  (New  York  Bay),  is,  during  the  ebb  tide,  about 
2  ft.  per  second,  and  from  this  a  depth  of  100  ft.  results. "  This  does  not 
follow,  as  there  are  numerous  sandy  bars  having  a  much  greater  mean 
velocity  over  them  which  lie  at  depths  less  than  10  ft.  from  the  sur- 
face. Manifestly,  it  is  not  velocity,  therefore,  that  constitutes  the 
working  force  to  produce  scour,  but  reaction,  just  as  when  impounded 
waters  are  dammed  back  prior  to  escaping  through  a  breach,  when  the 
increased  head  and  contraction  react  upon  the  bottom,  affecting  the 
entire  volume  and  producing  deep  eddies.  In  the  case  of  a  single 
obstructing  pier  head,  the  effects  will  often  extend  to  depths  of  50  ft. 
or  more,  depending  on  the  intensity  and  direction  of  the  currents, 
scouring  out  the  material  and  depositing  it  in  the  lee  of  the  pier.  In 
the  case  of  the  Narrows,  above  cited,  it  is  not  the  ebb  which  scours, 
but  the  flood  current,  the  resultant  of  which  is  near  the  bottom  and 
which  runs  for  eleven  hours  out  of  twelve  up  stream  or  into  the 
Upper  Bay,  indicating  a  huge  vertical  eddy.* 

The  principle  of  concentration  or  trailing  by  convergent  or  parallel 
jetties,  on  the  other  hand,  has  been  applied  frequently  by  maritime 
engineers,  but  generally  without  producing  the  desired  results  unless 
aided  by  dredging.  The  most  successful  instances  of  this  method  are 
those  at  the  mouths  of  large  rivers  which  debouch  into  nearly  tideless 
seas,  as  at  the  Sulina  mouth  of  the  Danube,  built  by  Sir  Charles 
Hartley;  the  South  Pass,  by  the  late  James  B.  Eads,  M.  Am.  Soc.  C.  E. , 
and  the  Tampico  jetties,  by  E.  L.  Corthell,  M.  Am.  Soc.  C.  E. ;  but 
for  purely  tidal  entrances  the  effect  of  the  two  jetties  is  to  invert  the 
natural  trumpet-shaped  opening  and  to  diminish  the  area  of  the  gorge, 
which  is  transferred  to  the  crest  of  the  bar,  thus  reducing  the  tidal 
volumes,  preventing  the  complete  filling  of  the  interior  compartment 
and  requiring  the  same  volume  to  move  in  both  directions  over  the 
same  path.  The  effest,  therefore,  is  to  minimize  the  movement  and 
reduce  the  resultant  to  zero.  Probably  the  most  successful  tidal 
harbor  improved  by  convergent  jetties  is  that  of  Dublin,  where  the 
improvement  is  largely  due  to  a  gap  of  600  ft.  left  in  the  "Great 
North  Wall,"  or  jetty,  near  its  shore  end,  to  admit  the  flood  tide 
which  passes  over  the  North  Bull  Sands,  and  which  flows  out  chiefly 
through  the  jetties  because  of  the  form  of  the  basin  and  the  great 
range  of  the  tides,  which  is  there  about  13  ft. 

*  Ms.  Report  of  Professor  Henry  Mitchell,  U.  S.  C.  &  G.  Survey  Office,  or  "  Harbor 
Studies  "  by  the  author.    Library.  Am.  Soc.  C.  E. 
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The  following  extracts  from  a  paper  read  May  20th,  1879,  by  John 
Purser  Griffith,  Assoc.  M.  Inst.  C.  E.,  on  "The  Improvement  of  the 
Bar  of  Dublin  Harbor  by  Artificial  Scour,"  will  serve  to  illustrate  this 
point  : 

"  Mr.  Giles  recommended  that  an  opening  should  be  left  at  the 
shore  end  of  the  proposed  wall  600  ft.  wide,  to  allow  of  a  free  passage 
for  the  tidal  waters  north  of  the  Green  or  Bull  Island,  as  the  sand  island 
on  the  North  Bull  was  called.  This  opening  had  been  proposed  by 
Captain  Corncille  in  1802;  but  at  that  time  the  Directors  General  of 
Inland  Navigation  feared  that  the  flood  tide  flowing  through  this  open- 
ing would  carry  sand  from  the  North  Bull  into  the  harbor,  and  that  the 
injury  thus  done  to  the  port  might  more  than  counterbalance  any  ad- 
vantage to  be  gained  by  the  opening. 

"  In  1835  Sir  William  Cubitt  reported  upon  the  state  of  the  harbor. 
Referring  to  the  improvement  of  the  bar,  he  says:  'The  great  increase 
of  depth  and  improved  channel  over  the  bar  I  attribute  entirely  to  the 
erection  of  the  Great  North  Wall,  a  measure  founded  upon  sound  prin- 
ciples, and  carried  into  effect  in  a  manner  well  calculated  to  effect  the 
desired  purposes— viz. ,  that  of  checking  the  influx  of  sand  upon  the 
flood  tide  from  the  North  Bull  into  the  harbor,  and  giving  an  increased 
impetus  at  the  ebb  tide  by  means  of  narrowing  the  stream,  and  confining 
it  to  a  direction  suitable  for  keeping  open  the  best  channel,  the  effect  of 
which  is  ah'eady  shown  by  an  increased  depth  of  5  ft.  over  the  east  bar 
since  the  erection  of  the  Great  North  Wall. ' 

"  Captain  Washington,  in  his  report,  written  in  1845,  on  the  harbor 
of  Dublin,  as  one  of  the  Tidal  Harbors  Commissioners,  referred  to  the 
Great  North  Wall  as  follows :  '  The  propriety  of  this  measure,  which 
involved  so  heavy  an  expenditure,  has  been  a  subject  much  controverted 
amongst  persons  connected  with  the  port;  but  it  is  believed  that  there 
is  now  but  one  opinion  as  to  its  beneficial  effects,  and  that  the  plan 
evinced  both  good  judgment  and  skill. ' 

' '  There  are  few,  if  any,  similar  cases  of  a  bar  and  entrance  channel 
to  any  harbor  being  increased  in  depth  like  that  of  Dublin,  viz. ,  about 
7  ft.  in  thirty  years,  and  I  think  great  credit  is  due  to  those  who 
designed,  as  well  as  those  who  execiited  works  which  have  achieved  so 
important  a  result. 

"  The  improvement  of  Dublin  Harbor  entrance  ranks  second  to  none. 
There  is  no  other  example,  so  far  as  the  author  is  aware,  of  the  con- 
struction of  an  artificial  estuary  for  scouring  purposes  which  has  proved 
so  successful. 

"  In  the  discussion  Mr.  Abernethy,  Vice-President,  said  he  thoughl 
attention  should  be  directed  to  the  construction  of  works  which  would 
tend  to  increase  the  tidal  volume,  and  at  the  same  time  to  prolong  the 
action  of  the  outgoing  currents  from  the  period  of  half  ebb  towards  low 
water. 
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"  Mr.  Bergeron  stated  it  was  very  difficult,  almost  impossible,  to 
dredge  sand  bars  in  an  open  sea. 

"  Mr.  Vernon- Harcortrt  said  that  to  diminish  the  tidal  capacity 
within  a  harbor  was  the  worst  thing  that  could  possibly  be  done. 

"  Mr.  Griffith  said:  '  Prior  to  the  construction  of  the  Great  North 
Wall  the  ebb  of  a  spring  tide  attained  a  velocity  of  1\  miles  per  horn- 
across  the  bar,  while  at  present  it  reached  nearly  3|  miles,  showing  an 
increase  of  about  2  miles  per  hour.  He  did  not  believe  that  very  high 
velocities  were  efficient.  Several  instances  might  be  named  in  which 
high  velocities  were  attained,  and  yet  the  scour  was  a  failure. 

"  Mr.  Stoney  thought  that  though  there  might  be  some  doubt  as  to 
the  authorship  of  the  Great  North  Wall,  there  could  be  none  as  to  its 
complete  success." 

From  this  quotation  it  appears  that  some  of  the  best  authorities  in 
the  world  recognize  an  increase  in  depth  of  7  ft.  in  thirty  years  as 
being  beyond  precedent,  yet  at  Aransas  Pass,  with  an  incompleted 
reaction  breakwater,  having  large  gaps  at  both  extremities,  a  feeble 
tide  (only  14  ins.),  and  a  serious  submerged  obstruction  almost  com- 
pletely blocking  the  channel,  the  depths  have  progressively  increased 
from  about  6  ft.  to  an  average  of  over  18  ft.  in  a  few  years,  while  in 
some  places  there  are  depths  of  23  ft. ;  so  that  instead  of  a  deepening 
at  the  rate  of  1  ft.  in  over  four  years,  the  figures  are  reversed  and 
show  over  4  ft.  in  one  year,  a  rate  which  is  about  twenty  times 
greater  than  the  best  heretofore  recorded. 

These  results  are  the  more  remarkable  as  they  have  been  obtained 
without  the  aid  of  dredging,  and  on  a  bar  which  is  composed  of  hard, 
fine  sand,  so  compact  that  a  boat  hook  or  the  blade  of  an  oar  does  not 
penetrate  it;  so  solid  is  it,  that  a  Board  of  Engineers,  in  1889,  said  of 
this  bar  that  "  The  necessary  results  could  not  be  obtained  without 
extensive  and  almost  constant  dredging,  which  would  involve  incalcu- 
lable expense." 

As  early  as  1871,  the  project  of  obtaining  a  navigable  channel  over 
the  Aransas  Bar  was  pronounced  impracticable  because  of  its  cost. 
The  report  of  the  United  States  Engineers  of  1871  stated  that  "The 
cost  of  building  a  jetty,  from  Mustang  or  St.  Joseph's  Island  towards 
the  bar,  which  would  be  able  to  resist  the  action  of  the  storms  upon 
the  quicksand  foundation,  must  be  an  insuperable  objection  to  any 
such  experiment;"  yet  it  was  finally  considered  expedient,  and  it  was 
further- estimated  in  1879  that,  to  obtain  a  12-ft.  channel  would  cost 
$759  185.     (The  ruling  depths  are  8  to  81  ft.)     Work  was  commenced 
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on  this  project  in  1880  and,  after  an  expenditure  of  $550  416,  up  to 
June,  1890,  it  was  discontinued,  with  a  resulting  depth  of  1\  ft.  In 
1887  the  project  was  modified  "  to  secure  and  maintain  a  channel 
depth  of  not  less  than  20  ft.,"  and  the  same  report  stated  that  "  The 
original  estimated  cost  of  this  work,  as  here  revised,  is  $2  052  543.72." 

Cost  of  the  Reaction  Beeakwatek. 

As  the  Government  abandoned  the  work  at  Aransas  and  concen- 
trated its  appropriations  on  Galveston,  a  private  company,  known  as 
the  Aransas  Pass  Harbor  Company,  was  incorporated,  March  22d, 
1890,  and  soon  thereafter  secured  a  large  land  bonus  and  proceeded  to 
construct  another  jetty  which,  like  its  predecessor,  was  erroneously 
located  on  the  southerly  side  of  the  Pass.  It  proved  to  be  a  failure, 
as  was  predicted,  but  seemed  to  be  a  necessary  part  of  the  experience 
of  the  Company. 

At  a  later  date  the  Company  was  reorganized,  and  it  was  then  deci- 
ded to  give  the  reaction  breakwater  a  trial  by  building  only  half  of  it, 
for  which  half  depths  of  15  ft.  were  predicted.  Work  was  commenced 
in  August,  1895,  and  in  a  few  months  the  bar  deepened  to  13  ft. ;  but, 
unfortunately,  the  remains  of  the  original  Government  jetty  were  then 
uncovered  and  found  to  be  still  in  place,  lying  across  the  proposed 
channel,  although  previously  officially  reported  to  have  "disap- 
peared." The  building  of  the  breakwater  to  high  water  intersected 
this  old  work  and  formed  a  pocket  which  arrested  the  sand  and  pre- 
vented scour,  while  the  Harbor  Company  failed  to  remove  the 
obstructing  jetty,  as  advised  to  do,  until  the  winter  of  1896-97,  when 
a  contract  was  made  with  Col.  C.  P.  Goodyear  to  complete  the  work, 
he  to  advance  all  the  funds  and  assume  all  risks. 

He  exploded  some  23  350  lbs.  of  dynamite  on  the  old  jetty  and  bar, 
causing  a  breach  of  about  500  ft.  in  length  near  the  breakwater,  but 
being  unable  to  secure  the  capital  in  time  to  continue  the  work,  he 
was  reluctantly  obliged  to  surrender  his  contract  in  May,  1897.  Since 
that  time  no  work  has  been  done.  About  \  mile  of  the  breakwater 
near  the  center  was  built  to  full  dimensions;  the  shore  flank  was  ex- 
tended to  its  minimum  limits,  but  of  a  contracted  section,  with  large 
gaps  through  which  the  ebb  currents  escaped  seaward  and  the  sand 
entered  the  channel  during  flood  tide,  and  the  mat  was  laid  at  the 
outer  end  to  a  distance  of  1  000  ft.     All  this  work  was  done  by  Charles 
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Clark  &  Company,  of  Galveston,  and  notwithstanding  the  storms, 
which  have  been  violent,  and  the  alleged  quicksand,  there  is  no 
appreciable  loss  or  shrinkage  in  the  sections  of  the  structure,  which 
has  stood  more  than  three  years,  in  a  very  exposed  position,  doing  ex- 
cellent service. 

The  total  length  of  the  structure  as  designed  is  6  200  ft.,  and  about 
$250  000  has  been  expended  on  it. 
The  quantities  were: 

JEtip-rap  (core) 47  246  cu.  yds. 

Cap  stones 9  183         " 

Mattress  work 17  000 

73  429 

Say  75  000  cu.  yds.  at  $3.33  per  yard,  and  the  cost  per  foot  of  depth 
gained,  to  date,  has  been  approximately  $25  000.  It  would,  doubtless, 
have  been  much  less  but  for  the  old  jetty,  which  is  still  a  serious  ob- 
struction and  menace  in  the  navigable  channel. 

As  the  total  length  of  this  work  is  less  than  half  that  required  by 
the  parallel-jetty  system,  it  is  evident  that  its  cost  will  be  much  less 
while  its  efficiency  is  much  greater,  as  it  creates  and  maintains  its  own 
channel. 

An  official  report  of  a  thorough  survey  made  in  January  and  Feb- 
ruary, 1899,  by  the  United  States  Coast  and  Geodetic  Survey  states, 
inter  alia : 

That  during  the  "winter  the  weather  was  so  bad  that  it  was  only 
practicable  to  get  on  the  bar  for  survey  purposes  about  one  day  out  of 
each  week,  and  that  "very  heavy  gales  prevailed  with  terrific  force 
with  the  wind  from  the  north-north-east." 

"  In  1895  the  Aransas  Pass  Harbor  Company  constructed  a  jetty  in 
the  shape  of  the  letter  S  on  the  north  side  of  the  entrance,  which  is 
still  in  existence,  and  ever  since  its  construction  there  has  been  a 
marked  increase  in  the  depth  of  water  on  the  bar.  The  present  channel 
crosses  the  Mansfield  jetty,  portions  of  which  are  still  in  existence.  An 
attempt  was  made  to  remove  this  by  explosion  of  dynamite,  with  the 
result  that  the  rocks  scattered  over  considerable  area,  and  without 
doubt  they  prevent  the  current  from  scouring  the  bottom  to  its  full 
capacity.  *  *  *  It  is  my  opinion  that  by  the  completion  of  the 
present  jetty  and  the  clearing  away  of  the  rock  in  the  entrance  that  a 
channel  of  at  least  20  ft.  in  depth  would  soon  be  secured." 

This  report,  taken  as  a  whole,  confirms  in  every  particular  the  pre- 
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dictions  of  the  inventor  as  to  the  results  to  be   expected   and    the 

features  embodied  in  a  breakwater  of  this  peculiar  form  and  position. 

The  conditions  which  this  structure  was  designed  to  fulfill  were: 

1.  That  it  should  arrest  the  littoral  drift  of  sand  and  defend  the 
channel  from  its  encroachments — hence  it  must  be  placed  to  "  wind- 
ward" of  the  proposed  channel. 

2.  That  it  should  freely  admit  the  full  tidal  prism  during  the 
entire  period  of  flood  tide,  that  there  might  be  no  reduction  of 
volume  at  ebb;  consequently  it  was  detached  from  shore,  there  being 
a  gap  of  nearly  1  800  ft.  left  open  at  the  inner  end. 

3.  That  it  shoxild  catch  and  control  the  greater  part  of  the  dis- 
charge at  ebb  and  confine  it  locally  to  a  narrow  path  across  the  bar, 
thus  changing  the  conditions  of  equilibrium  of  the  tidal  movements 
largely  in  favor  of  the  ebb. 

4.  It  should  be  a  compound  and  reverse  curve,  concave  to  the 
channel,  and  have  such  radii  as  to  produce  the  best  dimensions  of 
waterway  consistent  with  the  volume  of  discharge,  so  as  to  develop  a 
continuous  reaction  entirely  across  the  bar  and  at  the  same  time  afford 
a  good  navigable  channel. 

5.  It  should  also  be  so  adjusted,  with  reference  to  the  axis  of  the 
discharge,  as  to  receive  the  same  tangentially  and  train  it  across  the 
bar  without  creating  abrupt  points  of  incidence,  causing  inequality  of 
depths,  and,  at  the  same  time,  not  producing  so  much  compression 
as  to  cause  undermining  and  ultimate  destruction  or  large  expense 
for  maintenance. 

6.  It  should  also  control  a  sufficient  volume  to  prevent  any 
encroachment  of  drift  from  the  opposite  side  of  the  channel  during 
the  season  of  change  in  the  direction  of  angular  wave  movements,  and 
thus  construct  its  counterpart  of  sand  to  aid  in  controlling  the  cur- 
rents, without  cost. 

7.  It  should  not  promote  the  growth  of  the  bar  seaward  by  the 
deposit  of  the  material  removed  from  the  channel  on  the  outer  slope  of 
the  bar. 

8.  It  should  rise  above  high  water  to  afford  an  aid  to  navigation  by 
breaking  the  waves  and  indicating  the  position  of  the  channel. 

9.  It  should  be  so  located  as  to  develop  the  channel  across  that  part 
of  the  entrance  where  the  bar-building  forces  are  weakest,  thus  giving 
quicker  and  more  permanent  results. 


514  HAUPT   ON"   REACTION    BREAKWATER.  [Papers. 

That  this  single,  detached,  reaction  breakwater  fully  satisfies  the 
foregoing  requirements,  even  under  adverse  circumstances  and  in  an 
incomplete  state,  is  demonstrated  sufficiently  by  the  work  done  at 
Aransas  Pass,  as  shown  by  the  progressive  deepening  and  enlargement 
of  the  channel  since  the  breach  was  made  in  the  old  Government  jetty 
by  Colonel  Goodyear  in  1897.  That  it  is  a  stable,  permanent  and 
economical  structure  is  also  shown  by  the  condition  of  the  work  after 
tests  by  severe  storms  and  by  years  of  exposure.  That  it  has  a  remark- 
able power  of  producing  erosion  is  shown  by  the  fact  that  in  February, 
1895,  the  distance  across  the  bar  between  the  15-ft.  contours  on  the 
inside  and  outside  was  3  650  ft.,  or  nearly  |  of  a  mile,  which  has  been 
cut  through  except  a  few  hundred  feet,  giving  a  navigable  channel  at 
mean  low  water  of  over  14  ft.,  and  without  material  advance  of  the 
bar  seaward. 

It  is  not  doubted  by  competent  authorities  that  if  the  breakwater 
had  been  completed  in  the  ten  months,  as  originally  proposed,  and 
the  old  jetty  had  been  promptly  removed  when  discovered  in  situ,  the 
predicted  20  ft.  would  have  been  secured  ere  now,  and  without  aid 
from  dredging,  while  the  channel  would  have  been  self-maintaining. 

In  short,  this  simple  structure  marks  a  distinct  advance  in  the 
resources  of  maritime  engineers  in  the  improvement  of  ocean  bars, 
with  great  economy  in  cost  of  construction  and  maintenance,  and  large 
saving  of  time.  It  is  the  result  of  about  25  years  of  research  and  over 
11  years  of  effort  to  secure  a  practical  demonstration,  and  it  has  now 
reached  a  point  sufficient  to  prove  its  great  utility. 

It  is  but  just  to  add  that  these  unprecedented  results  were  probably 
unknown  to  the  Board  of  Engineers  which  stated  in  1897  "that  the 
value  to  the  Government  of  the  works  of  the  Aransas  Pass  Harbor 
Company  for  the  improvement  of  Aransas  Pass,  Tex.,  is  nothing,"  and 
that  the  same  Board  in  reporting  on  the  same  subject  December  17th, 
1898,  therefore  urged  the  removal  of  the  outer  1  000  ft.  of  foundation; 
the  construction  of  a  sill  40  ft.  wide  and  3  ft.  deep,  which  would  have 
obstructed  the  tides  by  closing  the  opening  at  the  shore  end;  the 
construction  of  a  parallel  straight  jetty  on  the  southerly  side  of  the 
channel  and  other  works,  supplemented  by  the  dredging  of  750  000  cu. 
yds.  at  an  estimated  cost  of  $1  525  000.  This  estimate  was  met  by  a 
proposition  from  a  responsible  firm  of  contractors  to  guarantee  the 
20-ft.  channel  within  2  years  at  a  cost  of  less  than  half  of  the  above 
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sura,  with  the  result  that  Congress  concluded  to  appropriate  #60  000  to 
remove  the  obstructing  portion  of  the  old  Government  jetty,  and 
permitted  the  incomplete  breakwater  to  remain  unmolested,  that  it 
might  continue  to  deepen  the  channel  by  natural  agencies  and  so 
further  demonstrate  its  utilities.  At  that  date  the  reported  depth  was 
13  ft.  4  ins.,  while  since  then  it  has  increased,  within  a  few  months,  to 
about  18  ft.  at  the  same  point,  thus  confirming  the  wisdom  of  this 
action.  With  the  gaps  closed  and  the  structure  completed,  there 
should  result,  in  a  short  time,  the  full  depth  of  20  ft.,  as  predicted, 
and  at  a  cost  considerably  less  than  half  of  that  of  the  parallel  jetties, 
as  originally  proposed.  The  manifest  economies  of  this  method  should 
suffice  to  commend  it  for  more  general  use  in  the  improvement  of  bars 
on  alluvial  coasts  where  there  is  a  resultant  littoral  drift. 

The  writer  desires  to  acknowledge  his  indebtedness  to  Major  H.  C. 
Ripley,  M.  Am.  Soc.  C.  E.,  and  George  Y.  Wisner,  M.  Am.  Soc.  C.  E., 
consulting  engineers,  for  assistance  in  preparing  the  specifications  and 
for  their  unshaken  confidence  in  the  results  to  be  expected  from  this 
plan  from  its  inception,  as  well  as  to  Colonel  C.  P.  Goodyear  for  his 
successful  effort  to  breach  the  old  jetty,  and  thus  enable  the  partially 
controlled  currents  to  reach  the  crest  of  the  bar. 

The  work  was  done  under  the  efficient  supervision  of  Major  William 
Dunbar  Jenkins,  M.  Am.  Soc.  C.  E.,  resident  engineer  for  the  Harbor 
Company,  and  his  assistants,  Messrs.  Pitts  and  Collins. 
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THE  THEORY  OF  THE  REACTION  BREAKWATER. 

It  was  the  purpose  of  the  writer  to  submit  only  a  brief  statement 
of  physical  conditions  and  results  secured  under  very  adverse  circum- 
stances, but,  in  deference  to  the  opinions  of  the  Committee  on  Publica- 
tions, a  digest  of  the  researches  which  led  to  the  development  of  this 
form  of  breakwater  is  added  to  supplement  the  subject. 

The  numerous  and  conflicting  conclusions,  reported  after  careful 
instrumental  surveys  made  to  determine  the  direction  and  intensity  of 
the  forces  operating  upon  ocean  bars,  led  the  writer  to  give  them  but 
little  weight,  and  to  conclude  that  the  best  guide  in  such  cases  was  to 
be  found  in  a  correct  interpretation  of  the  resultant  hydrographic 
features  as  revealed  by  a  study  of  comparative  charts.  This  method 
is  best  applied  to  alluvial  coasts  where  the  mateiial,  being  more  or 
less  mobile  or  plastic,  is  moulded  by  the  ever-varying  forces  of  winds, 
waves,  tides  and  currents,  the  resultant  effect  of  which  is  manifested 
by  the  form,  size  and  location  of  the  adjacent  and  submerged  shoals, 
dunes  and  other  features;  in  short,  it  is  a  deduction  of  cause  from 
effect  and  is  characterized  by  certain  typical  forms  and  directions  of 
movement,  so  that  a  comprehensive  as  well  as  detailed  study  of  the 
records  covering  an  extended  period  of  time  are  important  factors  in 
solving  problems  of  this  class. 

The  writer,  therefore,  gave  considerable  time  to  the  investigation 
of  the  literature  and  charts  pertaining  to  harbor  inlets,  both  at  home 
and  abroad,  making  personal  visits  to  the  more  important  works,  and 
was  surprised  to  find  how  small  a  percentage  were  designed  with  a 
view  to  utilize  the  natural  forces  for  deepening  and  maintenance.  He 
prepared  several  papers  discussing  and  classifying  these  problems, 
which  have  appeared  in  various  scientific  periodicals.* 

*  "  Harbor  Studies."    Proceedings,  Engineers'  Club  of  Philadelphia,  Jan.  16th,  1886. 

"  The  New  York  Entrance."     Proceedings.  Engineers*  Club  of  Philadelphia,  Feb.  6th, 

1886. 

"The  Delaware  Breakwater.""  Proceedings,  Engineers'  Club  of  Philadelphia,  Feb 
20th,  1886. 

"Problem  of  the  New  York  Entrance."  Proceedings,  Am.  Assoc,  for  Advancement  of 
Science,  Aug.  20th,  1886. 

"Improvement  of  Tidal  Rivers. ""    Journal  of  the  Franklin  Inst.,  Sept.,  1887. 

"  Improvement  of  the  Port  of  Philadelphia,"    Journal  of  the  Franklin  Inst.,  Oct.,  1887. 

"The  Physical  Phenomena  of  Harbor  Entrances:  Their  Causes  and  Remedies." 
Proceeding*.  Amer.  I'hil  Soc,  1888.  (This  paper  received  the  award  of  the  Magellanic 
Premium,  Dec.  Kith.  1887.) 

"  Discussion  of  the  Dynamic  Action  of  the  Ocean  in  Building  Bars,  etc.,  being  a  reply 
to  Report  of  the  Board  of  Engineers,  U.  S.  E."    Proceedings,  Amer.  Phil.  Soc  ,  March,  1889. 

{This  list  continued  in  the  foot-note  to  page  517.) 
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The  result  of  these  investigations  led  to  the  following  conclusions: 

(1)  That  in  many  places  there  were  cyclic  movements  of  the  bars 
and  channels  produced  by  the  resultant  of  the  external  littoral  forces 
which  were  the  bar-building  agents,  and  which  predominated  over  the 
internal  or  ebb  currents  which  were  the  bar-destroying  elements. 

(2)  That  maritime  engineers,  in  their  efforts  to  improve  purely  tidal 
entrances,  had  greatly  reduced  the  tidal  energy  by  constructing  two 
parallel  or  convergent  jetties  from  the  shore  line  to  the  bar,  thus  ob- 
structing the  free  ingress  of  the  tide  upon  which  they  were  dependent 
for  both  volume  and  velocity  at  ebb,  and  that  such  construction  con- 
fined the  movements  at  all  stages  of  both  ebb  and  flood  to  the  same 
path  across  the  bar,  thus  producing  no  changes  of  equilibrium  in  favor 
of  the  ebb  and  requiring  constant  expense  for  bar  removal  and  main- 
tenance between  jetties  by  dredging. 

(3)  That  in  the  construction  of  jetties,  where  there  is  a  resultant 
littoral  drift,  the  wrong  one  is  sometimes  bruit  first,  thus  arresting  the 
drift  and  causing  the  bar  to  advance  seaward  (in  one  case  nearly  3 
miles),  thus  greatly  increasing  the  cost. 

(4)  That  no  attempt  had  been  made  to  utilize  the  reaction  principle 
to  effect  a  local  scour  across  an  ocean  bar  similar  to  that  existing  in 
.all  concave  bends  of  streams. 

The  writer,  therefore,  believed  that,  by  a  radical  departure  from 
the  existing  practice,  there  were  numerous  localities  where  a  single 
structure  of  proper  form  and  position  might  be  made  to  utilize  all  the 
available  forces  of  Nature  to  assist  in  creating  a  better  channel  across 
ocean  bars  and  fulfill  all  the  requirements  as  set  forth  in  the  first  portion 
of  this  paper,  but  as  no  precedent  existed  and  he  must  needs  establish 
the  correctness  of  the  theory,  applications  were  made  in  January, 
1888,  to  the  Board  of  Engineers,  TJ.  S.  A.,  for  a  report  on  his  plans, 
followed  by  requests  to  the  Chiefs  of  Engineers,  under  dates  of  June 
30th,  July  30th  and  September  14th,  1888,  for  permission  to  make 
a  demonstration,  at  a  site  to  be  agreed  upon.  These  requests  were 
never  even  acknowledged,  although  the  letters  were  doubtless  received, 
since  they  were  not  returned,  while  the  Board  made  an  adverse  report 
to  the  Chief  of  Engiueers  on  March  16th,  1888,  concluding  with  these 
words:    The  Board  finds  that  Professor  Haujjt's  views   "  are   purely 

"Fire  Island  Inlet:  Is  it  Moving  East  or  West?"  Journal  of  the  Franklin  Inst., 
April,  1889. 

•  Report  on  the  Harbor  of  Wilmington,  Del."    March,  1888. 
"  Jetties  for  Improving  Estuaries."    Journal  of  the  Franklin  Inst.,  April,  1888. 
••  Harbor  Bar  Improvements."    Journal  of  the  Franklin  Inst.,  July,  1889. 
'•  Galveston  Harbor  Problem."    Journal  of  the  Franklin  Inst.,  Oct.,  1891. 
"  How  to  Obtain  Deep  Water  on  the  Gulf."    Pub.  Doc.  S.  1583,  51st  Congress,  1st  Ses- 
sion, Jan.,  1891. 

"  Plans  for  Improvement  of  Entrance  of  Rio  Grande  do  Sul,  Brazil,"  1888. 
"  Littoral  Movement  of  the  New  Jersey  Coast,  with  Remarks  on  Beach  Protection 
and  Jetty  Reaction."     Transactions,  Am.  Soc.  C.  E.,  Sept.,  1890. 

(Most  of  the  papers  cited  in  this  list  will  be  found  in  the  library  of  the  Society.) 
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theoretical,  are  unconfirmed  by  experience  and  contain  nothing  not 
already  well  known,  which  has  a  useful  application  in  the  improve- 
ment of  our  harbors." 

The  writer  only  learned  of  the  existence  of  this  report  by  accident 
at  a  later  date,  when  it  was  quoted  against  his  plans.  He  then  dis- 
cussed the  report,  forwarding  copies  thereof  to  the  members  of  the 
Board  and  the  then  Chief  of  Engineers,  but  received  no  reply.  It  was 
therefore  impossible  to  "confirm  the  theory  by  experience,"  and  there 
was  no  alternative  but  to  await  a  favorable  opportunity,  which  did  not 
arrive  until  1895,  when,  everything  else  having  failed  at  Aransas  Pass, 
where  over  $500  000  had  been  spent  by  the  Government  in  futile  efforts 
to  secure  20  ft.  of  water,  a  private  party  finally  concluded  to  build  half 
of  the  reaction  breakwater  on  a  predicted  depth  of  15  ft.  for  this  part 
of  the  work.  This  depth  has  now  been  exceeded,  but  only  after  a 
breach  was  made  in  the  obstructing  Government  jetty,  officially 
reported  to  have  disappeared  prior  to  the  beginning  of  the  work. 
The  partially  controlled  currents  have  actually  removed  about  400  000 
cu.  yds.  of  compact  sand  from  the  bar  without  the  aid  of  a  dredge  or 
other  mechanical  appliance,  and  have  prevented  the  deposition  in  the 
channel  of  a  much  larger  volume  driven  along  the  coast  by  the  angular 
wave  movements. 

The  theory,  therefore,  which  has  been  successfully  applied  at  this 
admittedly  difficult  and  unpromising  location,  was  to  protect  the  bar 
crossing  near  its  weakest  point  from  the  drifting  sand  by  a  resisting 
mass  of  rock  so  placed  as  to  develop  a  continuous  reaction  across  the 
bar  by  the  ebb  currents,  preventing  their  expanding  over  the  entire 
external  sector  and  conserving  the  energy  of  the  effluent  stream  until  it 
reached  the  deep  water  of  the  Gulf. 

As  means  to  this  end  the  breakwater  is  detached  from  the  shore  to 
permit  the  tidal  compartments  of  the  inner  bays  to  be  filled  freely  by 
each  flood ;  it  is  also  composed  of  curves  whose  radii  and  centers  are 
adjusted  to  the  site  in  such  manner  as  to  cause  deposits  on  the  outer 
side  of  the  structure,  thus  re-enforcing  it,  and  scour  on  the  inner  side, 
where  an  excess  of  foundation  material  revets  the  slope,  and  a  peculiar 
order  of  construction  is  adopted,  whereby  the  scour  is  assisted  by 
gravity  and  the  advance  of  the  bar  seaward  is  prevented. 

All  these  results  appear  to  have  been  fully  secured  by  the  work  thus 
far  done,  as  is  shown  by  the  Coast  Survey  report  of  February,  1899. 
Modifications,  however,  are  always  to  be  expected  in  depths  due  to 
variations  in  the  natural  forces,  but  the  progressive  deepening  created 
by  the  currents  gives  every  assurance  of  their  ability  to  maintain  the 
channel  they  have  already  created  and  which  would  be  still  further 
deepened  by  the  completion  of  the  work  as  designed. 

The  modifications  submitted  to  the  last  Congress  by  two  members 
of  the  Board  of  Engineers  in  their  report  of  December  17th,  1898,  are 
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shown  in  Fig.  1,  from  which  it  appears  that  it  was  proposed  to  return, 
as  nearly  as  might  be,  to  the  old-time  method  of  two,  nearly  parallel, 
jetties  and  the  closure  of  the  beach  entrance,  supplemented  by  dredg- 
ing at  a  cost  of  over  $  1  500  000.  This  plan,  if  adopted,  would  destroy 
the  effective  energy  of  the  currents  and  prevent  the  completion  of  the 
demonstration  of  the  principles  which  have  been  applied  thus  far  at 
this  entrance  with  unprecedented  success,  and  would  further  involve 
an  annual  expense  for  maintenance,  which  is  not  now  required. 

This  proposition,  however,  was  rejected  by  Congress,  which,  as 
stated,  made  an  appropriation  of  $60  000  to  resume  that  portion  of  the 
old  Government  jetty  which  crossed  the  channel  and  provided  that  no 
portion  of  the  reaction  breakwater  should  be  disturbed.  This  work 
was  recommended  by  the  United  States  District  Engineer,  June  8th, 
1899,  and  was  authorized  July  11th,  1899. 

As  a  part  of  the  evolution  of  the  improvement  of  ocean  bars  and 
in  confirmation  of  the  theory,  the  writer  desires  to  add  that  inde- 
pendent efforts  were  being  made  by  others  in  the  same  direction  and 
with  substantially  the  same  conclusions  as  to  the  primary  importance 
of  arresting  the  littoral  drift  and  of  concentrating  the  scouring  force 
by  a  single  curved  breakwater  instead  of  controlling  the  ebb  move- 
ments by  means  of  two  jetties.  As  early  as  1883,  Mr.  H.  C.  Eipley, 
then  United  States  Assistant  Engineer  to  Colonel  S.  M.  Mansfield, 
.stationed  at  Galveston,  Tex.,  designed  a  concave,  detached  breakwater 
for  that  entrance,  to  be  placed  on  the  windward  side  of  the  channel, 
which  was  approved  by  Colonel  Mansfield  and  recommended  to  the 
Chief  of  Engineers  for  adoption,  in  a  letter  dated  March  19th,  1884. 
This  design  is  shown  in  the  Report  of  the  Chief  of  Engineers  for  1884, 
opposite  page  1300,  and  designated:  "  Site  of  North  Jetty,  proposed 
by  Colonel  Mansfield." 

This  coincidence,  in  connection  with  Mr.  Wisner's  work,  both  at 
the  South  Pass  and  at  the  mouth  of  the  Brazos,  led  to  the  formation 
of  the  Board  of  Consulting  Engineers  for  Aransas  Pass  by  Mr. 
Brewster  Cameron,  which  consisted  of  H.  C.  Ripley,  George  Y. 
Wisner  and  the  writer.  Their  predictions  have  been  fully  verified  by 
the  results  secured  by  natural  scour  after  the  partial  removal  of  the 
unexpected  obstructions. 

A  propos  of  the  severe  floods  in  the  basin  of  the  Brazos  River, 
Texas,  in  July,  it  was  expected  that  the  larger  volume  discharging 
with  greater  velocity  over  the  bar  at  its  mouth  between  parallel  jetties 
would  materially  improve  the  depth.  On  the  contrary,  the  soundings 
showed  but  15  ft.  in  several  places,  thus  demonstrating  the  relative 
superiority  of  the  principle  of  reaction  by  a  single  jetty,  as  applied 
at  Aransas,  to  that  of  concentration  by  twin  jetties  at  the  Brazos 
River  bar. 
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The  object  of  this  paper  is  to  describe  briefly  the  results  of  a  three- 
mouths'  test  of  a  mechanical  filter,  which  has  recently  been  installed 
for  the  East  Providence  Water  Company,  at  East  Providence,  R.  I. 

The  New  York  Filter  Manufacturing  Company,  of  New  York  City, 
furnished  the  filter,  which  is  of  a  type  known  as  the  Jewell  Gravity 
Filter. 

The  entire  work,  including  the  filter  house  and  pure-water  well, 
shown  on  Plate  VIII,  Figs.  1  and  2,  was  designed  and  built  under 
the  direction  of  the  writer,  who  acted  as  Consulting  Engineer  for  the 
New  York  Filter  Manufacturing  Company. 

The  average  daily  quantity  of  water  furnished  to  its  consumers  by 
the  East  Providence  Water  Company,  at  the  present  time,  is  about 
200  000  galls.  The  available  daily  capacity  of  the  filter  is  500  000 
galls.,  and  the  rate  of  filtration  125  000  000  galls,  per  acre  per  24 
hours.  The  filter  house,  pure-water  well  and  pipes  are  arranged  for 
a  future  addition  of  three  more  filters  of  the  same  design  and  capacity, 
when  demanded  by  the  requirements  of  the  service. 

Note.— These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published  in  a 
subsequent  number  of  Proceedings,  and,  when  finally  closed,  the  papers  with  discussion 
in  full  will  be  published  in  Transactions. 
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The  filter  was  run  throughout  the  test  under  ordinary  working 
conditions,  and  the  filtered  water  was  pumped  directly  into  the  mains 
and  supplied  to  the  consumers.  The  filter  was  in  charge,  under  the 
writer's  direction,  of  the  regular  pumping  engineer  of  the  East  Provi- 
dence Water  Company.  The  writer  gave  directions  from  time  to  time, 
but  did  not,  on  the  average,  visit  the  filter  plant  more  than  once  a 
week  during  the  test. 

The  chemical  analyses  were  made  by  Professor  John  Howard 
Appleton,  of  Brown  University.  The  bacteriological  work  was  done 
by  Dr.  Gardner  T.  Swarts,  Secretary  of  the  State  Board  of  Health  of 
Rhode  Island,  who  also  determined  the  color  and  alkalinity  of  the 
samples. 

The  samples  of  water  for  analysis  were  collected  by  the  pumping 
engineer  at  about  8  o'clock  in  the  morning,  the  filter-bed  generally 
being  washed  about  two  hours  earlier. 

In  a  report,  dated  March  12th,  1894,  describing  experiments  with 
experimental  filters,  made  under  the  writer's  direction,  in  Providence, 
from  February,  1893,  to  January,  1894,  inclusive,  the  writer's 
conclusions  are  given  to  the  effect  that  water  can  be  as  satis- 
factorily purified  by  first-class  mechanical  filtration  as  by  slow  sand 
filtration. 

Since  this  report  was  published,  elaborate  investigations,  made 
with  mechanical  filters,  at  Louisville,  Pittsburg  and  Cincinnati,  with 
waters  widely  different  from  the  water  supply  of  Providence,  have 
practically  substantiated  the  writer's  conclusions,  as  given  in  the 
Providence  report.  It  would  seem,  therefore,  that  after  taking  into 
consideration  the  additional  experimental  results  given  in  this  paper, 
which  were  obtained  with  a  filter  absolutely  in  practical  service,  as 
though  there  could  no  longer  be  any  reasonable  doubt,  if  such  may 
have  existed,  in  regard  to  the  practicability  and  efficiency  of  mechani- 
cal filtration,  and  that  henceforth,  in  the  broad  field  of  water  purifica- 
tion, mechanical  filtration  can  be  looked  upon  as  being  equally  as 
desirable  as  slow  sand  filtration. 

The  chemical  used  during  the  test  was  sulphate  of  alumina,  which 
was  added  to  the  raw  water  in  the  form  of  a  coagulant  solution,  pre- 
pared by  dissolving  one  part  of  sulphate  of  alumina  in  about  20  parts 
of  filtered  water.  The  solution  was  always  thoroughly  mixed  before 
being  used. 
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The  theory  of  mechanical  filtration,  when  sulphate  of  alumina  has 
been  added  to  the  filtered  water,  may  be  described  briefly  as  follows: 
The  alumina  causes  an  artificial  precipitation;  a  portion  of  the  alumina 
is  decomposed,  forming  sulphates  of  other  bases  and  a  flocculent  pre- 
cipitate of  aluminic  hydrate.  A  portion  of  it  also  combines  directly 
with  the  organic  matter  in  the  water,  coagulating  the  same  and  thus 
helping  to  increase  the  precipitation.  The  degree  of  color  of  the 
water  is  also  largely  reduced  by  the  uniting  of  the  precipitated  alumi- 
nic hydrate  with  the  coloring  matter  in  the  water. 

The  filter  was  first  put  in  service  on  February  25th,  1899,  and  it 
has  been  in  regular  operation  since  that  time.  The  test  was  com- 
menced on  March  13th,  which  was  as  soon  as  a  known  grade  of  sul- 
phate of  alumina  could  be  procured.  Previous  to  March  13th,  sul- 
phate of  an  inferior  grade  was  used,  and  was  added  to  the  raw  water 
at  rates  of  from  \  to  \  grain  per  gallon.  This  was  the  only  quality  of 
sulphate  of  alumina  which  could  be  purchased  in  Providence  at  the 
time,  and  the  percentage  of  Al2  03  which  it  contained  was  not  known. 

The  sulphate  of  alumina  used  during  the  test  and  special  experi- 
ments, contained  about  22%  of  Al2  0:J,  with  the  exception  that  during 
one  special  experiment  an  inferior  and  cheaper  grade  containing 
about  17.53%  of  Al2  0:i  was  used. 

The  sulphate  of  alumina  was  added  to  the  raw  water  at  the  rate  of 
1  grain  per  gallon,  with  the  exception  that  in  three  special  experi- 
ments |,  ro  and  J  grain  per  gallon  were  used. 

Tables  Nos.  1.  2,  3  and  4  give  all  the  results  obtained  during  the 
test,  with  the  exception  of  those  of  the  special  experiments,  Avhieh  are 
given  in  Table  No.  5. 

As  can  be  seen  by  Tables  Nos.  2,  3  and  4,  the  investigations  rela- 
tive to  the  chemical  constituents  and  the  color  and  alkalinity  of  the 
samples  were  concluded  on  May  31st. 

It  is  the  intention  to  continue  the  bacteriological  analyses,  at  least 
until  June  30th,  1899,  and  Table  No.  1  gives  all  the  results  which  have 
been  obtained  in  time  to  be  made  use  of  in  this  paper,  with  the  excep- 
tion of  those  of  the  special  experiments. 

Fig.  1,  Plate  VIII,  is  a  view  of  the  filter  house,  which  is  located 
aJjacent  to  the  pumping  station  of  the  East  Providence  Water  Com- 
pany, at  "  Hunt's  Mills."  On  the  right  of  the  plate  can  be  seen  a 
small  portion  of  one  end  of  the  pumping  station.     The  power  required 
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for  driving  the  agitator  and  wash  pump  is  furnished  by  a  turbine 
wheel  located  in  the  basement  of  the  pumping  station,  and  is  trans- 
mitted to  the  filter  house  as  shown  on  the  plate. 

Fig.  2,  Plate  VIII,  is  a  sectional  elevation  through  the  filter,  filter 
house  and  pure-water  well.  The  filter  and  auxiliaries  comprise  a  sedi- 
mentation basin,  a  crushed  quartz  filter-bed  having  an  area  of  about 
176  sq.  ft.,  a  pump  for  adding  the  coagulant  to  the  raw  water,  an  auto- 
matic controller  connected  to  the  main  discharge  pipe  of  the  filter  for 
maintaining  a  constant  rate  of  filtration,  a  pump  and  appliances  for 
washing  and  agitating  the  filter-bed  and  for  washing  out  the  sedimen- 
tation basin,  and  screens  connected  to  collecting  pipes  at  the  bottom  of 
the  filter-bed.  The  raw  water,  to  which  the  sulphate  of  alumina  has 
been  added,  enters  the  sedimentation  basin  through  the  valve  on  the 
supply  pipe  at  A,  and  is  deflected  by  a  curved  casting  in  such  a 
manner  that  it  is  caused  to  circulate  slowly  around  the  basin.  The 
water  rises  from  the  sedimentation  basin  through  the  central  pipe 
shown  in  Fig.  2,  Plate  VIII,  to  the  required  height  above  the  filter- 
bed.  The  water  passes  downward  and  outward  through  the  filter-bed, 
screens  and  collecting  pipes  to  the  main  discharge  pipe  and  control- 
ler, during  the  process  of  filtration,  and  inward  and  upward  through 
the  collecting  pipes,  screens  and  filter-bed,  when  the  filter-bed  is 
being  washed.  The  screens  prevent  the  quartz  or  any  foreign  sub- 
stances from  entering  the  collecting  pipes  and  passing  off  with  the  fil- 
tered water. 

The  depth  of  the  crushed  quartz  filter-bed  is  about  3.67  ft.  The 
sedimentation  basin  has  a  capacity  equal  to  a  flow  of  about  17  minutes 
when  the  filter  is  being  operated  at  the  normal  rate  of  125  000  000 
galls,  per  acre  per  24  hours. 

The  coagulant  pump  is  made  of  vulcanized  rubber,  and  consists  of 
six  hollow  arms  radiating  from  a  chambered  hub,  and  bent  in  the 
direction  of  rotation.  It  is  actuated  by  a  propeller,  situated  in  the 
main  supply  pipe,  by  the  aid  of  an  upright  shaft  and  bevel  gears. 
The  pump  gives  excellent  satisfaction,  and  its  displacement  is  remark- 
ably accurate. 

The  automatic  controller  is  of  a  new  and  original  design,  and  is  a 
decided  success.  A  careful  test  of  the  controller  was  made  when  it 
was  first  put  in  service,  the  flow  of  water  being  gauged  accurately, 
and  it  was  fouud,  during  a  five-hour  run  of  the  filter,  that  the  vari- 
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ation  in  the  rate  of  filtration  between  the  commencement  and  the  end 
of  the  run  was  less  than  one-half  of  1  per  cent. 

The  manner  in  which  the  filter  is  operated  is  as  follows:  At  the  end 
of  a  run,  or  immediately  before  starting  the  filter,  the  filter-bed  is 
washed  thoroughly  by  forcing  up  through  the  screens  and  filter-bed  a 
reverse  flow  of  filtered  water  under  pressure,  the  mechanical  rake  or 
agitator  being  operated  at  the  same  time,  which  adds  materially  to 
the  efficient  cleansing  of  the  filter-bed.  The  water  is  forced  up 
through  the  bed  and  the  agitator  is  kept  in  motion  until  the  water 
flowing  from  the  overflow  drain  pipe  is  as  clear  as  it  was  before  being 
used  for  washing  the  filter.  The  necessary  valves  are  then  operated, 
and  the  unfiltered  water,  to  which  the  sulphate  of  alumina  is  being 
added,  is  turned  on  the  filter.  The  sedimentation  basin  is  washed 
out  by  allowing  the  wash  water  at  the  top  of  the  filter-bed  to  pass 
down  into  the  basin  through  the  central  pipe  shown  in  Fig.  2,  Plate 
VIII,  and  thence  out  through  a  waste  pipe  at  the  bottom  of  the  basin. 
The  agitator  shaft  runs  through  the  central  pipe  and  carries  at  its 
lower  end  a  curved  nozzle.  As  the  agitator  shaft  is  revolved,  the 
nozzle  is  given  a  circular  motion,  and  the  rapid  current  of  water 
passing  through  it  is  thrown  to  all  parts  of  the  sedimentation  basin 
and  stirs  up  and  flushes  out  the  accumulated  sediment.  The  sedimen- 
tation basin  is  also  provided  with  a  manhole. 

The  averages  of  the  results  of  Tables  Nos.  1,  2  and  3  show  that  by 
the  process  of  filtration  there  was: 

99.20%"  less  bacteria  in  the  filtered  water  than  in  the  raw  water; 

6  %  less  total  solids  in  the  filtered  water; 

1  %  less  chlorine  in  the  filtered  water; 

61  %  less  ferric  oxide  in  the  filtered  water; 

38  %  less  aluminic  oxide  in  the  filtered  water; 

29  %  less  free  ammonia  in  the  filtered  water; 

63  %  less  albuminoid  ammonia  in  the  filtered  water; 

83  %  less  color  in  the  filtered  water; 

20  %  increase  of  hardness  in  the  filtered  water. 

Table  No.  4  shows  that  in  every  instance  the  filtered  water  was 
more  or  less  alkaline,  and,  consequently,  that  the  raw  water  was  suffi- 
ciently alkaline  to  more  than  decompose  the  1  grain  per  gallon  of 
sulphate  of  alumina  added  to  it. 
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TABLE    No.     1. — Bacteriological    Analyses    of    Samples,    by    Dr. 
Gardner  T.  S warts. 

Besults   obtained   during   the   time   that   1    grain   of   sulphate   of 
alumina  per  gallon  was  used, 

Bate  of  filtration,  125  000  000  galls,  per  acre  per  24  hours. 


Bacteria  per 

| 

Bacteria  per 

Cubic  Centi- 

Cubic Centi- 

Percent- 

Date. 

meter. 

age  of 
Redue- 

Date. 

age  of 

tion. 

Raw 

Filtered 

Raw 

Filtered 

Water. 

Water. 

Water. 

Water. 

Mar.    13 

768 

4 

99.49 

Apr.  27 

422 

9 

97.87 

•■       14 

595 

5.5 

99.08 

r'     28 

280 

2.5 

99.11 

Steri 

lized      fll 

ter-bed. 

"     29 

370 

6 

98.38 

"      lfi 

1299 

9 

99.31 

May     8 

266 

9 

96.62 

"       17 

1257 

7 

99.45 

9 

976 

3 

99.69 

18 

683 

4 

99.41 

•'     10 

708 

13.5 

98.09 

••      SI 

782 

1.5 

99.82 

"     11 

150 

5 

96.66 

Apr.      1 

499 

7 

98.60 

"     12 

466 

3.5 

99.25 

"        3 

636 

1.5 

99.76 

'•     13 

305 

4 

98.69 

4 

628 

2 

99.68 

"     15 

225 

1 

99.56 

545 

4 

99.27 

"     16 

238 

0.5 

99.79 

6 

855 

3 

99.65 

"     17 

306 

0.5 

99.83 

7 

1910 

19 

99.01 

"      18 

473 

0 

100.00 

8 

1009 
1  175 

6.5 
6.5 

99.36 
99.45 

"      19... 

210 

228 

0.5 
1 

99.76 

"       10 

"      20 

99.56 

"       11 

943 

9.3 

99.01 

"     22 

238 

0.5 

99.79 

"       12 

1  443 

9 

99.38 

279 

X 

99.64 

"       13 

336 

4.3 

98.73 

"     24 

228 

1 

99.56 

11 

Lost. 

798 

4 
1.6 

'■      25 

li     26 

275 

270 

0 
0.5 

100.00 

99.  SI 

99.81 

•'       17 

765 

7.5 

99.02 

"      27 

185 

1 

99.46 

18 

578 
865 

1.5 

11 

99.74 
98.73 

"      29 

454 
334 

4.5 
11.5 

99.01 

•'       19 

'•     30 

96.56 

80  .. 

546 
699 

3 
2 

99.45 
99.71 

"      31 

June    8 

458 
331 

10 
4 

97.82 

"       21 

98.79 

"       22 

499 
293 

3 
3 

99.40 
98.98 

"       9... 

494 
341 

5.6 
6.3 

98.86 

"       24 

"      10 

98.15 

"       25 

697 

0.5 

99.93 

"      12 

354 

0.3 

99.92 

"       26 

724 

11 

98.48 

"      13 

243 

2 

99.18 

570 

4.5 

99.20 

Special  experiments  were  made  from  March  20th  to  30th,  from  May  1st  to  6th  and 
from  June  1st  to  7th. 

The  bacteria  in  the  different  samples  were  cultivated  during  periods  of  from  five  to 

six  (lays. 

Special  attention  is  also  called  to  the  fact  that  Table  No.  1  shows 
that  the  average  number  of  bacteria  per  cubic  centimeter  found  in  the 
samples  of  filtered  water  is  less  than  5,  and  that  the  above  summary 
shows  that  the  filtered  water  contained  38%  less  alumina  than  did  the 
raw  water  before  the  sulphate  of  alumina  was  added  to  it. 

The  results  of  the  special  experiments  mentioned  are  shown  in 
Table  No.  5. 
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TABLE  No.  2.— Chemical  Analyses  of  Samples,  by  Professor  John 
Howard  Appleton. 

Eesults  obtained  during  the  time  that  1  grain  of  sulphate  of 
alumina  per  gallon  was  used. 

Bate  of  filtration,  125  000  000  galls,  per  acre  per  24  hours. 

The  numbers  express  parts  (by  weight)  in  one  million  parts  of 
water  (by  weight). 


Date. 


CO 

■6 

CD 

— 

'3.5 
ce  n  c 

<S'P  o 

■a* 

o 

CO 

0) 

a 

X 

o 

C  CD 

CO 

3 

o 

H 

o 

H 

o 

2 

Q 

•— 
u 

0) 

I'm 

3 

CO  £» 

5 

&.-§ 


Apr.     6 

39.0 

16.0 

4.8 

13 

39.3 

14.0 

7.0 

20 

39.9 

17.0 

6.4 

"       27 

43.7 

18.0 

6.2 

May    11 

53.1 

21.0 

6.4 

"       18 

54.9 

21.0 

6.1 

"       25 

49.6 

20.0 

6.4 

45.6 

18.1 

6.2 

Raw  Water. 
0.58 
0.60 
0.61 
1.00 
0.91 
1.01 
1.09 


0.47 
0.80 
1.05 
0.75 
1.84 
0.34 
0.76 


0.83         0.86 
Filtered  Water. 


0.04 

0.22 

0.60 

Trace. 

0.10 

0.26 

0.90 

*■• 

0.05 

0.26 

0.70 

" 

0.02 

0.22 

0.70 

" 

0.03 

0.38 

0.60 

0 

0.03 

0.34 

0.60 

Trace. 

0.04 

0.32 

0.60 

0.04 

0.29 

0.67 

Apr.     6 

38.9 

22.0 

4.8 

0.61 

0.44 

13 

40.4 

19.0 

6.0 

0.45 

0.55 

"       20 

37.4 

22.0 

6.4 

0.28 

1.02 

"       27 

39.6 

19.0 

6.2 

0.19 

0.26 

May    11 

47.2 

23.0 

6.3 

0.20 

0.55 

18 

49.8 

23.0 

5.8 

0.13 

0.47 

"       25 

46.5 

24.0 

7.2 

0.40 

0.45 

42.83 

21.7 

6.1 

0.32 

0.53 

Average  Percentage,  More  or  Less,  in  the  Filtered  Water. 
I  6%  —  I  20%"  +  I    \%  —  I  61,V  —  I  38%-  —  I  29^  —  I  63%-  —  I  15.V 


0.04 

0.10 

0.60 

Trace. 

0.05 

0.11 

0.70 

"• 

0.05 

0.10 

0.60 

" 

0.01 

0.07 

0.60 

" 

0.02 

0.14 

0.40 

0 

0.03 

0.12 

0.50 

Trace. 

0.02 

0.13 

0.60 

0.03 

0.11 

0.57 

Special  experiments  were  made  from  March  20th  to  30th.  and  from  May  1st  to  6th. 

As  may  be  noticed,  the  percentage  less  of  bacteria  from  May  1st  to 
6th,  when  f  of  a  grain  of  sulphate  of  alumina  per  gallon  was  used,  is 
considerably  less  than  it  was  from  March  20th  to  25th,  when  the  same 
quantity  of  sulphate  of  alumina  was  being  used.  The  difference  may  be 
accounted  for  partially  by  the  fact  that  the  average  number  of  bacteria 
in  the  raw  water  was  nearly  five  times  as  large  from  March  20th  to 
25th,  when  the  more  favorable  results  were  obtained,  than  it  was  during 
the  period  of  less  favorable  results,  from  May  1st  to  6th;  but  the 
principal  cause  is  due  to  the  sample  of  filtered  water  of  May  4th  hav- 
ing contained  a  larger  number   of  bacteria  than  was  found  in  any 
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sample  during  the  test,  viz.,  61,  and  as  the  sample  of  raw  water  of  this 
date  contained  but  298,  the  percentage  of  reduction  was  only  78.89  ; 
which,  being  averaged  up  with  the  percentage  of  the  other  five  days, 
brought  down  the  total  average  of  the  special  test,  from  May  1st  to  6th 
inclusive,  to  94.03  per  cent. 

The  results  given  in  Tables  Nos.  1,  2,  3  and  4,  are  remarkably 
satisfactory;  but  on  account  of  several  instances  in  Table  No.  1,  when 
the  bacterial  reductions  are  shown  to  be  below  98%,  it  may  be  well  to 
state  that  the  filter  has  been  working  at  a  disadvantage  for  a  compari- 
son by  percentages,  on  account  of  the  small  number  of  bacteria  in  the 
raw  water. 

TABLE  No.  3.—  Color  or  Samples.     Determined  by  Dr.    Gardner 

T.    S  WARTS. 

Besults  obtained  during  the  time  that  1  grain  of  sulphate  of 
alumina  per  gallon  was  used. 

Kate  of  filtration,  125  000000  galls,  per  acre  per  twenty-four  hours. 


Date. 


Mar.  13 
"     14 


Apr. 


Raw 
water. 


Filtered 
water. 


0.30  0.06 

0.30  0.06 

Sterilized 

filter-bed. 


0.30 
0.30 
0.30 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0  40 
0.40 
0.50 
0.40 
0.50 


0.06 
0.06 
0.06 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 


Date. 


Apr. 


May 


Raw- 
water. 


0.50 
0.50 
0.50 
0.50 
U.60 
0.60 
0.60 
0.60 
0.60 
0.60 
0.60 
0.60 
0.70 
0.70 
0.60 
0.70 
0.70 
0.70 


Filtered 
water. 


0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.20 


Date. 


May  11 
12 
13 
IS 
16 
17 
18 
19 
30 
22 
23 
24 
25 
26 
27 
29 
30 
31 


Average 


Raw 
water. 


1.00 
1.00 
0.90 
0.80 
0.90 
0.80 
O.80 
0.70 
6.70 
0.70 
0.60 
0.60 
0  70 
0.60 
0.60 
0.60 
0.60 
0.50 


0.58 


Filtered 
water. 


0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 


0.10 


Percent- 
age of 

color  re- 
moved. 


83.0 


Special  experiments  were  made  from  March  20th  to  30th  and  from  May  1st  to  6th. 

As  can  be  seen  by  Table  No.  1,  the  average  number  of  bacteria 
found  in  the  filtered  water  is  less  than  5  per  cubic  centimeter,  which 
is  a  remarkably  small  number  (the  average  number  found  in  the 
effluent  of  the  filter  of  the  Lawrence  water-works  during  March  and 
April,  1898,  being  28).     Therefore,  if  the  results  given  in  Table  No.  1 
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should  be  used  for  comparison  with  results  obtained  with  other  filters, 
the  small  number  of  bacteria  found  in  the  filtered  water  should  be 
duly  taken  into  consideration,  as  well  as  the  percentages  of  reduction. 

TABLE   No.   4. —Alkalinity   of    Samples.     Determined  by  Dr. 
Gardner  T.  Swarts. 

Results  obtained  during  the  time  that  1  grain  of  sulphate  of 
alumina  per  gallon  was  used. 

Rate  of  filtration,  125  000  000  galls,  per  acre  per  24  hours.  The 
alkalinity  is  expressed  as  calcium  carbonate  in  parts  per  1  000  000. 


Date. 

Raw 

.  water. 

Filtered 
water. 

Date. 

Raw 
water. 

Filtered 
water. 

Date. 

Raw 

water. 

Filtered 
water. 

Mar.  13 

5.5 

1.7 

Apr.  13 

10.2 

Lost 

May  11 

14.0 

6.0 

"     14 

7.5 

2.0 

K     14 

11.5 

4.0 

"      12 

14.5 

6.5 

"      15 

(      Steri 

lized 

"      15 

11.5 

5.0 

«      13 

14.5 

5.5 

\     filter- 

beds 

"      17 

12.0 

4.5 

"      15 

15.0 

5.5 

"      16 

6.7 

1.5 

"      18 

11.0 

4.0 

"      16 

14.0 

5.0 

"      17 

7.0 

2.0 

"      19 

11.0 

4.5 

"      17 

14.5 

6.5 

"       IS 

6.7 

2.0 

"     20 

12.0 

2.0 

"      18 

14.5 

6.0 

"      31 

CO 

2.7 

"      21 

11.0 

4.5 

"      19 

14.0 

6.0 

Apr.     1 

8.5 

3.0 

"      22 

8.5 

4.7 

"      20 

14.5 

6.0 

3 

9.2 

2.7 

"     24 

14.0 

7.0 

"      22 

14.0 

8.0 

4 

9.5 

3.2 

"      25 

14.0 

7.0 

"      23 

14.0 

6.0 

5 

8.7 

3.2 

"     26 

14.0 

6.0 

"     24 

14.0 

7.0 

6 

6.5 

3.0 

"      27 

14.0 

6.0 

"     25 

14.0 

7.0 

7 

11.0 

3.7 

"      28 

14.5 

6.0 

"     26 

15.0 

6.0 

"       8 

Ki.il 

3.2 

"      29 

13.5 

6.0 

"      27 

14.5 

5.0 

••      10 

9.0 

3.7 

May     8 

15.0 

6.5 

"     29 

14.0 

5.0 

"      11 

10.5 

3.2 

"       9 

14.5 

6.0 

'•      30 

14.0 

5.0. 

"      13 

11.0 

4.0 

"      10 

15.0 

6.0 

^      31 

14.5 

6.0 

Special  experiments  were  made  from  March  20th  to  30th  and  from  May  1st  to  6th. 

TABLE  No.  5. — Results  of  Special  Experiments. 


Date. 
1  [nclusive. ) 

Sulphate  of 

alumina 

used. 

Grains  per 
gallon. 

Number  of  Bacteria. 

Percentage 

less  bacteria 

in  filtered 

than  in  raw 

water. 

Percentage 
less  color  in 

In  raw 
water. 

In  filtered 
water. 

filtered  than 
in  raw 
water. 

March  20th  to  85th. 
March  27th  to  30th. 
May  1st  to  6th 

0.75 
ii. (Hi 
11.75 
1.00* 

1768 

875 
360 
fill 

38 
9 
19 
15 

9S.32 
98.75 
94.03 
96.82 

79 
73 
75 

*  Sulphate  of  alumina  of  low  grarle,  containing  17. 53^  of  Als  03. 

Experiments  have  shown  that  some  species  of  bacteria  will  multiply 
even  in  distilled  water  that  has  been  sterilized;  and  it  is  quite  possible 
that,  should  sterilized  water  be  applied  to  the  filter  instead  of  the  raw 
water,  a  few  bacteria  might  be  found  in  the  effluent  as  it  flowed  from 
the  filter,  as  it  would  probably  be  impossible  to  keep  any  practical 
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filt?ring  medium,  or  water  which  had  been  exposed  to  the  atmosphere, 
completely  sterile  during  the  process  of  filtration. 

The  disadvantage  under  which  the  filter  has  been  working  is  in 
ao3  3riance  with  the  supposition  that  a  few  bacteria  may,  at  times, 
grow  in  a  filter  and  be  carried  through  it  during  the  process  of  filtra- 
tion. These  few  bacteria  would,  in  ordinary  practice,  be  counted 
among  others  found,  if  there  were  such,  in  the  filtered  water.  Now, 
if  there  were  2  000  bacteria  per  cubic  centimeter  in  the  raw  water,  and 
a'  small  number  per  cubic  centimeter  should  grow  in  the  filter,  they 
might  not  appreciably  affect  the  percentage  of  reduction,  owing  to 
their  numbar  being  relatively  very  small  in  comparison  with  the 
number  in  the  raw  water.  If,  however,  the  number  of  bacteria  that 
graw  in  the  filter  was  the  same,  and  there  should  be  200  or  300  per 
cubic  centimeter,  for  instance,  in  the  raw  water,  instead  of  2  000,  the 
percentage  of  reduction  might  be  affected  considerably,  as  the  small 
number  that  grew  in  the  filter  might  bear  an  appreciable  proportion  to 
the  200  or  300  in  the  raw  water. 

The  cost  of  operating  the  filter  since  it  was  first  put  in  service  has 
been  practically  the  cost  of  the  sulphate  of  alumina  used,  as  no  addi- 
tional labor  has  been  required,  other  than  that  already  employed  at  the 
pumping  station.  The  cost  of  operating,  therefore,  based  upon  1  grain 
per  gallon,  and,  considering  the  best  grade  of  sulphate  of  alumina  used 
during  the  test,  would  be  $2.15  per  1  000  000  galls,  of  water  filtered. 

The  total  cost  of  the  filter  plant  (shown  on  Plate  VIII)  is  estimated 
to  be  about  $11  500.  If  the  three  additional  filters,  for  which  the 
filter  house  was  designed,  should  be  added,  as  has  been  mentioned 
previously,  at  the  same  cost  per  filter  as  the  one  which  has  been  in- 
stalled, the  cost  of  the  completed  plant,  representing  a  capacity  of 
2  000  000  galls,  per  24  hours,  would  be  about  $21  000,  or  at  the  rate  of 
$10  500  per  1  000  000  galls. 

The  East  Providence  Water  Company  is  more  than  satisfied  with 
the  filter  plant,  and  the  customers  of  the  company  are  much  pleased 
with  the  filtered  water,  the  appearance  of  which  is  practically  the 
same  as  that  of  distilled  water. 
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COALS. 
Discussion.* 


By  Mr.  John  W.  Hill. 


Mr.  Hill.  John  W.  Hill,  M.  Am.  Soc.  C.  E.  (by  letter). — It  should  be  under- 
stood that  these  tests,  primarily,  were  to  determine  the  relative 
physical  value,  under  uniform  conditions  of  service,  of  the  steam 
coals  available  in  the  Cincinnati  market,  especially  for  use  in  the 
City  Water  Department,  and  the  only  "way  in  which  this  could  be 
accomplished  satisfactorily  was  by  firing  the  coals  in  the  Department 
boilers  by  the  Department  firemen.  To  avoid  interference  with  the 
regular  daily  operation  of  the  Water- Works,  the  Board  of  Adminis- 
tration required  that  the  tests  should  be  made  at  the  Hunt  Street 
Pumping  Station,  which  has  at  all  times  a  small  surplus  of  power. 
It  required  that  the  coal  should  be  fired  in  boilers  which  had  no 
patented  appliances  especially  adapted  to  one  class  or  kind  of  coal, 
and  that  the  steam  should  be  used  in  performing  the  daily  work  of 
the  pumping  station.  The  author  has  no  doubt  that  the  Galloway 
boilers  were  not  the  best  for  all  the  coals  tested,  but  believes  that  they 
were  the  best  which  could  be  had  at  the  Hunt  Street  Pumping 
Station.  With  reference  to  the  fitness  of  the  boilers  for  this  work,  Mr. 
Kent  evidently  has  overlooked  the  following  paragraph  on  page  178: 

"It  is  quite  possible  that  the  boilers  used  in  these  tests  were  not 
the  best  for  all  the  coals  tested,  and  that  some  kinds  and  grades  of 
coal  suffered  accordingly;  but  that  is  a  condition  which  perhaps  will 

:;:  Continued  from  August.  1899.  Proceedings.  See  April,  1899,  Proceedings,  for 
Paper  by  John  W.  Hill,  M.  Am.  Soc.  C.  E.,  on  the  subject. 


Papers.]  DISCUSSION"   ON  TESTS  OF   STEAM   COALS.  533 

always  he  found  true,  for  no  form  of  boiler  and  furnace  can  be  equally  Mr.  Hill, 
well  adapted  to  every  variety  of  bituminous  (and  semi-bituminous  | 
coal,  nor  could  changes  be  made  in  the  boiler  and  furnace,  and  in  the 
mode  of  firing,  for  the  different  kinds  of  coal,  without  raising  a 
suspicion  in  the  investigator's  mind  that  by  so  doing  he  would  be 
favoring  one  coal  at  the  expense  of  another." 

And  on  page  200: 

"  Reference  to  the  physical  efficiencies  of  these  coals  (Table  No.  23) 
indicates  that  none  of  tbe  coals  was  giving  very  high  results,  and 
some,  undoubtedly,  were  worked  at  a  disadvantage,  although  the  evi- 
dences of  this  were  not  apparent  at  the  time;  but  high  efficiency  of  the 
low-grade  coals  cannot  always  be  attained  except  in  furnaces  especially 
adapted  for  them.  All  the  losses  of  heat  by  chimney  draft,  etc., 
should  be  limited  to  30%  of  the  ultimate  heat  value  of  the  coal;  and  in 
designing  boilers  and  furnaces,  due  regard  should  be  had  for  the  work 
to  be  performed  and  the  coal  to  be  used." 

If  tbe  author  understands  Mr.  Kent  correctly  he  suggests  that  these 
different  coals  should  have  been  tried  under  different  boilers  and  by 
different  firemen.  Had  this  been  done,  it  would  have  been  impossible 
to  have  formed  any  correct  estimate  of  the  influence  of  boilers  and  fire- 
men on  the  several  coals,  and  would  wholly  have  failed  to  answer  the 
question  submitted  to  the  author  by  the  Board  of  Administration. 
Undoubtedly,  the  proper  method  for  the  determination  of  the  ultimate 
value  of  each  coal  would  have  been  to  test  it  with  several  kinds  of 
boilers  and  furnaces,  but  this  was  wholly  outside  the  scope  of  the 
author's  authority  or  opportunities  in  these  investigations. 

Mr.  Kent  seems  at  first  to  commend  the  internally-fired  boilers  used 
in  these  trials,  and  then  to  object  to  them,  because  the  furnace  was 
not  lined  with  fire-brick  to  secure  better  combustion  of  the  volatile 
matter  in  the  coals.  This  suggests  the  fire-box  boilers  for  some  kinds 
of  coals,  and  boilers  with  brick  furnaces  for  other  kinds  of  coals;  but 
since  all  these  coals  contained  from  20  to  35%"  of  volatile  matter,  any 
objection  to  the  use  of  the  fire-box  boilers  for  the  bituminous  coals 
will  apply,  but  possibly  with  less  force,  when  used  with  semi-bitu- 
minous coals. 

The  author  must  take  issue  with  Mr.  Kent  with  reference  to  the 
rate  of  evaporation  used  in  these  tests.  The  Galloway  boilers,  and 
fire-box  boilers  generally,  which  have  come  under  the  author's  observa- 
tion, have  been  worked  successfully  at  much  higher  rates  than  that 
adopted  for  these  tests  (5.33  lbs.  of  steam  per  square  foot  of  heating 
surface  per  hour).  Indeed,  at  the  contract  trial  (from  which  some  data 
are  given  on  page  180),  these  boilers  were  worked  at  the  rate  of  7.57  lbs. 
of  steam  per  square  foot  of  water-heating  surface  per  hour,  from  the 
temperature  of  feed  water  (193°  Fahr.)  to  steam  at  92.8  lbs.  by  gauge, 
or  at  a  rate  nearly  50%  higher  than  that  adopted  by  the  author.  Under 
this  condition  the  boilers  were  said  to  have  made,  with  Pittsburg  Nut 
coal,  12.40  lbs.  of  steam  from  and  at  212'  Fahr.    per  pound  of  com- 
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Mr.  Hill,  bustible.     The  trial  mentioned  was  made  by  the  late  Mr.  George  H. 
Sellers,  of  Wilmington,  Del. 

It  will  be  observed  that,  from  Mr.  Kent's  point  of  view,  the  coal 
(Pittsburg)  used  by  Mr.  Sellers,  by  reason  of  its  high  percentage  of 
volatile  matter,  was  peculiarly  unfitted  for  fire-box  boilers. 

With  reference  to  the  rate  of  work,  the  author  does  not  believe 
that  these  coals  should  be  burned  at  lower  rates  than  shown  in  Column 
6  of  Tables  Nos.  13,  14  and  15.  In  fact,  since  the  trials  were  made,  it 
has  been  thought  that  some  of  the  coals  were  burned  at  too  low  a  rate, 
per  square  foot  of  grate  surface  per  hour,  to  obtain  the  best  effects. 
It  will  be  remembered  that  the  boilers  were  worked  at  substantially 
the  same  rate  of  evaporation  per  square  foot  of  heating  surface  per 
hour  for  all  coals,  and  the  extreme  variation  from  the  average  rate 
was,  with  one  exception,  within  5  per  cent. 

The  extreme  ground,  assumed  by  Mr.  Kent,  that  the  boilers  were 
in  an  indifferent  condition,  driven  too  hard,  and  fired  by  inexperi- 
enced firemen,  is  wholly  unwarranted.  The  boilers  were  in  excellent 
condition,  regularly  cleaned  at  the  end  of  each  fourth  test,  and  the 
firemen  were  the  best  employed  by  the  City  Water  Department,  and 
possibly  were  as  expert  in  handling  these  coals  as  any  firemen  who 
were  available  for  these  tests. 

The  figures  quoted  by  Mr.  Kent  on  page  322  do  not  indicate  what 
he  terms  "variable  firing,"  but  do  indicate  the  variable  quality  of 
coal  from  the  same  dealers,  and,  presumably,  from  the  same  mine. 
Variations  of  5  or  6%  in  the  quality  of  coal  from  different  sources  and 
entries  of  the  same  mine  are  well  known.  In  fact,  in  a  given  seam  of 
coal  a  marked  variation  in  heating  power  may  be  found  at  different 
heights  in  the  seam. 

Considering  the  experimental  work  of  Professors  Lord  and  Haas,* 
which  shows,  by  the  Mahler  calorimeter,  extreme  variations  [on  com- 
bustible) in  different  samples  of  coal  from  the  same  measures,  the  fol- 
lowing percentages  are  found: 

Pittsburg  coal 5.3 

Upper  Freeport  coal 5.5 

Mr.  Barrus,  f  from  calorimetric  tests  of  the  same  coals  (on  coal) 
obtained  the  following  percentage  variations: 

George's  Creek  (Cumberland),  coal 9.45 

New  River  coal 4. 20 

Pocahontas  coal 6.80 

Clearfield  Coal 8.20 

The  Acme  coal  and  Coalburg  coal  are  supposed  to  be  from  the  same 
seam,  and  mined  12  miles  apart.     The  difference  between  these  coals 

*  Loc.  cit.,  page  188. 
i  Loc.  cit.,  page  188 
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by  physical  tests  on  combustible  was  7.7  per  cent.  Again,  the  Cedar  Mr.  Hill. 
Grove  and  Belmont  coals  are  mined  by  the  same  parties,  on  the  same 
property,  the  seams  being  about  340  ft.  (vertical)  apart.  The  differ- 
ence between  these  coals  on  combustible  was  4.7  per  cent.  Part  of 
these  differences  may  be  due  to  variable  firing,  but  the  larger  portion  is 
due  to  variability  in  the  quality  of  the  coal  from  different  seams  on  the 
same  property,  or  from  the  same  seam  on  widely  separated  properties. 
Mr.  Kent's  comparison  of  the  coals  from  the  Pittsburg  mines,  to 
demonstrate  his  belief  that  the  firing  in  these  tests  was  variable,  is  not 
altogether  fair.  The  Brown  mines  and  the  "Woods  mine  are  separated 
about  20  miles,  although  supposed  to  be  working  the  same  seam  of 
coal,  and,  in  view  of  the  reasonable  uniformity  of  the  several  grades  of 
coal  from  the  respective  mines,  the  comparison  for  variable  firing 
(upon  the  assumption,  which  is  not  true,  that  the  coal  is  of  uniform 
quality  throughout  the  seam)  should  be  made  upon  the  average  per- 
formance of  each  coal,  thus: 

Pounds  of  steam  per  pound  of 
Combustible  from  and 
Source  of  Coal.  at  212°  Fahr. 

Brown,  four  samples 9.42 

Catsburg,  four  samples 9 .  46 

Cincinnati,  two  samples 9 .  29 

Woods,  four  samples 9 .  60 

Monongah  (West  Virginia),  one  sample 9.58 

All  these  coals  are  from  the  Pittsburg  measures,  and  the  com- 
bustible in  the  nut  and  slack  is  as  good  as  in  the  higher  grades  of  coal. 
Upon  this  showing,  the  extreme  difference  in  the  performance,  and  (by 
Mr.  Kent's  method  of  reasoning)  variability  of  firing,  is  3.23%;  or,  if 
the  Cincinnati  coal  is  omitted,  the  difference  in  these  coals  is  less  than 
.  1.2  per  cent.  The  Cincinnati  coal,  in  both  physical  tests  and  by  the 
calorimeter,  falls  distinctly  under  the  other  twelve  samples  from  the 
Pittsburg  seam. 

The  theory  that  all  kinds  of  coal  such  as  the  author  investigated 
will  give  a  fairly  uniform  efficiency  in  any  given  type  of  boiler,  is  a 
novel  proposition  to  the  author,  and  is  scarcely  consistent  with  Mr. 
Kent's  original  suggestion,  that  these  boilers  were  not  well  suited  to 
all  the  coals  tested.  Experience  has  taught  the  author  that  the 
physical  efficiency  of  a  given  coal  will  depend  very  much  upon  the 
adaptability  of  the  boiler  and  furnace  to  that  coal,  and  variations  in 
efficiency  must  be  anticipated  when  a  single  type  of  boiler  and  furnace 
is  used  with  different  kinds  of  coal. 

Long  before  these  investigations,  the  author  had  made  many  experi- 
ments on  coals  with  the  Thompson  form  of  calorimeter,  and  had 
studied  carefully  all  the  available  literature  with  reference  to  the  use 
of  the  Berthelot  bomb  and  other  methods  proposed  for  the  determina- 
tion of  the  heating  power  of  fuels,  and  reached  the  conclusion  that 
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Mr.  Hill,  if  the  heat  value  of  any  substance  had  been  accurately  determined  by 
any  form  of  calorimeter,  it  was  that  of  carbon;  and  if  the  heating  value 
of  pure  carbon  burning  without  ash  is  now  known,  that  the  Carpenter 
instrument  would  furnish  as  accurate  and  reliable  results  when 
properly  standardized  as  the  Berthelot  or  any  other  form  of  bomb,  and, 
therefore,  he  adopted  it  for  these  investigations. 

In  order  to  check  his  work  as  well  as  could  be  done  from  the  avail- 
able data,  Table  No.  20  was  compiled.  From  this  itappears  that,  with 
coal  from  a  given  locality,  no  startling  differences  occur  between  the 
work  of  the  author  and  that  of  Messrs.  Hale  and  Williams  with  a  modi- 
fied form  of  Berthelot  bomb;  of  Professor  Carpenter  with  his  own 
instrument;  and  of  Professors  Lord  and  Haas  with  the  Mahler  bomb; 
and  these  differences  are  no  greater  than  each  exjjerimenter  probably 
has  obtained  in  his  own  work. 

The  author  sees  no  greater  difficulty  in  standardizing  the  Carpenter 
calorimeter  by  pure  carbon  than  in  standardizing  the  Berthelot  bomb 
by  naphthalene,  or  any  other  substance  of  supposed  known  heat  vahie. 
In  one  case,  the  heating  power  of  pure  carbon  is  assumed  to  have  been 
accurately  determined,  and  in  the  other  case,  the  heating  power  of 
naphthalene  is  assumed  to  have  been  accurately  determined.  So  far  as 
combustion  of  the  coal  sample  is  concerned,  there  is  no  reason  why  it 
should  not  be  as  complete  and  perfect  in  the  combustion  chamber  of 
the  Carpenter  instrument  as  in  the  combustion  chamber  of  the  bomb; 
nor  does  it  appear  to  the  author  any  more  difficult  to  account  for  the 
total  heat  of  combustion  in  the  Carpenter  instrument  than  in  the 
Berthelot  or  Mahler  bombs. 

The  use,  in  excess,  of  pure  oxygen  under  pressure  insures  perfect 
and  complete  combustion,  thus  avoiding  the  usual  loss  due  to  imper- 
fect combustion  of  the  volatile  matter  in  coal,  when  burned  under 
steam  boilers,  and  insuring  by  the  presence  of  pure  oxygen,  the  con- 
version of  all  combustible  matter  into  carbon  dioxid,  sulphuric  acid 
and  water.  In  using  the  Carpenter  instrument,  it  is  not  convenient 
to  collect  the  nitric  acid  obtained  from  the  substance  burned  if  nitrogen 
be  present,  nor  is  this  necessary,  because  the  heat  liberated  in  con- 
verting the  nitrogen  into  nitric  acid  seldom  exceeds  one-third  of  1% 
of  the  total  heat  of  the  substance. 

The  advantage  of  the  Carpenter  over  all  other  forms  of  coal  calori- 
meter is  in  its  simplicity  of  form  and  operation,  and  the  readiness 
with  which  the  notes  may  be  reduced,  thus  avoiding  the  possible  errors 
of  complicated  apparatus  and  tedious  computation. 

In  reply  to  Mr.  Kent's  remark  under  Table  No.  29,  that  in  one 
instance  (Cincinnati  3d  Pool  coal)  the  author's  calorimetric  work  is  not 
entitled  to  credit,  Table  No.  31,  comparing  the  results  obtained  by  the 
author,  with  the  results  obtained  from  the  same  kinds  of  coals  by  Pro- 
fessors Lord  and  Haas,  and  Professor  Carpenter  is  offered. 
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TABLE  No.  31.— B.  T.  U.  Pee  Pound  op  Coal. 
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Mr.  Hill. 


Kind  of  Coal. 

Author. 

Lord  and  Haas. 

Carpenter. 

15  163 
15  133 
14  526 
13  348 
12  733* 

14  906 
It  020 
13  607 
12  136t 

15  094 

Thacker 

B.  T.  U.  Pee  Pound  op  Combustible. 

New  River 15  757  

Pocahontas 15  456  15  750 

Thacker 15  554  15  230 

Pittsburg  (av.) 14  237  14  960 

Southern  Ohio 14  21^*  14  050+ 


15  870 


*  Average  Hocking  Valley  and  Jackson  coals. 
t  Hocking  Valley  coal. 

The  author  does  not  know  whether  Mr.  Kent  considers  the  calori- 
metric  work  of  the  other  investigators  as  entitled  to  credit,  but  if  he 
does,  it  seems  that  the  differences  in  heating  value  of  the  parallel  coals 
tested  are  not  so  large  as  to  suggest  grave  errors  in  the  author's  work. 
The  extreme  difference  in  the  author's  work  on  the  Pittsburg  (Penn- 
sylvania) coals,  by  physical  tests,  is  3.23%,  and  by  calorimeter  (on 
combustible)  2.4%",  which  seems  to  indicate  that  Mr.  Kent  has  made  a 
mistake  in  rejecting  the  calorimetric  valu:  of  Pittsburg-Cincinnati  coal 
in  his  Table  No.  29. 

It  may  be  observed  in  passing,  that,  in  Table  No.  29,  Mr.  Kent  does  not 
attempt  to  fit  his  curve  to  the  Ohio  coals  having  nearly  the  same  percent- 
age of  fixed  carbon  in  the  net  combustible  as  the  Pittsburg  and  some  of 
the  Kanawha  coals,  doubtless  for  the  reasons  which  he  gives  on  page326. 

The  heats  given  by  Mr.  Kent's  curve  for  semi-bituminous  coals 
containing  about  8i)%  of  fixed  carbon  in  the  combustible,  agree  well 
with  the  results  obtained  by  the  calorimeter,  but,  for  coals  much  lower 
in  fixed  carbon,  the  differences  are  too  great  to  admit  of  using  the  curve 
for  either  practical  or  scientific  purposes. 

For  more  than  half  a  century  it  has  been  held  that  the  heating  value 
of  bituminous  and  semi-bituminous  coals  was  directly  proportional  to 
the  percentage  of  fixed  carbon  in  the  combustible  matter,  although 
there  is  a  limit  to  the  application  of  this  theory,  because  it  is  well 
known  that  the  heat  energy  per  unit  of  weight  is  less  for  the  anthra- 
cite coals  than  for  the  semi-bituminous  coals,  like  New  River,  Cum- 
berland and  Pocahontas,  and  a  point  is  reached  in  the  ratio  of  the 
fixed  carbon  to  volatile  matter  which  indicates  the  highest  heat  value 
theoretically  attainable  in  coal.  Above  this  point  or  ratio  of  fixed 
carbon  to  volatile  matter,  the  thermal  value  of  the  coal  declines  until  it 
reaches  pure  carbon,  with  a  heating  value  of  14  650  B.  T.  U.  per 
pound,  and  below  this  the  heating  value  declines  in  an  increasing  ratio 
until  the  low  value  of  12  200  B.  T.  U.  per  pound  is  reached,  with  a 
combustible  of  which  50%  is  fixed  carbon  and  50%  volatile  matter. 
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Mr.  iiiii.  The  author  does  not  share  Mr.  Bryan's  fear  that  serious  errors  in  the 
amount  of  coal  charged  to  each  trial,  respectively,  might  have  arisen 
from  the  method  of  starting  and  stopping  the  trials,  considering  that 
each  of  the  four  furnaces  was  fired  from  four  to  five  times  per  hour. 
If  all  the  furnaces  had  been  charged  with  green  coal  just  before  a  trial 
was  started,  and  the  grates  left  bare  at  the  end  of  the  trial,  the  maxi- 
mum error  in  the  coal  charged  would  have  been  \\%;  but  with  the 
fires  on  each  of  the  four  grates  burned  down  to  the  lowest  point, 
while  maintaining  the  steam  pressure  at  the  beginning  and  end  of 
each  trial,  the  probable  error  in  the  weight  of  coal  charged  must  have 
been  much  less  than  the  usual  errors  of  observation.  During  the  last 
30  minutes,  just  before  starting  and  stopping  each  trial,  the  firemen 
were  under  constant  supervision,  in  order  to  avoid  an  excess  or  defici- 
ency of  coal  on  the  grates,  while  maintaining  the  steam  pressure  and 
the  speed  of  the  pumping  engine.* 

Considering  the  temperature  at  which  the  feed-water  was  of  neces- 
sity measured,!  the  meters  seem  to  be  the  best  device  for  the  purpose. 
Under  other  conditions  than  those  described  in  the  paper,  the  author 
agrees  with  Mr.  Bryan  that  it  is  preferable  to  weigh  the  water  to  the 
boilers. 

With  reference  to  cleaning  the  boilers  before  Trial  No.  50J  the  jiaper 
neglects  to  state  that  the  boilers  were  cleaned  inside  and  out,  and  the 
grates  and  bridge-wall  thoroughly  overhauled  and  made  equal  to  new. 

In  view  of  the  relative  value  of  New  River  and  Pocahontas  coals,  it 
is  singular  that  the  Navy  Department  has  not  accorded  the  former  coal 
the  rating  which  it  deserves.  The  author  understands,  unofficially, 
that  New  River  coal  is  rated  at  90,  Pocahontas  coal  being  taken  as  the 
standard  at  100;  while,  in  fact,  under  the  steam  boilers  by  physical 
test,  and  upon  the  heating  value  by  both  coal  and  combustible,  New 
River  coal  possesses  a  slight  advantage  over  Pocahontas  coal,  and 
should  be  rated  as  high  as  the  latter. 

In  burning  all  coals  under  steam  boilers,  only  a  fraction  of  the  total 
heat  goes  into  the  water  in  the  boilers.  The  remainder,  which  is  lost 
for  useful  effect,  is  represented  by  the  heat  required  to  produce 
chimney  draft,  by  evaporation  of  moisture  in  the  air  which  passes 
through  the  furnaces  and  boilers,  by  evaporation  of  the  moisture  in 
the  coal,  by  the  latent  heat  in  the  gases  of  combustion,  and  by  radia- 
tion and  conduction  of  heat  from  the  exposed  surfaces  of  furnaces  and 
boilers.  Notes  sufficient  to  show  the  losses  of  heat  in  detail  were  not 
taken  during  these  tests,  nor  was  it  at  the  time  thought  necessary,  be- 
cause all  the  coals  were  burned  in  the  same  boilers,  by  the  same  fire- 
men, and  under  uniform  conditions  of  practice,  and  with  "  compara- 
tive "  rather  than  "ultimate"  effects  in  view. 

*  Refer  to  paragraph  bottom  of  page  147  and  top  of  page  148. 
t  Refer  to  paragraph  bottom  of  page  148  and  top  of  page  149. 
%  Refer  to  page  156.  "Condition  of  Boilers." 
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Foster  Crowell,  M.  Am.  Soc.  C.  E. — The  author's  experiments  Mr.  Crowell. 
upon  the  impact  of  falling  weights,  as  recorded  in  the  table  on  page 
286,  having  been  made  with  a  spring-balance,  the  observed  results  were 
the  resistances  of  the  spring-balance,  exerted  through  unrecorded  dis- 
tances of  retardation  of  the  falling  weights,  and  therefore  if  the  ap- 
paratus  had  happened  to  be  of  a  different  degree  of  sensitiveness  the 
values  would  necessarily  have  been  correspondingly  different;  conse- 
quently the  results  could  not  be  taken  as  the  absolute  values  of  impact 
of  the  falling  weights,  to  arrive  at  which  it  would  be  necessary  to  de- 
termine accurately,  not  only  the  resistances  developed,  but  also  the  dis- 
tances of  retardation.  The  experiments,  therefore,  could  not  be  ac- 
cepted as  establishing,  even  practically,  the  author's  claim,  upon  which 
he  bases  his  formula.  For,  whatever  the  weight  of  the  impinging  body. 
or  the  velocity  of  the  impact,  there  is,  in  every  case,  a  finite  amount 
of  work  U,  yielded  upon  the  opposing  resistances;  there  is  in  every 
such  case  a  certain  mean  resistance  R,  overcome  through  a  certain 

*  This  discussion  (of  the  paper  by  Charles  H.  Haswell.  M.  Am  Soc.  C.  E..  printed 
in  the  Proceedings  for  May,  1899)  is  printed  in  Proceedings  in  order  that  the  views 
expressed  may  be  brought  before  all  members  of  the  Society  for  further  discussion. 
(See  rules  for  publication,  Proceedings,  Vol.  xxv,  p.  71.) 

Communications  on  this  subject  received  prior  to  October  20th.  1899,  will  be  printed 
in  a  later  number  of  Proceedings,  and  subsequently  the  whole  discussion  will  be 
published  in  Transactions. 
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Mr.  Crowell.  space  S,  in  the  direction  in  which  that  resistance  acts,  which  resistance 
and  space  are  such  that  R  S  =  U,  and  R  =  -™-;if,  therefore,  the  sjiace 

S be  exceedingly  small  as  compared  with  U,  there  will  be  an  exceed- 
ingly great  resistance  R,  overcome  through  that  small  space,  and  vice 
versa.  Taking  as  the  values  of  R,  the  "  impacts  "  of  the  table,  we  find 
that  the  corresponding  values  of  S,  in  inches,  are  respectively  0.375, 
0.410  and  0.461.  Thus  it  is  apparent  that,  had  the  apparatus  been  so 
constructed  as  to  weigh  with  less  movement,  the  recorded  impact  might 
have  been  very  much  higher;  also,  that  the  movement  of  the  apparatus 
is  aualogous  to  a  pile  penetration  of  about  8  ins.  under  a  20-ft.  fall  of 
the  ram,  in  the  first  case  given,  but  to  only  about  5|  ins.  in  the  third 
case,  which  shows  the  influence  of  the  friction  and  lost  motion  in  the 
apparatus. 

Mr.  Haswell's  formula,  as  presented,  is  limited  to  a  penetration 
of  k  in.,  and  it  would  be  interesting  to  know  what  provision  the 
author  intended  to  be  made  in  cases  where  the  observed  penetra- 
tion of  the  driven  pile  exceeded  that  amount,  as  such  cases,  in 
the  speaker's  experience,  constituted  the  real  test  of  reliability 
and  usefulness  of  a  pile-driving  formula.  The  ideal  formula, 
and  the  practical  one  as  well,  should  contain  within  itself  the 
elements  of  application  to  all  the  cases  usually  to  be  met  with  in 
practice,  and  on  that  account,  as  well  as  upon  others,  the  speaker 
considered  the  Wellington  form  of  formula  preferable  to  that  of  Mr. 
Haswell. 

The  author  has  condemned  the  Wellington  formula,  including  it 
with  those  which  are  arbitrary  and  at  variance  with  accepted  rules, 
and  specifically  because  it  "  presents  the  exceptional  condition  of  the 
weight  being  multiplied  by  twice  the  height  of  the  fall,"  claiming  that 
the  true  formula  should  be  founded  upon  the  actual  vis  viva  of  a  body 
falling  freely,  as  represented  by  its  velocity,  viz.,  -\/2gh.  This  is  a 
misconception,  both  as  to  the  fact  and  as  to  the  theory  of  vis  viva.  The 
vis  viva  of  a  body  falling  freely  being  Mv1,  and  h  being  the  height 
through  which  the  body  must  fall  to  acquire  the  velocity,  v,  v'  =  2gh; 

therefore  h  —  -^ — '  and.  Wh  =  i  Mv;  that  is  to  sav,  the  work  accu- 
2  g 

mulated  in  a  body  falling  freely,  available  for  extraneous  effect,  is 
expressed  by  half  the  vis  viva,  and  is  always  equal  to  the  simple 
product  of  its  weight  multiplied  by  the  distance  through  which  it 
has  fallen.  This  effect  may  be  expressed  in  foot-pounds,  or  inch- 
pounds,  or  half-inch-pounds,  or  by  any  other  combination  of  weight 
and  fall,  but  it  can  never  by  any  possibility  exceed  itself,  and  is 
an  immutable  feature  of  the  laws  of  falling  bodies  applicable  to  all 
heights. 
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Vis  viva,  according  to  Mosely,*  Mr.  c  rowel  L 

"  Does  not  represent  a  pressure,  or  force,  but  the  numerical  equiva- 
lent of  the  product  of  a  certain  number  of  units  of  pressure  and  a  certain 
number  of  units  of  path.  The  one  magnitude  being  of  as  totally 
different  order  from  the  other  as  an  area  is  different  from  a  line,  and 
therefore  having  no  common  unit  of  measure." 

Impact  and  vis  riva  are  thus  totally  different  things.  What 
enables  the  descending  ram  to  drive  the  pile  is  the  energy  stored 
therein,  but  not  all  of  that  energy  is  available  for  the  purpose,  half  of 
it  being  required  to  maintain  the  movement  of  the  ram.  That  which  is 
available  is  known  as  the  accumulated  work,  to  be  expended  upon  the 
sum  of  the  resistances  offered  by  the  pile. 

In  the  Wellington  formula  the  principle  of  accumulated  work  is 
the  basis;  it  is  expressed  in  inch-pounds,  but  as  it  contains  a  silent 
factor  of  safety  of  6,  and,  as,  for  convenience,  h  is  given  in  feet, 
the  accumulated  work  is  written  2  W  h  instead  of  W  12  h.  The 
denominator  is  the  measure  of  resistance  developed  by  the  pile,  as 
indicated  by  its  penetration  under  the  last  blow,  or  settlement,  s, 
also  expressed  in  inch  terms.  Were  it  not  for  the  presence  of 
resistances  in  the  pile-driving  machine,  and  other  causes  tending  to 
oppose  the  driving  of  the  pile,  s  would  be  the  full  measure  of  the 
net  resistance,  and  the  quotient  would  be  that  resistance;  but  these 
various  unmeasured  opposing  forces  must  be  taken  into  considera- 
tion, and  they  are  represented  by  the  constant  quantity,  1,  in  the 
denominator. 

Thus  we  have  the  derivation  of  the  Wellington  formula, 

2  Wh 

Q  =  Safe  Load  = — --  . 

8  +  1 

Comparing  this  with  Mr.  Haswell's  formula,  which  is 

8  WVh 


Safe  Load  = 


1.125 


we  perceive  that  for  the  ^-in.  penetration,  to  which  the  latter  applies, 

2  Wh 
it  becomes  Q  =  — „  „    ,  and  if  we  assume  a  fall  of  16  ft.  Ave  shall  have 
c  1.5 

32  W  32  W 

by  the  Wellington,    Q  =  — — — -  ;  and  by  Haswell,  Q  =  ,    results 

1.  o  1. 1— o 

differing  only  in  the  factors  of  safety.     That  is  to  say,  with  the  same 

actual  factor  of  safety  the  results  for  the  two  formulas  would  be  identical 

for  the  assumed  fall  of  16  ft. 

The  assumed  factor  of  safety  in  the  Wellington  formula  is  6,  while 

the   assumed    factor   in  the  Haswell  is  only  4|;   actually,  the  above 

Wellington   expression   gives    Q   =   21.333    W,    and    the    Haswell    Q 

---=  28.411  TU. 


Mosely's  Mechanics  of  Engineering,  p.  589. 
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Mr.  Crowell.  The  two  will  be  found  to  give  absolutely  the  same  working  result 
with  a  fall  of  28.45  ft.  A  study  of  the  diagram,  Fig.  1,  of  the  char- 
acteristic plottings  of  the  respective  formulas  may  be  instructive.  The 
Haswell  formula  is  the  equation  of  a  parabola  and  Wellington's  is  a 
straight  line;  the  abscissas  are  the  heights  of  fall  of  the  ram  and  the 
vertical  ordinates  the  safe  loads  expressed  in  units  of  ram  weight.     It 
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Fig.  1. 


will  be  noted  that  for  low  falls  the  Haswell  formula  gives  relatively 
great  safe  loads  and  for  high  falls  relatively  smaller  loads. 

Considering  that  the  highest  value  given  by  the  Wellington  line  has 
a  theoretical  factor  of  safety  of  6,  it  is  apparent  that  there  is  no  ad- 
vantage in  the  drop  of  the  Haswell  curve  at  the  higher  falls.     On  the 
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other  hand  the  exceeding  great  values,  relatively,  given  by  it  for  the  Mr.  Crowell. 
low  falls  show  its  inconsistency  and  the  danger  of  its  use  by  the  inex- 
perienced.    It  will  be  seen  that  for  a  fall  of  only  2  ft.  the  indicated 
safe  load  is  one-third  as  great  as  that  indicated  for  a  fall  of  18  ft.,  nine 
times  as  great. 

The  lower  of  the  two  inclined  straight  lines  in  the  diagram  is  in- 
troduced to  show  the  Wellington  values  when  the  penetration  is  1  in. 
It  will  be  observed  that  the  margin  of  safety  is  somewhat  decreased, 
so  that,  strictly,  the  supplementary  quantity  in  the  divisor  should  not 
be  a  constant,  but  a  variable,  as  was  pointed  out  by  the  speaker  in  the 
discussion  on  his  own  paper  on  this  subject,  presented  before  the 
Society  several  years  ago.*  There  can  be  no  question,  however,  that 
for  ordinary  penetrations  occurring  in  practice  the  Wellington  formula 
is  amply  safe  and,  in  the  speaker's  opinion,  its  simplicity  and  ready 
applicability  entitle  it  to  preference. 

E.  Shekman  Gould,  M.  Am.  Soc.  0.  E. — It  is  needless  to  say  that,  in  Mr.  Gould, 
the  writer's  opinion,  this  paper  has  great  practical  value.  The  long 
experience  of  the  author  in  the  kind  of  work  described,  and  his 
mature  judgment,  give  importance  to  his  utterances.  He  exposes 
the  vast  array  of  irrelevant  elements  introduced  by  many  authorities 
into  a  problem  which,  from  its  nature,  does  not  admit  of  mathemati- 
cal refinement,  and  presents  a  formula  which,  in  the  writer's  opinion, 
has  much  to  recommend  it.  Its  chief  peculiarity  is  in  assuming  the 
constant  value  of  h  in.  for  the  final  set,  instead  of  a  varying  one. 
That  is  to  say,  his  formula  assumes  what  amounts  practically  to 
"refusal,"  or  the  absence  of  further  penetration  after  the  last  blow  of 
the  hammer. 

The  problem  which  confronts  us  in  pile-driving  formulas,  is  to  find 
the  true  relation  between  the  effect  of  the  sudden  impact  of  a  falling 
heavy  body,  and  the  steady  pressure  of  a  quiescent  one.  No  such 
relation  has  yet  been  discovered,  and  all  that  can  be  done  is  to  seek  an 
empirical  expression  which  will  be  a  safe,  practical  guide.  The 
formula  quoted  by  the  author  as  "  Wellington's,"  is  probably  the  one 
which  has  most  endeared  itself  to  American  engineers  from  its  sim- 
plicity and  generally  safe  results.  Its  denominator  is  a  binomial 
expression  containing  the  variable  set  of  the  pile,  or  its  final  penetra- 
tion, plus  unity.  In  this  form  it  is  relieved  of  the  absurd  results 
which  would  otherwise  ensue  from  taking  very  small  values  for  the 
set,  which  absurdity  would  reach  its  climax  if  we  should  assume  abso- 
lute, or  zero  set,  when  the  formula  would  give  an  infinite  bearing 
capacity  to  the  pile,  no  matter  how  light  the  hammer  or  how  low  the 
fall.  This  impossible  result  is  avoided  by  using  s  -f- 1  in  the  denomi- 
nator. 

*  "  Uniform  Practice  in  Pile-Driving,"  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxvii,  pp. 
108,  596. 


541  DISCUSSION   ON   PILE-DRIVING   FORMULAS.  [Papers. 

IMr.  Gould.  Wellington's  formula,  however,  like  all  others  recognizing  move- 
ment or  set  in  the  pile  under  the  last  blow,  fails  to  meet  the  require- 
ments of  the  problem.  It  is  merely  the  statement  of  the  equality 
between  the  work  stored  in  a  heavy  body  falling  through  a  certain 
height,  and  a  force,  called  the  "safe  load  "  moving  through  a  relatively 
short  distance  called  the  "set."  There  is  no  quiescent  pressure 
involved,  nor  can  there  be.  Work  in  the  hammer  can  only  be  offset 
by  work  in  the  pile,  and  work  implies  movement  and  not  rest.  The 
"safe  load  "  is  not,  therefore,  according  to  these  formulas,  the  steady 
pressure  that  the  pile  could  bear  at  the  moment  of  receiving  the  last 
blow,  but  the  equivalent  pressure  which  would  at  that  moment  force 
the  pile  down  the  distance  of  the  final  set. 

After  receiving  the  blow  it  may  be  assumed,  on  empirical  princi- 
ples, that  the  pile  cotild  bear  that  weight  without  any  further  move- 
ment. 

These  considerations  appear  to  the  writer  to  meet  the  question: 
What  formula  can  be  used  safely  in  the  case  of  a  set  of  considerable 
amount,  6  ins.,  for  instance  ?  The  answer  appears  to  him  to  be: 
None  at  all.  He  considers  that,  in  order  to  use  any  formula  success- 
fully, the  piles,  in  all  cases,  should  be  driven  to  a  final  set  of  not  more 
than  1  in.  If  a  pile  40  or  50  ft.  long  continues  to  go  down  as  much  as 
6  ins.  under  the  hammer,  then,  to  apply  a  formula,  the  weight  or  fall 
should  be  reduced  until  only  1  in.  set  is  produced,  and  its  bearing 
capacity  then  calculated  by  whatever  formula  may  be  preferred.  If 
the  final  set  is  taken  at  1  in.,  then  Wellington's  formula  reduces  to 
Wh. 

Iu  regard  to  the  Wellington  formula,  which  the  writer  has  always 
been  inclined  to  favor  in  the  above  modified  form,  it  must  be  under- 
stood  distinctly  that,  like  all  empirical  expressions,  its  use  applies 
only  to  a  very  restricted  range  of  variation,  such  as  is  ordinarily  met 
in  practical  pile-driving.  That  is  to  say,  it  is  not  to  be  taken  as  a 
general  proposition  in  applied  mechanics.  If  we  so  regard  it,  we 
shall  be  involved  in  the  practical  absurdity  of  admitting  the  effect 
upon  the  pile  to  be  the  same  whether  a  50-lb.  hammer  and  1  000  ft. 
fall  were  used,  or  a  5  000  000-lb.  hammer  and  0.01  ft.  fall. 

If  specifications  called  for  a  hammer  weighing  2  000  lbs.  and  a  fall 
of  20  ft.,  giving  40  000  foot-pounds,  and  it  were  found  that  only  a 
1  500-lb.  hammer  were  available,  it  might,  under  the  circumstances, 
be  admissible  to  use  the  lighter  weight  with  a  27-ft.  drop,  but  not  one 
of  1  000  lbs.  and  a  40-ft.  drop,  the  effect  of  which  would  be  quite  differ- 
ent from  that  intended. 

Mr.  Haswell  uses  the  square  root  of  the  height,  instead  of  the 
height  itself,  in  his  formula.  The  writer  is  inclined  to  believe  that  this 
is  correct,  as  regards  the  work  practically  done  by  the  hammer,  and 
with   the  distinct  understanding   that  the  formula  applies,  like  the 
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Wellington,    only   to    comparatively    small    differences    of    fall.     The  Mr.  Gould, 
formula  also  contains  a  factor  of  safety,  varying  from  3  to  6.     Taking 
the  higher  value,  and  using  round  numbers,  it  will  be  seen  that  Mr. 
Haswell's  formula  reduces  to 

i  =  5  WV^h 

in  which  L  =  the  safe  ultimate  load,  expressed  in  the  same  unit  as  the 
weight  of  the  hammer. 

It  has  already  been  shown  that  Wellington's  formula,  for  inch 
refusal,  reduces  to 

L  =  W  h. 

Within  the  ordinary  range  of  height  of  fall  and  admitting  a  refusal 
of  1  in.  in  both,  the  two  will  not  differ  very  widely,  and  the  writer  is  in- 
clined to  believe  that  Mr.  Haswell  is  correct  in  minimizing  the  effect 
of  height,  particularly  as  this  tends  to  encourage  the  use  of  heavy 
hammers  and  low  drops. 

The  whole  subject  of  pile-driving  is  one  of  judgment  rather  than 
of  mathematics.  Mr.  Le  Conte  has  mentioned  some  of  the  curious 
changes  in  the  set  of  a  pile  brought  about  by  time,  according  to  the 
character  of  the  ground  penetrated.  It  seems,  however,  hardly  worth 
while  to  consider  the  case  of  such  materials  as  sand,  gravel  or  hard- 
pan.  Generally,  when  such  hard  formations  are  reached,  pile-driving 
is  stopped  and  a  case  of  bearing  piles  is  presented.  Soft  material 
under  or  above  water  is  what  we  are  most  concerned  with,  and  it  is  a 
matter  of  common  observation  that  piles  driven  in  such  material 
become  so  bound  by  skin  friction,  that,  after  24  hours  of  repose,  their 
refusal  becomes  much  greater  than  during  the  original  driving.  This 
seems  to  be  true  to  a  marked  degree  in  the  case  of  jetted  piles.  In 
such  material  piles  should  be  sent  down  as  rapidly  as  possible  by  a  con- 
tinuous volley  of  quick  blows.  This  would  work  havoc  with  our 
formulas,  unless  the  pile  driver  were  sent  back  again  next  day  to  test 
the  piles  for  final  set;  but  the  practical  result  would  be  superior. 

Hokace  J.  Howe,  M.  Am.  Soc.  C.  E. — The  results  of  Mr.  Mcll wain's  Mr.  Howe. 
experiments  in  Brooklyn  have  been  published  in  many  vjapers.     One 
of  his  conclusions  is,  that  the  effect  of  increasing  the  fall  of  the  ram  is 
to  increase  the  sustaining  power  of  the  pile  in  the  ratio  of  the  square 
root  of  the  fall. 

Another  conclusion  was,  that  by  adding  to  the  weight  of  the  ram  the 
sustaining  power  of  the  pile  was  increased  by  n,-  to  -,-0-  of  the  amount 
used  to  the  ratio  of  the  augmented- weight  of  the  ram. 

As  a  result  of  Mr.  Haswell's  experiments  with  1-lb.  weights,  he 
presents  a  formula  for  the  safe  bearing  power  of  a  pile,  in  terms  of  the 
weight  and  fall  of  the  hammer,  an  assumed  penetration  of  \  in.  or  less 
(which  does  not  appear  separately)  and  a  factor  of  safety.  As  in  other 
instances,  this  safe  load  is  found  varying   directly  with    W,  and   a 
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Mr.  Howe,  function  of  h  and  inversely  as  F;  and  there  seems  to  be  no  new  term 
added  to  make  the  formula  distinctive. 

Passing  from  the  question,  as  to  whether  the  experiments  have  been 
interpreted  properly,  to  the  general  question  of  the  application  of  a 
formula  to  common  practice,  there  seems  to  be  the  necessity  of  defin- 
ing, as  far  as  possible,  the  limit  of  the  reliability  of  any  formula. 

All  that  can  be  claimed  for  any  formula  for  the  safe  load  on  a  pile 
is  governed  by  the  condition  of  the  ground  at  the  time  of  driving. 

If  we  follow  the  career  of  a  pile  after  the  formula  has  left  it,  we 
enter  into  the  domain  of  history,  and  it  is  a  question  of  how  far  into 
history  we  care  to  go.  If  we  wish  short-time  tests,  say  a  week,  or  a 
year,  we  may  arrive  at  certain  conclusions.  If  we  wish  long-time 
tests,  say  40  or  50  years,  we  may  arrive  at  certain  other  conclusions,  or 
our  successors  may.  But  a  formula  is  only  a  neat  expression  for  a 
very  short-time  test  indeed,  and  the  emphasis,  at  the  present  time, 
should  be  placed  on  the  deleterious  action  of  long-time,  and  more 
or  less  continuous,  forces. 

For  instance,  take  the  movement  of  a  railroad  train  near  a  building. 
The  speaker  has  sat  in  a  frame  house  1  000  ft.  from  the  track,  and  has 
been  astonished  many  a  time  at  the  noise  made  by  the  structure,  due 
to  the  vibration  transferred  through  dry  loamy  soil  to  the  masonry 
foundations,  and  thence  up  to  the  top  story. 

Again,  another  example  is  a  factory  on  Fort  Point  Channel,  Boston, 
in  which  the  movements  of  the  pdes  are  seen  plainly  when  the  machinery 
is  in  motion.  A  long  pendulum  is  set  up  inside  the  building  to  chron- 
icle the  changes.  The  building  is  new,  and  the  blue  clay  is  pretty 
reliable,  and,  therefore,  the  settlement,  so  far,  has  been  slight. 

Sometimes  we  see  or  hear  of  a  layer  of  concrete  5  or  6  ft.  thick 
going  into  a  foundation,  without,  perhaps,  being  able  to  find  the 
man  who  figured  the  exact  thickness  required.  In  the  light  of  these 
principles,  and  with  a  pile  foundation,  it  may  not  be  altogether  a  waste 
of  money. 

Then,  water  is  another  long-time  agent,  tending  not  only  to  convey 
lubricants  to  the  pile,  but  to  move  the  adjacent  soil  perhaps  laterally. 

The  matter  of  incident  decay,  too,  is  of  the  widest  interest.  It 
involves  a  knowledge  of  the  proper  elevation  above  low  water  at  which 
to  cut  off  the  pile  or  to  limit  the  grillage  in  different  soils  and  for  dif- 
ferent purposes.  The  determination  of  this  limit  is  still  in  the  experi- 
mental stage,  and  depending  on  the  years  as  an  umpire  of  opinions. 

Then  another  point,  beyond  the  reach  of  the  formula,  is  the  relative 
supporting  power  of  one  pile,  and  of  a  mass  of  piles;  or  the  relative 
supporting  power  of  a  small  and  of  a  large  surface.  This  is  also  in  the 
experimental  stage. 

Meanwhile,  the  pile,  with  its  never- sleeping  load,  takes  advantage  of 
any  errors  of  judgment  on  the  part  of  the  engineer,  and  slips  down  and 
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down  and  never  rights  itself.     So  that,  for  work  which  is  to  be  perrna-  Mr  Howe, 
nent,  the  emphasis  should  be  on  the  long-time  experiments. 

Ex  eriments  to  the  ultimate,  of  any  kind,  aie  rare,  and  it  may  be 
the  proper  time  to  say  that  it  is  scarcely  creditable  to  the  profession. 
Eecently,  in  a  room  full  of  engineers,  the  question  was  asked  as  to  ulti- 
mate experiments,  and  there  was  no  answer. 

The  profession  is  indebted  to  Mr.  Haswell  for  again  bringing  this 
condition  of  things  to  its  attention. 

L.  J.  Le  Conte,  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer  is  much  Mr.  LeConte. 
interested  in  this  subject,  and  is  pleased  with  the  manner  in  which  it 
is  presented.  The  author  is  correct  in  his  criticism  of  existing  formu- 
las. The  true  cause  for  this  extraordinary  discrepancy  in  computed 
results,  as  determined  by  standard  formulas,  is  to  be  traced  to  the  fun- 
damental fallacy  of  assuming  that  the  resistance  of  the  soil  to  the 
penetration  of  the  pile  is  constant,  for  any  given  depth,  during  the  time 
the  pile  is  being  driven,  and  that  this  condition  remains  constant  after 
the  pile  is  driven.  Both  of  these  assumptions  are  absolutely  untenable. 
Hence  the  writer  has  considered  the  problem  as  being  largely  beyond 
the  reach  of  mathematical  formulas  which  demand  rigid  facts  as  a 
foundation,  and  this  rigidity  does  not  exist.  The  following  notes,  based 
on  personal  experience,  will  go  to  show  the  absurdity  of  relying  upon 
the  computed  results  as  obtained  from  the  use  of  the  ordinary  standard 
formulas. 

Case  1.  Sandy  Soils.  —  Soon  after  driving  begins,  a  cone  of  resist- 
ance forms  at  and  near  the  foot  of  the  pile,  and  the  material  comprising 
this  cone  becomes  more  and  more  compressed  as  the  pile  descends,  the 
penetration  at  each  blow  becoming  less  and  less  until  it  reaches  a  final 
minimum,  of,  say,  0.5  in.,  when  the  driving  is  completed.  Now,  wait 
24  hours  or  more,  and,  by  way  of  experiment,  begin  driving  a  second 
time.  It  will  be  observed  that  the  same  pile  now  penetrates  4 
to  5  ins.  at  the  first  blow.  What  does  this  mean  ?  It  simply  means 
that  the  compressed  material  surrounding  the  pile  has  had  time  to  dissi- 
pate, or  readjust  itself,  so  that  the  soil  has  resumed  its  normal  condition, 
such  as  existed  before  any  driving  was  done.  It  would  appear,  there- 
fore, that,  in  sandy  soil,  the  penetration  at  the  last  blow  is  a  very 
dangerous  and  misleading  element  to  figure  on,  for  the  reason  that  it 
is  dependent  upon  a  temporary,  abnormally  compressed  condition  of 
the  soil,  which  is  always  short-lived,  and  cannot  be  depended  upon  as 
a  reliable  function  in  any  formula.  It  is  evident  that,  in  sandy  soil, 
the  Dutch  formula,  by  pro  rata  of  number  of  blows,  is,  for  obvious  rea- 
sons, preferable  to  the  final-penetration  formulas. 

Case  2.  Plastic  Muds  and  Clays. —The  physical  conditions  are  entirely 
different  from  those  in  Case  1.  It  is  true  that  the  penetration  at  each 
successive  blow  becomes  less  and  less  until  the  driving  is  completed, 
that  at  the  last  blow  being,  say,  3  ins.     Now,  as  before,  wait  24  hours 
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Mr.  LeConte.  or  more  and  begin  driving  the  same  pile  a  second  time.  It  will  be 
found  that  the  hammer,  after  repeated  blows,  cannot  start  the  pile  at 
all.  In  this  case,  then,  the  penetration  at  the  last  blow,  3  ins.,  is  no 
index  whatever  as  to  what  load  the  pile  will  withstand.  The  blow 
necessary  to  start  the  pile  after  standing  at  rest  for  24  to  48  hours  is 
the  better  test.  This  curious  physical  property  of  tae  plastic  muds 
and  clays  has  been  properly  likened  to  the  similar  results  obtained  by 
forcing  a  pin  into  a  solid  india-rubber  ball.  The  same  force  which 
pushed  it  in  will  pull  it  out  again  if  it  is  pulled  out  immediately;  but, 
after  waiting  24  hours,  the  force  required  will  be  five  times  as  great. 

Case  3.  Hardpan  and  Sandy  Clays. — In  this  material  the  most  per- 
jdexing  results  of  all  are  to  be  found.  The  writer  has  never  seen  any 
two  hardpans  which  developed  the  same  results.  The  ultimate  result 
depends,  not  only  upon  the  percentage  of  clay  and  sand  in  the  hardpan, 
but  also  upon  the  solubility  of  the  clay  when  brought  into  contact  with 
the  local  ground-water.  Where  piles  are  driven  through  ground-water 
overlying  hardpan,  the  water  invariably  follows  each  pile  down  as  it 
penetrates  the  ground,  and  softens  the  clay  in  contact  with  the  surface 
of  the  pile,  and  often  practically  destroys  all  lateral  friction.  In  such 
cases  the  only  point  of  support  is  at  the  end  of  the  pile,  and  the  over- 
head load  will  be  supported  by  a  cluster  of  columns  (piles),  the  heights 
of  which  are  equal  to  the  length  of  the  piles. 

Finally,  there  is  no  doubt  about  the  fact  that  the  best  way  to  test 
the  bearing  power  of  piles,  in  any  given  ground,  is  to  drive  exjieri- 
mental  piles  to  the  required  depth,  then  load  them  with  pig-iron  and 
observe  the  effects  after  long  standing,  and  thus  find  by  trial  their  ulti- 
mate resistance.  This  is  not  always  practicable,  in  which  case  the  next 
best  way  is  to  drive  experimental  piles  to  the  depth  required  or  specified, 
then  let  them  rest  for  48  hours  or  more  and  drive  them  a  second  time, 
and  note  the  drop  of  the  hammer  necessary  to  start  the  pile  and  the 
first  penetration  in  inches.  The  results  thus  obtained  represent  more 
nearly  the  resistance  of  the  soil  in  its  normal  condition. 
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Bv  Messrs.  L.  J.  Le  Conte  and  William  E.   Hutton. 


L.  J.  Le  Conte,  M.  Aiq.  Soc.  C.  E.   (by  letter). — This  paper  shows  Mr.  LeConte. 
much  careful  study  and  research,  while  the  tabulated  results  add  very 
materially  to  its  value.     The  writer  will  confine  his  remarks  to  the 
economic  features  of  construction  as  applied  to  the  covering  of  reser- 
voirs and  filters  in  general. 

The  masonry  coverings  considered  by  the  author  are  extremely 
pleasing  to  the  eye  and  are  highly  satisfactory  in  every  respect  except 
as  to  cost.  There  are  many  modern  designs  for  masonry  coverings, 
composed  of  concrete  and  iron  tie-bars  combined,  which  are  equally 
durable,  strong  and  efficient,  take  up  less  space  inside  and  are  cheaper 
and  better  in  every  way.  Taking  the  author's  limiting  planes,  for 
volumetric  comparison,  the  modern  designs  with  span  of  25  ft.  and 
thickness  of  only  2  ft.  would  require  about  0.70  cu.  ft.  of  Portland 
cement  concrete  per  superficial  foot  of  roof  covering,  and  the  expense 
would  not  exceed  50  cents  per  foot;  if  the  spandrels  were  not  filled  in 
with  masonry,  the  cost  would  not  be  more  than  35  cents  per  superficial 

*This  discussion  (of  the  paper  by  Leonard  W.  Metcalf,  Assoc.  M.  Am.  Soc.  C.  E., 
printed  in  Proceedings  for  April,  1899)  is  printed  in  Proceedings  in  order  that  the  views 
expressed  may  be  brought  before  all  members  of  the  Society  for  further  discussion. 
(See  rules  for  publication,  Proceedings,  Vol.  xxv,  p.  71.) 

Communications  on  this  subject  received  prior  to  October  20th,  1899,  will  be  printed 
in  a  later  number  of  Proceedings,  and  subsequently  the  whole  discussion  will  be  pub- 
lished in  Transactions. 
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Mr.  LeConte.  foot  of  roofing.  Roughly  speaking,  1000  cu.  ft.  of  good  Portland 
cement  concrete  are  enough  for  1  875  sq.  ft.  of  covering.  Hence,  the 
writer  thinks  that,  in  course  of  time,  financial  reasons,  more  than  any 
others,  will  drive  groined  arches  from  the  field  of  competition. 
Mr.  Hutton.  Wii/liam  R.  Hui ton,  M.  Am.  Soc.  C.  E.  (by  letter). — The  author 
remarks  that  all  the  examples  of  the  groined  arch  in  engineering 
structures  that  have  come  to  his  knowledge  are  in  the  United  States. 
These  applications  are  not  new  in  Europe,  however.  In  1863-65  Mr. 
Belgrand  built  the  reservoirs  of  Menilniontant  and  Belleville  in  Paris, 
both  of  two  stories.  The  lower  story  is  covered  with  semi-circular 
groined  arches  of  16  ft.  clear  span  on  piers  4  ft.  8  ins.  square.  The 
arches  are  14  ins.  thick  at  the  crown,  and  are  leveled  up  with  masonry. 
The  upper  reservoir  is  covered  with  groined  arches  of  18  to  20  ft.  span, 
and  2  ft.  8  ins.  rise;  the  arches  being  formed  of  two  thicknesses  of  tile 
laid  in  cement,  breaking  joint.  Their  total  thickness  is  less  than 
3  ins.     Upon  this,  18  ins.  of  earth  and  sod  are  laid. 

Ten  or  more  years  later,  the  reservoir  of  Montsouris  was  built  in 
the  same  way.  The  lower  reservoir  is  covered  with  groined  arches  in 
rubble  masonry  14  ins.  thick  at  the  crown;  the  haunches  being  filled 
with  concrete  or  masonry.  The  upper  reservoir  is  covered  by  a  series 
of  groined  arches  less  than  3  ins.  thick,  on  spans  of  18  ft.,  with  a  rise 
of  2  ft.  8  ins.  This  thin  arching  is  the  "  Guastavino  "  method,  recently 
introduced  into  America  by  the  architects.  The  writer  has  not  investi- 
gated the  origin  of  this  system  of  arching  as  apjflied  to  reservoirs, 
which  has  been  used  by  others  than  Belgrand,  and  in  other  places. 
The  "  Guastavino  "  method  is  much  older.  The  Church  of  St.  Eugene 
(Paris),  in  1854,  was  ceiled  and  roofed  with  Gothic  ribs  of  iron,  the 
arched  surfaces  between  the  ribs  being  of  tiles  laid  flat,  in  cement. 

The  upper  reaches  of  the  Canal  St.  Martin,  in  Paris,  rest  upon 
gypsum.  The  material  in  places  has  been  dissolved  out  from  under 
two  of  the  upper  locks  and  from  one  short  level,  by  the  filtration  of 
water  from  the  canal  and  from  the  Basin  of  La  Villette.  These  have 
been  repaired  by  means  of  piers  sunk  30  ft.  and  40  ft.  to  solid  ground, 
and  from  them  spring  groined  arches  of  brick  or  rubble  to  form  the 
floor. 
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Discussion.* 


By  Mr.   Samuel  M.  Rowe. 


Samuel  M.  Rowe,  M.  Am.  Soc.  C.  E.  (by  letter). — These  researches  Mr.  Rowe. 
by  Mr.  Curtis  certainly  have  much  value,  not,  perhaps,  for  any  definite 
conclusions  adduced,  or  that  can  be  adduced,  so  much  as  for  giving  a 
resume  of  the  question  of  timber  preserving  from  the  time  of  the 
report  of  the  Committee  of  this  Society  in  1885  to  the  present  time. 
That  this  article  is  resulting  in  an  awakening  to  the  importance  of  this 
matter  seems  to  justify  its  preparation  and  the  great  amount  of  labor 
and  care  required,  and  it  is  to  be  hoped  that  something  more  than 
thanks  will  be  accorded. 

The  pressing  needs  of  the  day  for  cross-ties  to  supply  the  waste 
on  existing  railroads  and  for  new  lines  has  called  attention  sharply 
to  the  necessity  of  some  method  of  preventing  the  rapid  depletion  of 
the  available  stock  of  timber,  particularly  as  few  American  railroads 
are  yet  prepared  to  resort  to  metal  ties. 

The  discussion  of  this  matter,  both  in  this  case  and  generally,  is 
somewhat  confusing,  but  probably  pertinent  and  worthy  of  consid- 
eration. To  extricate  ourselves  from  this,  however,  and  to  place  our- 
selves on  something  like  solid  ground,  we  are  inclined  to  fall  back 
on  experience  and  give  some  of  the  conclusions  derived  therefrom. 

It  came  into  the  province  of  the  writer  in  1885,  to  be  placed  in 
charge  of  the  works  then  just  completed   at  Las  Vegas,   N.  Mex.,  a 

*  Continued  from  August,  1899,  Proceedings.  See  April.  1899,  Proceedings  for  Paper 
by  "W.  W.  Curtis,  M.  Am.  Soc.  C.  E.,  on  the  subject. 
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Mr.  Rowe.  position  in  winch  it  was  imperative  to  make  a  close  study  of  the  phil- 
osophy, the  practical  workings,  the  methods  used,  the  nature  of  the 
chemicals,  as  well  as  a  thorough  analysis  of  the  results  attained.  The 
zinc-tannin  or  Wellhouse  patent  process  was  to  be  used,  and  in  this 
study  the  aid  of  O.  Chanute,  M.  Am.  Soc.  0.  E. ,  and  the  late  Joseph 
P.  Card,  Assoc.  Am.  Soc.  C.  E.,  was  availed  of;  they  being  owners  of 
the  then  existing  patents  on  the  process.  It  is  unnecessary  to  say 
that  the  conclusions  there  reached  were  and  are  still  of  much  value, 
no  occasion  for  revision  to  any  extent  having  arisen. 

It  is  a  pleasure  to  read  the  contribution  of  Mr.  Noyes,  in  reference 
to  these  works,  and  it  is  very  desirable  that  more  such  men  enter 
the  field  to  add  to  the  number  of  careful  observers. 

It  is  not  deemed  necessary  or  desirable  to  go  deeply  into  this  dis- 
cussion at  the  present  time,  and  the  writer  will  confine  his  remarks 
to  a  general  survey  of  the  practical  2^oints  of  the  situation  and  to 
the  importance  of  educating  practical  operators,  of  whom  there  are 
too  few. 

We  should  not  place  particular  stress  on  the  process  used,  whether 
it  be  the  Burnett,  the  zinc-tannin  or  the  creosote  process,  the  appli- 
ances  and  methods  being  quite  similar,  but  on  correct  and  efficacious 
methods,  the  main  point  being  to  get  the  absorption  of  a  proper 
amount  of  chemicals,  or  rather  to  prepare  the  timber  for  it.  To  do 
this,  a  thorough  knowledge  of  the  absorptive  qualities  of  the  timber 
to  be  treated,  as  to  density,  dryness,  etc.,  must  be  had,  after  which 
judgment  and  discretion,  with  some  degree  of  practical  experience, 
will  be  the  best  guides. 

In  regard  to  the  question  of  securing  any  desired  degree  of  absorp- 
tion, it  depends  on  the  density  of  the  timber;  but  as  to  the  effectiveness 
of  the  process  used  (steaming  or  the  vacuum),  there  is  little  question. 
By  natural  absorption,  that  is,  by  soaking  or  immersing  in  water, 
would  require,  under  the  most  favorable  circumstances,  some  thirty 
days  to  absorb  as  much  as  will  be  injected  by  this  method  in  a  few 
hours  (five  or  six  altogether). 

It  should  be  remembered,  too,  that  the  amount  of  chemicals,  or 
antiseptics,  has  not  all  to  do  with  the  results,  neither  can  a  super- 
abundance of  the  chemical  be  relied  upon  to  make  amends  for  lack  of 
judgment  in  respect  to  other  parts  of  the  treatment.  The  overplus 
above  that  which  long  experience  and  trial  in  the  track  has  shown  to 
be  necessary  is  worse  than  money  thrown  away.  The  saying  in  the 
"Hoosier  Schoolmaster,"  "  While  yer  gittin  git  a  plenty,"  will  hardly 
hold  in  this  case. 

The  question  of  choosing  open-grained  timber  is  to  some  extent 
misleading,  as  the  writer's  observations  for  the  last  15  years  lead  him 
to  believe  that  the  expression  "the  better  the  timber,  the  better  the 
tie,"  is  in  the  main  true,  the  fact  remaining  that  many  of  the  timbers 
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now  deemed  worthless  for  this    purpose,  may  be  made  lasting  and  Mr.  Rowe. 
serviceable. 

The  mention  of  small  ties,  6x8  ins.,  deserves  notice.  A  sawed  tie 
less  than  7  by  9  ins.  can  on  no  rational  grounds  be  defended. 

The  degree  of  drying  which  a  tie  should  have  should  be  sufficient 
to  relieve  the  wood  of  at  least  half  its  water;  the  time  required  to  do 
this  depending  on  climate,  moisture  and  other  conditions  which  vary 
in  different  parts  of  the  country.  There  may  be  exceptions  as  to 
this  with  timbers  which  have  not  yet  come  under  the  writer's  notice. 

If  the  writer  were  permitted,  he  would  say  to  the  railroad  manager, 
that  in  many  cases  such  a  plant,  equipped  and  operated,  would  prove 
of  as  inuch  advantage  as  a  repair  shop,  and  should  have  the  same 
attention  and  care;  the  manager  of  the  works  being  educated  in  this 
particular  line  and  equally  as  well  paid  as  the  master-mechanic  of  his 
repair  shop.  No  man  can  be  prepared  for  this  without  close  contact 
with  the  practical  part  of  the  work  and  a  close  study  of  its  operation. 

As  an  example  of  this,  one  of  the  largest  railroad  systems  in  the 
United  States,  put  aside  all  theories  and  speculations  as  to  particular 
methods  and  took  the  tangible  results  shown  on  the  financial  sheets 
of  cost  of  maintenance,  viz.,  a  reduction  of  renewals  from  over  20%  in 
1885,  to  less  than  5%  in  1897-98. 
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By  Mr.  George  W.  Eafter. 


Mr.  Rafter.  George  "W.  Eafter,  M.  Am.  Soc.  C.  E.  —  The  author  desires  to 
express  satisfaction  at  the  appreciative  discussion  of  the  paper.  That 
there  is  an  important  place  in  the  literature  of  concrete  for  a  paper  of 
this  character  is  -well  indicated  by  the  remark  of  Mr.  Fowler  : 

"  Many  writers  on  this  subject  have  assumed  that  every  concrete, 
no  matter  what  the  proportions  may  be,  has  simply  a  yard  of  broken 
stone,  without  regard  to  the  fact  that  there  is  more  or  less  mortar  in 
different  proportions." 

The  author  has  been  greatly  surprised,  in  looking  over  the  literature 
of  concrete,  to  see  how  far  this  fallacy  has  been  accepted.  It  has  also 
been  matter  of  surprise  to  find  a  nearly  absolute  dearth  of  definite  in- 
formation as  to  the  amount  of  mortar  and  concrete  produced  by  defi- 
nite proportions  of  cement,  sand  and  broken  stone,  as  well  as  the  unit 
weight  of  the  resultant  concrete. 

This  paper,  taken  in  connection  with  the  more  extended  informa- 
tion given  in  the  report  to  the  State  Engineer  and  Surveyor  of  New 
York,  is  an  attempt  to  supply,  in  some  slight  degree,  what  appears, 
after  study  of  the  question,  to  be  a  very  material  deficiency.  The 
results  are,  however,  unsatisfactory  to  the  author  in  this  particular  ; 
that,  having  laid  out  the  plan  of  work,  no  special  study  of  the  data 
was  maele  until  about  two  years  after  the  completion  of  the  tests.  This 
was  a   mistake.     The  data  should  have  been  tabulated  and  studied 

*  Continued  from  August,  1899,  Proceedings.  See  April,  1899,  Proceedings,  for  Paper 
by  George  W.  Rafter,  M.  Am.  Soc.  C.  E.,  on  the  subject. 
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from  day  to  day  during  the  progress  of  the  tests.     Had  this  been  done,  Mr.  Rafter, 
there  seems  to  be  no  doubt  that  some    of  the  irregularities   of  the 
results  could  have  been  eliminated. 

The  subject  is  extremely  complicated,  many  apparently  insignificant 
elements  entering  in  to  detract  from  the  strict,  scientific  accuracy  of 
the  results.  The  more  especially  is  this  true,  as  in  the  present  case, 
where  an  attempt  has  been  made  to  keep  the  results  on  practical  lines 
purely,  using  only  such  methods  as  could  be  applied  in  practice  on 
work,  without  adding  unduly  to  the  cost  of  concrete.  However,  tak- 
ing this  latter  condition  into  account,  the  author  reiterates  the  view 
expressed  in  the  paper,  that  the  results  are  very  good. 

Occasion  is  taken  at  this  place  to  especially  call  to  the  attention  of 
those  participating  in  the  discussion,  that  the  results  of  these  tests 
are  given  in  great  detail  in  the  annual  report  of  the  State  Engineer 
and  Surveyor  of  New  York  for  1897.*  The  results  of  a  previous  set  of 
tests  made  in  1893  are  given  in  the  annual  report  of  the  State  Engineer 
for  1894.  Eeference  to  all  these  reports  should  be  made  by  anyone 
wishing  full  data. 

As  regards  mixing  concrete,  either  by  hand  or  machinery,  the 
author's  experience  is  that  with  proper  supervision,  good  concrete  can 
be  obtained  by  either  method.  As  remarked  by  Mr-.  Tiilson,  the  diffi- 
culty in  hand  mixing  is  to  insure  thorough  work.  On  this  point  the 
author  has  found  that  by  drilling  a  gang  of  laborers  to  work  strictly 
according  to  formula,  performing  each  operation  in  the  same  way, 
every  time,  there  is  little  difficulty  about  securing  fairly  uniform 
results  by  band  mixing.  Nevertheless,  the  author's  opinion  is  that 
proper  machine  mixing  is  preferable,  as  leading  to  a  uniformity  of 
product  which,  while  possible  to  attain  by  hand  mixing,  is  still  some- 
what difficult.  In  a  general  way,  the  author  agrees,  therefore,  with 
the  statement  of  Mr.  Gould,  that  no  hand-made  concrete,  using  the 
same  proportions,  can  equal  a  machine-made  product,  because  of  the 
thorough  way  in  which  the  machine  churns  up  the  entire  mass. 

The  tests  show  that  dry  concrete  is  considerably  stronger  than  that 
made  with  excess  of  water.  As  stated  in  the  report  to  the  State  Engi- 
neer and  Surveyor,  the  author's  experience  has  taught  him  that  the 
only  way  in  which  dry  concrete  can  be  safely  used,  especially  in  warm 
weather,  is  to  wet  the  surface  thoroughly  as  soon  as  the  ramming  has 
been  completed,  and  to  keep  the  surface  wet  until  after  the  completion 
of  the  setting.  This  procedure  will  be  likely  to  prevent  the  formation  of 
the  partings  between  successive  beds  referred  to  by  Mr.  Gould.  The 
author,  however,  does  not  intend  .to  be  insistent  as  to  the  use  of  dry 
concrete,  but  rather  presents  the  results  of  these  tests  for  comment 
and  professional  criticism.  He  is,  nevertheless,  well  satisfied  that  dry 
concrete,  with  the  mortar  comprising  40%"  of  the  aggregate  material, 

*  See  also  "  Report  on  Tests  of  Metals  and  other  Materials."  Watertown  Arsenal,  for 
1898,  where  may  be  found,  also,  results  of  other  concrete  tests. 
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Mr.  Rafter,  can  be  made  practically  water-tight.  In  recent  work  with  a  concrete 
of  this  composition,  a  dam  has  been  constructed,  which,  with  one  ex- 
ception, shows  absolutely  no  moisture  on  the  face.  The  one  exception 
is  two  pin  holes,  both  within  an  area  of  1  sq.  ft.  Their  presence  can 
only  be  taken  to  indicate  careless  work — for  the  moment,  evidently, 
vigilance  was  relaxed — but  this  single  exception  can  hardly  be  taken 
as  proving  the  inapplicability  of  dry  concrete.  In  any  case,  it  is 
certain  that  plastic  and  excess  concretes  can  be  used  much  more 
easily  than  dry,  and  the  practical  question  is,  after  all,  whether  the 
gain  in  strength  is  enough  to  compensate  for  the  increased  chance  of 
poor  work. 

As  to  ultimate  strength,  it  seems  certain  that  time  is  a  great 
eliminator  of  the  differences  between  dry,  plastic  and  excess  concretes, 
the  tendency  being  undoubtedly  to  show  less  and  less  difference  in 
ultimate  strength  with  increase  of  age. 

The  concrete  blocks  here  discussed  were  made  between  July  10th 
and  September  5th,  1896.  They  were  broken  between  January  29th 
and  May  10th,  1898.  The  ages  of  the  blocks,  therefore,  varied  from 
about  670  to  about  570  days.  The  exact  age  of  each  block  may  be 
obtained  by  reference  to  Table  No.  1  of  the  report  to  the  State  Engi- 
neer and  Surveyor,  in  the  annual  report  for  1897. 

One  important  point  which  the  author  had  in  mind  in  making 
these  tests  was  to  show  that,  for  many  purposes,  the  formulas  in 
common  use  give  concretes  which  are  unnecessarily  expensive.  Thus, 
for  foundations  which  are  entirely  under  water  there  is  no  object,  so 
far  as  the  author  can  see,  in  spending  the  money  necessary  to  make 
an  absolutely  impervious  concrete.  For  such  work  a  30  or  33% 
concrete  is  apparently  sufficient.  The  same  is  also  true  of  retaining 
walls,  for  which  concrete  is  now  used  extensively,  and  through  which 
weep  holes  can  be  left,  thus  insuring  that  water  will  not  penetrate 
any  considerable  distance  into  a  30%  concrete,  and  which  may,  as  the 
author  is  well  aware,  contain  a  slight  percentage  of  voids. 

Where  water-tight  work  is  required,  the  mortar  may  be  made  from 
40  to  45%"  of  the  aggregate.  By  using  different  sized  stone  for  the  ag- 
gregate, there  seems  to  be  no  doubt  that  40  to  42%  of  mortar  will 
make  a  practically  water-tight  material.  The  author  says  practically 
water-tight,  because  the  quality  of  the  mortar  will,  in  some  degree, 
decide  as  to  absolute  water-tightness. 

In  the  original  tests  of  1893,  the  ratio  of  broken  stone  to  mortar  was 
made  mostly  42%,  a  few  blocks  having  been  fabricated  with  the  ratio 
of  30  per  cent.  These  blocks  were  all  broken  under  the  author's  per- 
sonal supervision,  and  none  of  the  42%  blocks  exhibited  any  voids 
visible  to  the  eye.  They  were,  in  the  best  sense  of  the  word,  solid 
blocks.  Blocks  of  30  and  33%,  however,  exhibit  some  voids,  the 
greatest  difficulty  with  such  concretes  being  to  make  them  absolutely 
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fill  out  all  the  voids  next  to  the  forms.     This  is  a  difficulty  which  is,  Mr,  Rafter, 
however,  very  easily  corrected  by  using  a  somewhat  larger  proportion 
of   mortar  next  to  the  forms,  as  has  frequently  been  done  with  good 
success  on  work. 

In  the  series  of  tests  made  in  1896,  and  which  are  here  specially 
coasidered,  the  author  is  unable  to  say  as  to  whether  there  were  any 
appreciable  voids  in  the  33%"  concretes,  but  from  his  experience  with 
the  31%  concretes  made  in  1893,  he  would  be  disposed  to  say  that  the 
voids  were  very  small,  especially  in  the  plastic  and  excess  concretes. 
Under  this  head  it  may  be  pointed  out  that  the  effect  of  ramming  is  to 
decrease  the  voids.  This  was  strongly  brought  out  by  a  series  of  tests 
in  which  it  was  found  that  the  Portage  stone,  broken  to  pass  through 
a  2-in.  ring,  when  slightly  shaken  in  the  measure,  gave,  as  a  mean  of 
five  trials,  43.3,%  voids.  The  same  stone  packed  in  a  measure  with  a 
tainping  iron,  used  about  as  forcibly  as  the  ordinary  ramming  of  con- 
crete, gave,  as  a  mean  of  five  trials,  31  A%  voids.  In  these  tests  the  air 
was  driven  out  of  the  voids  entirely. 

The  author  has  little  doubt  that,  with  the  lubrication  of  the  mortar, 
the  voids  are  reduced,  under  thorough  ramming,  to  not  much  more 
than  about  30  per  cent.  It  is  from  this  point  of  view  that  he  decided  to 
use  33%"  of  mortar  in  the  tests  herein  discussed,  that  quantity  of 
mortar  being  enough  to  just  about  insure  filling  the  interspaces  of  the 
stone.     Such  a  concrete  will  not,  however,  be  absolutely  water-tight. 

In  the  same  way  the  excess  of  mortar  in  40%"  concrete  was  considered 
to  be  large  enough  to  insure  practical  water-tightness.  It  is  possible, 
however,  that  slightly  larger  proportions  than  the  foregoing  should,  in 
some  cases,  be  used.  On  the  other  hand,  by  selecting  aggregate  ma- 
terials of  different  sizes,  thus  reducing  the  proportion  of  voids,  it  is 
believed  that  the  proportions  of  33  and  40,%'  fairly  meet  the  great 
majority  of  cases. 

Mr.  Conrow  points  out  that  the  average  ratios  of  strength  are,  for 
concretes  with  dry  mortars,  29.1;  plastic,  26.6;  excess,  25.3;  as  based 
on  the  average  of  ten  tests.  From  these  figures  he  deduces  that  dry 
concrete  is  about  15%"  stronger  than  wet.  In  his  experiments  as  to 
relative  cost  of  laying  wet  concrete  versus  dry  concrete,  he'found  that 
wet  concrete  coitld  be  fabricated  at  a  cost  for  labor  of  $1.13  a  yard,  dry 
concrete  costing,  with  other  conditions  the  same,  $2.12  a  yard.  This 
is  for  hand  labor.  The  author's  experience  is  that  for  machine-mixed 
concrete,  aside  from  ramming,  the  cost  will  be  no  greater  for  dry  than 
for  wet.  As  an  average,  the  ramming  of  dry  concrete  will  cost  25  cents 
per  yard  more  than  for  wet. 

Mr.  Hazen's  discussion  of  the  conditions  involved  in  the  determina- 
tion of  voids,  and  as  to  the  weight  of  concrete,  illustrates  forcibly  how 
far  we  are  from  appreciating  the  practical  considerations  to  be  taken 
into   account  in   making   concrete,    especially   when   the    subject   is 
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Mr.  Rafter,  approached  from  the  theoretical  point  of  view  purely.  However,  as  to 
determining  the  voids,  the  use  of  the  method  outlined  bj  Mr.  Hazen 
seems  to  the  author  to  give  results  too  large.  Independent  of  its  lack 
of  applicability  out  on  work,  the  author  believes  that  the  displacement 
method  of  determining  voids  is  for  clean  material,  much  the  better.  A 
knowledge  as  to  the  interstices  in  the  aggregate  material  or  ballast  is 
wanted  and  not,  in  any  degree,  the  porosity  of  the  material.  The 
author  does  not  wish  to  be  understood,  however,  as  saying  that  informa- 
tion as  to  the  porosity  of  aggregate  material  may  not  be  of  importance, 
the  more  especially  since  such  information  is  very  necessary  in  order  to 
decide  between  different  samples.  His  point  is,  that,  as  regards  con- 
crete mixtures,  what  is  wanted  is  the  volume  of  the  interspaces  between 
the  stones,  independent  of  the  porosity.  Limestones,  sandstones  and 
other  aggregates  are  often  quite  porous,  and  the  method  by  specific 
gravities  apparently  takes  into  account  this  porosity.  Limestones 
sometimes  absorb  b%  of  their  weight  of  water,  and  sandstones  as  much 
as  7%,  while  broken  brick  may  absorb  20  per  cent.  As  fair  averages, 
we  may  take  limestone  at  3%,  sandstone  4%,  and  broken  brick  10  per 
cent.  The  most  practical  way  to  proceed  is  to  first  thoroughly  wet  the 
broken  stone  and  allow  it  to  drain  before  placing  it  in  the  measure. 
Water  should  then  be  poured  in  slowly  and  at  one  corner  of  the 
measure,  thereby  insuring  the  driving  out  of  the  air.  For  sand,  absorp- 
tion into  the  pores  is  so  small  that  it  may  be  neglected,  but  it  is  im- 
portant to  pour  in  the  water  slowly  and  at  one  corner  of  the  measuring 
box.  This  procedure  applies  to  clean  sand.  For  sand  contain- 
ing much  vegetable  mould  or  other  foreign  matter,  Mr.  Hazen's 
remarks  as  to  the  uncertainty  of  the  displacement  method  apply 
forcibly.  As  regards  the  penetration  of  water  into  the  pores  of  the 
aggregate  material,  it  may  be  remembered  that  the  smearing  of  the 
broken  stone  with  mortar  tends  to  seal  up  the  pores  in  properly-inade 
concrete,  thus  preventing  the  ingress  of  any  considerable  amount  of 
water.  In  any  case,  taking  into  account  the  porosity  of  the  aggregate 
material  is  a  misleading  refinement. 

There  is  no  reason  why,  with  care,  any  ordinarily  intelligent  fore- 
man cannot,  by  the  foregoing  simple  method,  determine  quickly  the 
voids  in  aggregate  material  and  clean  sand,  as  often  as  required,  and 
well  within  any  limit  of  accuracy  needed  for  proportioning  concrete. 

Reference  has  already  been  made  to  the  original  series  of  tests  of 
1893,  and  which  are  reported  virion  in  the  annual  report  of  the  State 
Engineer  and  Surveyor  for  1894.  The  weights  of  the  42%  blocks  fabri- 
cated at  that  time  ranged  from  about  145  lbs.  per  cubic  foot  to  about 
150  lbs.,  the  variation  in  weight  being  in  some  proportion  to  the  strength 
of  the  mortar,  blocks  with  1  to  1  mortar  being  heavier  than  those 
with  1  to  2  or  1  to  3.  In  some  cases,  cubes  of  1  ft.,  with  1  to  1  mortar, 
42%,  weighed  from  150  to  160  lbs.     The  tests  of  the  series  of  1893  are, 
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however,  unsatisfactory  in  this,  that  the  exact  dimensions  of  the  blocks  Mr.  Rafter, 
were  not  taken,  and  there  is  probably  some  uncertainty  in  the  figures 
on  this  account. 

In  the  tests  of  the  series  of  1896,  and  which  are  here  specially  con- 
sidered, no  such  uncertainty  exists;  the  exact  dimensions  of  each  block 
were  taken  carefully  and  the  weights  per  cubic  foot  computed  therefrom. 
In  Table  No.  15  we  have  the  mean  weights  of  all  the  concrete  blocks  in 
pounds.  The  Portage  sandstone  used  as  ballast  weighs  155  lbs.  per 
cubic  foot,  and  has,  when  crushed  in  12-in.  cubes,  a  crushing  strength 
of  6  000  to  7  000  lbs.  per  square  inch.  A  few  determinations  of  weight 
of  mortar  used  show  the  following  mean  weights  per  cubic  foot: 

Weight  per 
cubic  foot. 

Empire     cement—  1  to  2  dry 126.4  lbs. 

1  "  3     "   120.9    " 

1  "  4     "   119.1    " 

1  "  2  plastic 124.7    " 

1  "  3       "       121.0    " 

1  "  4       "       119.2    " 

1  "  2  dry 128.5    " 

1  "  3     "     124.8    " 

1  "  4     "   120.9    " 

1  "  1     "   126.2    " 

1  "  2     "   123.8    " 

1  '•  3     "   119.2    " 


Iron  Clad 


Champion 


The  foregoing  weights  of  mortar  blocks,  as  well  as  concretes,  in- 
cluded iu  Table  No.  15,  are  all  as  taken  at  the  time  of  breaking,  and 
when,  presumably,  the  excess  water  had  evaporated.  This  conclusion 
is  reached  by  considering  that  the  blocks  stood  in  a  dry,  warm  place 
for  some  time  before  breaking. 

Referring  to  Table  No.  15,  it  appears  that  there  was  very  little  dif- 
ference between  the  weights  of  33  and  40%  blocks.  With  the  Genesee 
cement  1  to  1  mortars,  the  mean  weights  are,  for  33%"  blocks,  146.5, 
and  for  40%  blocks,  145.6.  For  Wayland,  1  to  1  mortars,  the  mean 
figures  are  33%,  146.9,  and  40%,  145.8.  For  Genesee  1  to  2,  the  figures 
are,  143.8  and  143.7;  and  for  Wayland  1  to  2,  144.5  and  144.2. 

For  the  Genesee  cement,  the  weight  per  cubic  foot  was  taken  at 
99.5  lbs. ;  for  the  Wayland,  100  lbs. ;  for  the  Iron  Clad,  97  lbs. ;  for  the 
Empire,  99.5  lbs.,  and  for  the  Champion,  87  lbs.  The  reason  that  the 
weights  of  33  and  40%  blocks  are  practically  the  same  is  probably 
because  in  33 %  blocks  the  excess  reduction  of  voids  under  ramming 
just  about  compensates  for  the  extra  quantity  of  mortar  in  the  40% 
blocks,  the  relation  between  the  weights  of  mortar  and  broken  stone 
being  such  as  to  give  this  result.  The  persistency  of  the  figures 
through  the  whole  series  shows  that  this  result  is  not  accidental,  but 
rather  the  expression  of  a  well-defined  law. 
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Mr.  Rafter.  TABLE  No.  15. — Mean  Weights  or  Conckete  Blocks. 

(In  pounds.) 


1  tol. 

1  to  2. 

1  to  3. 

1  to  4. 

1  to  5. 

1  to  6. 

33% 

40>0- 

33% 

40% 

8S% 

40% 

33% 

40% 

33% 

40% 

33% 

40% 

Dry 

Plastic . . . 
Excess... 

Dry 

Plastic.  . . 
Excess. . . 
Mean 

Dry 

146.6 
146.2 
146.6 
146.5 

147.0 
147.8 
145.9 
146.9 

143.4 
143.4 
144.4 
143.7 

144.4 
143.5 
144.6 
144.2 

144.2 
143.6 
144.2 
144.0 

144.3 
144.0 
143.7 
144.0 

140.3 
141.3 
142.7 
141.4 

142.7 
143.2 
142.9 
142.9 

140.0 
144.1 
140.7 
141.6 

141.5 
141.0 
140.9 
141.1 

140.5 
141.5 
141.7 
141.2 

138.9 
140.6 
139.4 
139.6 

142.9 
142.4 
141.9 
142.4 

142.1 
141.0 
141.6 
141.6 

141.6 
141.1 
141.8 
141.5 

140.8 
141.1 
141.7 
141.2 

141.3 
142.1 
143.1 
142.2 

142.6 
141.2 
141.3 
141.7 

141.7 
140.4 
141.9 
141.3 

139.8 
141.4 
141.1 

140.8 

141.6 
140.7 
141.2 
141.2 

140.0 
141.6 

142.2 
141.3 

140.6 
140.6 

140.5 
141.2 

139.5 

a)    . 

145.6 
145.6 

146.4 
146.4 
144.7 
145.8 

143.2 
144.5 
143.8 

144.5 
145.1 
144.0 
144.5 

143.7 
143.0 
143.3 
143.3 

142.6 
142.9 
144.6 
143.4 

142.7 
142.3 
140.5 
141.8 

r  I 

o 

^3 

140.8 

141.7 

140.S 
139.8 

140.4 

139.5 

140.8    139  7 

• 

s— ' 

Q  | 

~U 

140.5 

139.7 
140.4 
139.4 
139.8 

a> 

1 

S 

Dry 

Plastic.  . . 
Excess. . . 
Mean 

142.5 
142.4 
141.5 
142.1 

143.1 
142.8 
142.2 
142.7 

£  c 

138.3 

c3  o 

n» 

138.9 

While  many  of  the  points  brought  out  by  the  discussion  are  of 
great  practical  interest,  the  author  wishes  to  say  that  many  more 
interesting  points  could  have  been  touched  upon;  as,  for  instance,  the 
change  of  volume  of  mortar  material  when  water  is  added,  the  effect 
of  ramming  on  consolidation  of  mortar  itself,  the  consolidation  or 
reduction  of  void  space  in  the  aggregate  material  under  ramming,  the 
probable  greater  reduction  of  such  space  with  rich  mortars  which  act 
more  thoroughly  as  lubricants,  and  many  others  which  could  be  men- 
tioned. The  paper  itself  was  purposely  left  a  bare  recital  of  main 
facts  in  regard  to  the  tests,  of  which  the  detail  is  given  in  the  report 
to  the  State  Engineer  and  Surveyor,  the  author's  hope  being  that  all 
the  various  points  of  view  would  be  taken  up  in  the  discussion.  That 
many  of  them  are  left  untouched,  seems  to  show,  on  the  whole,  a  lack 
of  appreciation  of  the  theory  of  concrete;  at  the  same  time  the  author 
agrees  thoroughly  with  Mr.  Hall  that  there  is  no  reason  why  the  old 
nomenclature  should  obscure,  from  those  who  are  looking  for  it,  the 
true  theory  of  concrete  mixtures.  Nevertheless,  the  fact  remains 
that  apparently  either  that  or  some  other  cause  has  so  far  obscured 
the  true  theory  of  concrete  mixtures  that  American  engineering 
literature  is,  in  the  last  year  of  the  nineteenth  century,  practically 
barren  of  rational  information  as  to  the  theorv  of  concrete. 
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Professor  Baker's  view,  that  40%"  concretes  should  show  an  excess  Mr.  Rafter. 
of  strength  over  33%  concretes  in  the  same  proportion  to  the  excess  per- 
centage of  mortar,  is  not  supported  by  the  results  of  these  tests.  The 
reason  probably  is  that  in  33%  concretes  the  strength  is  largely 
dependent  upon  the  close  bearing  of  the  broken  stone,  while  in  the 
40%"  concretes  it  is.  in  a  somewhat  larger  degree,  dependent  upon 
the  strength  of  the  mortar.  Professor  Baker,  however,  is  right  in  his 
conclusion  that,  as  regards  final  results,  the  method  of  storage  is  not 
very  important  for  concrete  which  has,  as  in  the  present  case,  attained 
an  age  of  at  least  a  year  and  a  half.  Had  the  blocks  been  broken  at 
an  earlier  period,  they  would  probably  have  shown  greater  differences 
than  those  indicated  by  Table  No.  7. 

As  to  the  variation  in  the  strength  of  the  concrete,  under  the  same 
conditions  for  the  different  cements,  the  author  has  no  explanation  to 
offer  other  than  that  it  is  possibly  due  to  varying  qualities  in  the 
cements  themselves  which  have  not  thus  far  been  closely  differenti- 
ated by  the  methods  of  tests  actually  in  use. 

Mr.  Le  Conte  has  indicated  the  true  phase  of  concrete  practice  at 
the  present  time  by  his  remark  that  it  is  a  humiliating  spectacle  to 
see  first-class  material  manipulated  in  an  irrational  and  wasteful 
manner,  developing  results  which  cannot  be  shown  to  possess  a  single 
redeeming  feature.  Especially  is  this  true  as  regards  the  cleanness 
of  the  aggregate  material.  The  broken  stone  should,  in  every  case, 
be  washed  clean,  and  indeed  cleanness  should  be  made  an  indispen- 
sable condition  at  every  stage  of  the  operation.  That  such  conditions 
are  not  generally  insisted  upon,  merely  illustrates  how  far  many  of  us 
are  from  understanding  the  true  theory  of  concrete.  These  remarks 
apply  to  a  considerable  proportion  of  the  concrete  used  at  the  present 
time  in  the  United  States. 

The  tests  recorded  by  Mr.  Von  Schon  are  very  interesting,  especi- 
ally as  to  the  general  programme  which  he  outlines.  His  first  con- 
dition, to  operate  practically,  avoiding  the  introduction  of  refinements 
which  cannot  be  followed  in  actual  construction,  is  thoroughly  in  line 
with  the  author's  views,  as  is  also  the  second.  The  author  cannot  but 
think,  however,  that  Mr.  Von  Schon's  tests  would  have  been  more  satis- 
factory had  they  been  on  the  line  of  crushing  rather  than  breaking  bars 
by  applying  a  load  at  the  center,  though  it  is  recognized  that  this  is, 
after  all,  merely  a  difference  of  opinion;  the  author's  contention  being, 
however,  that  had  Mr.  Von  Schon  broken  a  number  of  cubes,  the  results 
would  have  been  comparable  with  most  of  the  results  thus  far  obtained, 
whereas,  as  the  matter  stands,  it  is  impossible  to  compare  them. 

By  way  of  showing  the  variations  in  the  quantity  of  green  mortar 
produced  from  the  same  quantity  of  cement  and  sand,  but  with  such 
variation  in  the  quantity  of  water  as  is  necessary  to  produce  dry,  plas- 
tic or  excess  mortars,  the  following  figures  are  cited. 


562  DISCUSSION   ON  THE  THEORY   OF   CONCRETE.  [Papers. 

Mr.  Rafter.        For  1  to  3  mortars,  f  cu.  ft.  of  cement  and  2  cu.  ft.  of  sand  pro- 
duced quantities  of  mortar  in  cubic  feet,  as  follows: 

Genesee.    Wayland.    Iron  Clad.      Empire.      Champion.      Means. 

Dry 2.05  2.12  2.19  2.16  2.13  2.13 

Plastic.  ••     2.21  2.16  2.23  2.25  2.18  2.21 

Excess...     2.25  2.16  2.28  2.29  2.15  2.23 

For  1  to  2  mortars,  1  cu.  ft.  of  cement  and  2  cu.  ft.  of  sand,  pro- 
duced quantities  of  mortar  in  cubic  feet,  as  follows : 

Genesee.  Wayland.  Iron  Clad.  Empire.  Champion.  Means. 

Dry 2.51  2.37  2.57  2.50  2.22  2.43 

Plastic...     2.58  2.49  2.62  2.58  2.43  2.54 

Excess...     2.75*  2.58*  2.62*  2.61  2.48  2.61 

Inasmuch  as  the  cement  was  weighed,  thus  insuring  the  same 
quantity  in  each  series,  the  irregularities  in  these  results  are  charge- 
able to  variations  in  sand  and  quantity  of  water. 

The  author  wishes  to  thank  those  who  have  taken  part  in  the  dis- 
cussion for  the  many  valuable  suggestions  made.  In  view  of  the  large 
number  of  works,  now  either  in  progress  or  contemplated,  in  which 
concrete  is  either  in  use  or  to  be  used,  the  author  hopes  that  the  gen- 
eral question  of  the  rational  relation  between  the  voids  in  the  aggre- 
gate material  and  the  amount  of  mortar,  especially  in  relation  to  unit 
costs,  and  other  important  questions,  may  be  so  thoroughly  taken  up  as 
to  lead  to  final,  definite  conclusions.  The  present  paper  was  intended 
to  be  largely  suggestive. 

*  One  determination  only. 
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AMERICAN   SOCIETY  OF  CIVIL  ENGINEERS, 

By  Charles  Warren  Hunt,  M.  Am.  Soc.  C.  B. 
Cloth,   6x9   Inches. 

Printed    by    order    of  the    Board    of   Direction  of  the  American 

Society  of  Civil  Engineers,  to  be  sold  only  on  subscrip= 

tion.     The    proceeds    to    be    devoted    exclusively 

to  the  fund  for  the  New  Society   House. 


At  the  Annual  Meeting,  January  19th,  1898,  the 
following  facts  in  regard  to  the  subscription  to  this  book 
were  brought  out : 

Two  thousand  copies  were  printed ;  300  were  bound 
in  full  morocco,  of  which  216  have  been  sold  at  $10  per 
copy,  the  resulting  net  profit  being  $943.06.  Seventeen 
hundred  copies,  which  have  been  paid  for,  are  still  on 
hand,  and  the  Board  of  Direction  was  requested  to  con- 
sider the  propriety  of  offering  to  the  membership  these 
copies  bound  in  a  less  expensive  style  and  at  a  reduced 
price,  the  net  proceeds  to  be  applied  to  the  building  fund. 

In  compliance  with  this  request  it  has  been  decided 
to  bind  as  many  copies  as  are  necessary  to  supply  the 
demand,  in  a  handsome  cloth  binding  and  to  supply 
them  at  $5  per  copy. 

This  action  has  been  taken  in  the  belief  that  many 
members  will  welcome  the  opportunity  of  contributing 
something  to  the  building  fund. 

There  are  a  few  copies  still  on  hand  of  the  first  lot 
bound  and  these  can  be  obtained  by  those  who  so  desire 
at  $10  per  copy. 

Orders  should  be  sent  to  the  Secretary. 


The  book  begins  with  a  brief  statement  of  the  first 
movement  to  form  a  National  Society  of  American  Engi- 
neers in  1839.  The  organization  of  the  American  Society 
of  Civil  Engineers  and  Architects  in  1 8  5  2  is  then  described , 
a  list  of  its  promoters  and  charter  members  given,  and 
the  work  accomplished  in  its  first  two  years  of  life 
sketched.  The  reorganization  of  the  Association  in  1867 
and  the  important  events  in  its  career  from  that  date  to 
1873,  when  the  first  publication  was  issued,  are  then  given 
in  chronological  order.  Succeeding  chapters  are  under 
the  following  heads :  Locations  Occupied  by  the 
Society;  Library;  International  Exhibitions;  Publications; 
Badge;  Constitutional  Changes  and  Work  Accomplished. 
Under  the  head  of  "Comparative  Growth  of  National 
Engineering  Societies  "  short  sketches  of  the  Institution 
of  Civil  Engineers  and  the  Societe  des  Ingenieurs  Civils 
are  given.  The  illustrations  consist  of  35  half-tone 
portraits  of  past  officers  of  the  Society  and  one  diagram, 
all  handsomely  printed  on  heavy  paper. 


Rensselaer     \ 
/^Polytechnic!^ 

SS*  Institute,  * 


vQ        Troy,  N.Y. 
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Louisville  Cement. 


The  undersigned  is  General  Agent  for  the  following  Standard  Brands  of 
Louisville  Cement : 

FALLS  BULLS  (J.  Hulme  Brand), 

BLACK.  DIAMOND  MILLS  (River),  Diamond  Brand, 
SPEED  MILLS,  Star  Brand, 

FALLS  CITY  MILLS,  Anchor  Brand, 

BLACK.  DIAMOND  MILLS  (Railroad),  Diamond  Brand. 


This  Cement  has  been  in  general  use  throughout  the  West  and  South 
since  1830,  most  of  the  public  works  having  been  constructed  with  it.  Orders 
for  shipment  to  any  part  of  the  country,  by  rail  or  water,  will  receive  prompt 
and  careful  attention. 

Sales  for  1892,  2,145,568  Barrels. 

WESTERN     CEMENT     COMPANY, 

247  W.  Main  St.,  Louisville,  Ky. 


The  Weber  Railway  Joint  Mfg.  Co. 


Empire    Building, 
71  Broadway,  New  York 

branches: 
Boston,  mason  bldg. 
Chicago,  old  colony  bldg. 
Baltimore,  equitable  bldg. 
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Pacific  Flush  Tank  Co. 

84  LA  SALLE  STREET,  CHICAGO,  ILL., 

MANUFACTURERS    OF  THE 

FOR  INTERMITTENT  FLUSH  TANKS. 


Used  for  Flushing  Street-Sewers. 

NO  MOVING  PARTS.      NO  JOINTS.      NO  LITTLE  TRAPS. 

RECEIVED  THE  HIGHEST  AWARD  IN  ITS  CLASS  AT  THE  WORLD'S 
COLUMBIAN  EXPOSITION  FOR 

Simplicity  of  Construction,  Effectiveness  and  Reliability. 

Salt  Lake  City,  Utah,  December  14,  1897. 
******  Flushing  with  the  hose  is  not  satisfactory  for  the  reason 
that  it  is  expensive,  and  owing  to  the  time  it  takes  to  get  over  the  system  the  laterals  are 
not  flushed  often  enough  to  keep  them  clean.  The  laterals  flushed  by  siphons  are  in  much 
better  condition  than  those  flushed  with  the  hose.  The  Miller  Automatic  Siphons  that 
we  have  put  in  are  giving  entire  satisfaction,  and  in  my  opinion  thev  are  the  most  efficient 
siphons  in  use.  (Signed)  F.  C.  KELSEY,  City  Engineer. 

EACH  SIPHON  GUARANTEED   ABSOLUTELY. 


Send  for  Illustrated  Catalogue. 
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TROY,      1ST.    Y.,      XJ.     S.     A. 

LARGEST   MANUFACTURERS   IN   AMERICA  OF 

Civil  Engineers'  and  Surveyors'  Field  Instruments. 
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LATEST  CATALOGUE  MAILED  ON  APPLICATION. 


Architects  and  Builders, 

When  making;  Contracts,  should  remember  that 

12,000,000  Barrels 

"HUFFMAN" 

CEMENT 

Have  been  used  on  important  works  throughout  the  United  States. 

No  other  Cement  Company  can  show  such  a  Record. 

Lawrence  Cement  Co. 

Sales  Office,  No.    i   Broadway,   New  York. 


LABORATORIES  OF  Dr.  CHAS.  F.  McKEMA,. 


221    PEARL   ST.,    NEW  YORK, 

Successor  to  Dr.  GIDEON  E.  MOORE. 

DEPARTMENT  OP  CHEMISTRY.  Analyses  and  Assays  of  Ores,  Metals,  Waters  and  Natural 
and  Industrial  Products  of  every  description. 

DEPARTMENT  OF  PHYSICAL  TESTS.  Tensile,  Transverse  and  Compression  Tests  of  Iron,  Steel 
and  other  Metals  and  Alloys,  Cements,  Building  Stones  and  Engineering  Materials  generally. 

ESTABLISHED    1856. 


Warren  Foundry  and  Machine  Co. 

WORKS  AT  PHILLLPSBURG,   NEW  JERSEY. 

SALES  OFFICE:   160  BROADWAY,    NEW  YORK. 


CAST-IRON,  WATER  AND  GAS  PIPE, 

Fbom  3  to  48  Inches  Diameter. 
Also  all  sizes  of  FL.ANGED    PIPE  and  SPECIAL   CASTINGS. 


IMPROVED  RlGlD&SPRIHCFRO(i5,(R055IHG5l  Track  Work 

5ingle£Jhree  Throw  Split  Switches,!  (SSSSSHS 


\ FRtD.C.WEIR.. 
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THE    F.  O.   NORTON    COMPANY, 


-MANUFACTURER    OF — 


92    BROADWAY,    NEW   YORK. 


Particularly  adapted  for  work  under  water,  for  which  use  it  is 
superior  to  the  best  Portland  Cement,  when  used  i  to  i. 

Certificates  of  tests  and  reports  on  actual  use  in  important  public 
works  furnished  on  application. 


OUR    LEADING 

fr>»ic^%  Architects,  Engineers  and  Builders 

fefflt^^^Sw°l  SPECIFY  AND  USE 

|uji|   "office.  ~^§Lp5y 

W^^W   BROOKLYN    BRIDGE    BRAND 

'NEW  YORK.  Ik/ 

^2£S^  ROSENDALE    HYDRAULIC   CEMENT. 

(     PARK  ROW  OFFICE  BUILDING-30  STORIES. 
USED  EXCLUSIVELY  ON  j     WALDORF-ASTORIA  HOTEL— LARGEST  IN  THE  WORLD. 

HAVE  SUPPLIED  FOR  NEW  YORK  CROTON  AQUEDUCT,  IN  1897  AND  1898,  165,000  BARRELS. 


ATLAS  P°rtlanc*  Cement 

IS  THE  STANDARD 
AMERICAN    PORTLAND. 

The  U.  S.  Government  gives  it  preference  over  all  other  brands. 

ATLAS  CEMENT  CO., 
143  LIBERTY  STREET,  NEW  YORK  CITY. 


IRONCLAD  PORTLAND  CEMENT 

Manufactured  by  Glens  Falls  Portland  Cement  Co. 
Sole  Selling  Agent,  Commercial  Wood  &  Cement  Co., 

156  fifth  avenue,  new  york  I   Fine  Artificial  Stone. 


High-grade  American 
PORTLAND  CEMENT 

unsurpassed  for  making 
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F.  E.  BRANDIS  SONS  &  CO. 


MANUFACTURERS   OF 


Engineers'  and  Surveyors'  Instruments, 

814    GATES    AVENUE, 

BROOKLYN,      NEW     YORK. 


Catalogues  mailed  on  application. 


Rock  Drilling;  and  Air  Compressing 


For  TUNNELS,  QUARRIES,  MINES,  RAILROADS, 

And  wherever  ORE  and  ROCK  are  to  be  DRILLED  and  BLASTED. 


33-SEND   FOR  NEW  CATALOGUE. 


RAND  DRILL  CO.,  100  Broadway,  New  York,  U.  S.  A. 

Bbanoh  Offices:  1328  MonadnockBlk., Chicago,  Dl.;  Ishpeming,  Mich. ;  1361  Eighteenth 
8treet,  Denver,  Colo. ;  Sherbrooke,  Quebec,  Canada ;  Apartado  830,  Mexico  City. 

Eppinger  &  Russell  Co., 

CREOSOTING  WORKS, 

Dead  Oil  of  Coal  Tar  Process. 


Piles  and  Timber  treated  with  the  above  Oil  for  all  purposes, 
when  preservation  is  desired. 


Introduced  in  England  by  Mr.  Bethel  in  1838.  DEAD  OIL.  OP  COAL.  TAR  is  the 
only  known  product  of  commercial  application  that  will  preserve  TIMBER  FROM 
DECAY,  LAND  AND  MARINE  INSECTS. 

Our  Mr.  Valentine  has  had  practical  experience  since  1872,  and  we  have  specimens  of 

Piles  and  Timber  treated  by  him  in  1874,  which  are  in  use  to-day  and  are  in  a  perfect  state  of 

preservation.     We  have  the  largest  and  hest  equipped  plant  in  the  world. 

Cylinders  100  ft.  long,  capacity  1,500,000  ft.  per  month. 

Direct  Water  and  Rail  Communications. 

MANUFACTURERS   OF   THE 

Valentine  Electrical  Subway  Conduit. 


WORKS: 

Foot  First  Street  and   Newtown  Creek, 

LONG  ISLAND  CITY. 


OFFICES: 

MORBIS    BXJIT_.]DIT>rGr 
66  BROAD  ST.,  NEW  YORK. 


SEND  FOR  CIRCULARS  AND  PRICES. 
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C.  "W-    BCTJISTT    CDOJ&FJ^JSTY, 

^ENGINEERS,  *~ 

ADDRESS    THE    WORKS    DIRECT, 

JOHN  STREET,  WEST  NEW  BRIGHTON,  STATEN  ISLAND,  N.  Y. 

(ESTABLISHED     1872), 

Make  a  specialty  of  Machinery  for  the  rapid  and  economical  handling  of  heavy  or 
bulky  materials,  as  well  as  Plans  for  Storage  Buildings  and  'Wharves. 

ENGINEERS  ARE  REQUESTED  TO  SEND  FOR  OUR  CATALOGUES. 
"Coal-Handling  Machinery,"  "Cable  Railways  for  Freight," 

"Conveyors"  Gravity  Bucket,  "Manilla  Rope"  Transmission, 

"  Industrial  Railways."  "  Coal  Handling  in  Power  Plants." 

extentof  Asphalt  Pavements 

IN  THE  UNITED  STATES  AND  CANADA. 

Trinidad  Lake  Asphalt  Pavement,  21,527,415  square  yards,  or  90% 
Other  kinds  Asphalt  Pavement,        2,307,064  square  yards,  or  10% 


oftheTRINIDAD  lake  asphalt  pavement 

10,000,000  square  yards,  or  nearly  50%, 

WAS  LAID  BY 

THE  BARBER  ASPHALT  PAVING  COMPANY. 

§This  is  equal  to  about  650  miles  of  Roadway,  26  feet  wide. 
The  Asphalt  used  by  this  Company  is  from  the  famous 
Pitch  Lake  in  the  Island  of  Trinidad,  B.  W.  I. 
JZ&* Plans  and  Estimates  Furnished  on  Application. 
a^KKAxo™: 
LE  DROIT  BUILDING,     ■        ■       ■     WASHINGTON,  D.  C. 
BOWLING  GREEN  BUILDING,  No.  II  Broadway,  New  York. 
F.  V.  GREENE,  President. 

SUPERIOR  GRAPHITE   PAINT 

For  BRIDGES,  A  STRUCTURAL 

ROOFS,     .         ^T  IRON,    .... 

And  all  Exposed  Metal  or  Wood  Surfaces. 


wlSff^StSteMS.         Detroit  Graphite  Mfg.  Co., 

cuL'S.5'.  Sm°ke.  °!  DETROIT,  MICH. 
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ALCATRAZ    ASPHALT 

Guaranteed  free  from  Coal  Tar  or  Petroleum  Residuum, 

For  Reservoir  Linings 

and  Pipe  Coatings. 

The    AkatraZ    CO.,  San  Francisco,  Cal. 
General  Eastern  Office,  3  West  29th  St.,  New  York. 


NEW   YORK    DREDGING    CO., 

ENCINEERS    AND    CONTRACTORS. 


J.  WILLIAMS  MACY,  President. 


0.  L.  WILLIAMS,  Secretary  and  Treasurer. 


Hydraulic  Dredge  discharging  through  5,700  Ft.  Pip9.     Will  dig  and  put  ashore  any  Material,  Rock  excepted. 

|j^  SPECIALTIES: 

*--i-.-£  Machinery  for  Economical  Excava- 

tion of  Canals. 

For  Dredging1,   For  Reclamation  of 
Low  Lands. 

CORRESPONDENCE  SOLICITED. 

World  Building,  New  York,  N.  Y. 

"Machines  at  work  at  Wilmington,  Del.; 
Port   Royal,   S.  C;   Port  Arthur,    Sabine 
Patent  Canal  Excavator.  Pass,  Texas,  and  Oakland,  Cal." 

Capacity  of  Plant  owned  by  us,  under  favorable  conditions,  1,000,000  cubic  yards  per  month. 


WEST  PASCAG0ULA  CREOSOTE  WORKS, 

WEST  PASCAGOULA,  MISS. 
Situated  on  Pascagoula  Bay  and  on  the  line  of  the  Louisville  and  Nashville  Railroad. 

These  works  have  been  in  operation  for  more  than  twenty  years,  were  recently 
entirely  rebuilt  and  enlarged,  and  are  now  prepared  to  execute  all  orders  for  creosoted 
piles  and  timber  thoroughly  impregnated  with  dead  oil  of  coal  tar. 

New  cylinders  115  feet  long.     Capacity,  one  million  feet  per  month. 

Address  S.   W.    LABROT, 

Supt.  West  Pascagoula  Creosote  Works, 

West  Pascagoula,  Miss. 


Q  &  W  Tie  Plate 

ALTHOUGH  SOMETHING  NEW, 

Has    a    Record,    from    the   fact   that   it   is   a 
combination  of  the 

SERVIS  AND 
WOLHAUPTER 
PLATES 

CHICAGO  : 

700=712  Western  Union  Building. 

NEW  YORK: 

106  Liberty  Street. 
SAN  FRANCISCO: 

537   Mission  Street. 
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30  00 
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CONTINUOUS  RAIL  JOINT  COMPANY  of  AMERICA. 


908=911  Lawyer's  Building, 
164  Market  St.,  NEWARK,  N.  J. 

Millions  in  use  on 
80  Railroads 

Fewest  parts  possi- 
ble. Provides  for  the 
increased 
I  tonnage  up 
to  date. 


GIANT  PORTLAND,  manufactured  by 

eqypt  Portland,  AMERICAN  CEMENT  CO.,  Egypt,  Pa., 

IMPROVED  UNION,  LESLEY  &  TRINKLE,  Sales  Agents, 

AND  UNION  CEMENTS.  22  &  24  South  15th  St.,     Philadelphia. 


Trident 

Disk  Water  Meter, 


Resilient  or  Retroactive  Frost  Bottom. 

"SECOND  TO  NONE"  in  form,  material, 
construction,  capacity,  initial  accuracy  and 
sensibility. 

SUPERIOR  TO  ALL  in  convenience,  in  so- 
lidity of  parts,  in  design,  in  maintained  ac- 
curacy, and  in  immunity  from  stoppages. 

'VPVf/v/  — ==*^ 

MAY  BE  RUN  HARD  AND  LONG  without  smashing,  and  be  frozen  partially  or 
entirely  solid  without  damage  to  the  meter  or  expense  to  the  owner. 

FULLY  ATTESTED,  by  most  competent  authorities,  as  being  "beyond  competi- 
tion in  low  cost  of  maintenance." 

Illustrated  Catalogue,  giving  full  details,  mailed  to  any  applicant. 

NEPTUNE     METER     COMPANY, 


253     BROADWAY, 


DESIGNED    BY    JOHN   THOMSON. 


NEW  YORK  CITY. 


XII 


VZEISTTTTIRI    METEES 

FOR    MAINS    4    TO    84    INCHES    OR    LARGER. 


Measurements  by  these  meters  are  more  accurate  than  measurements  jby "weirs. 
Smaller  meters  for  laboratories  of  Schools  and  Colleges. 

BUILDERS  IRON  FOUNDRY,  Providence,  R.  I. 

A.  J.   SNYDER   &   SONS, 

"CRESCENrV^  BRAND  ROSENDALE  CEMENT 

Especially  manufactured  for 

IMPORTANT    ENGINEERING    WORIC^ 

requiring  a  high  grade  testing  cement.    Over  30,000  barrels  were  used  on 
the  new  dams  for  the  Crotou  Aqueduct,  and  not  one  barrel  was  rejected. 

•a-fcSaa-   HENRY  R.  BRIGHAM,  General  Agent, 

35  STONE  STREET,  NEW  YORK  CITY. 


WORKS 

ARE    THE    LARGEST    IN    EXISTENCE. 


OTIS   BROTHERS  &  CO., 

38   PARK   ROW,  NEW   YORK. 

MANUFACTURERS  OF 
ELEVATORS  OPERATED   BY  ANY  POWER  EXCEPT  HAND-POWER. 
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Connecting  Branch  Sleeve 

—  Tapping  Apparatus 

For  making  Large  Connections  without 

Shutting  Off  Water  or  Reducing  Pressure. 

This  is  no  experiment,  but  has  been  used 
by  the  Water  Departments  of  numerous 
cities  for  years  with  entire  success.     Con- 
nections from  2  to  24  ins.  have  been  made  with  mains  from  4  to 
48  ins.     For  full  information,  address 

THE  A.  P.  SMITH    MFG.  CO.,  921  Prudential  Building,  Newark,  N.  J. 


The  Evening  Post  Job  Printing  House, 

FULTON    STREET,  CORNER   BROADWAY, 
NEW  YORK. 


PRINTERS    OF    PERIODICALS. 


Union  Bridge  Company. 


OHAKLES  MACDONALD, 


ANDREW  ONDERDONK. 


Civil  Engineers  and  Constructors  of  Bridges,  Tunnels, 
and  Public  Works. 

JOSEPH   MAYER,  Engineer. 


PRINCIPAL    OFFICE, 

No.   I    BROADWAY,   NEW  YORK. 

Cable  Address:  "  Vara  union,  New  York." 


Works:  ATHENS,  Pa. 
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MINUTES  OF  MEETINGS. 


OF  THE  SOCIETY. 


October  4th,  1899.— The  meeting  was  called  to  order  at  8.40  p.  m., 
Vice-President  Edward  P.  North  in  the  chair;  Charles  Warren  Hunt, 
Secretary;  and  present,  also,  55  members  and  4  visitors. 

The  minutes  of  the  meetings  of  September  6th  and  20th  were  approved 
as  printed  in  Proceedings  for  September,  1899. 

A  paper  entitled  "Impact  Tests  of  Structural  Steel,"  by  S.  Bent 
Russell,  M.  Am.  Soc.  C.  E. ,  was  presented  by  the  Secretary,  who  also 
presented  a  written  discussion  on  the  subject  by  Mr.  C.  M.  Broomall. 

Ballots  were  canvassed,  and  the  following  candidates  declared 
elected: 

As  Members. 

Thomas  Howard  Barnes,  Medford,  Mass. 
Martin  Joseph  Caples,  Roanoke,  Va. 
Arthur  Powell  Davis,  Washington,  D.  C. 
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Chandler  Davis,  New  York  City. 

Cornelius  Donovan,  Port  Eads,  La. 

Julian  Griggs,  Columbus,  Ohio. 

James  Nisbet  Hazlehurst,  Tampa,  Fla. 

John  Donald  Maclennan,  Cleveland,  Ohio. 

William  Curtis  Merryman,  New  Martinsville,  W.  Va. 

Alfred  Mitton  Mosscrop,  Rochester,  N.  Y. 

Frederick  Palmer,  Dehri  Bridge,  Bengal,  India. 

William  David  Pence,  La  Fayette,  Ind. 

Naoji  Shtraisht,  Hamaishiki,  Yokkaichi,  Miye,  Japan. 

Horace  Augustus  Sumner,  Alamogordo,  N.  Mex. 

Joseph  Till,  Freeburg,  Minn. 

John  Lane  Van  Ornum,  St.  Louis,  Mo. 

John  Waterhouse,  New  York  City. 

Charles  Edward  Webster,  South  Bethlehem,  Pa. 

Morris  Alexander  Zook,  Princeton,  Ind. 

As  Associate  Members. 

David  Guy  Anderson,  Philadelphia,  Pa. 
Ernest  Edmund  Brydone-Jack,  Pittsburg,  Pa. 
Leonard  Martin  Cox,  New  York  City. 
James  Hervey  Dingle,  Charleston,  S.  C. 
John  Lyle  Harrington,  Elmira,  N.  Y. 
Frederick  Thomas  Llewellyn,  New  Orleans,  La. 
Paul  Albert  Seurot,  Ozone  Park,  N.  Y. 
Louis  Henry  Shoemaker,  Paterson,  N.  J. 
Walter  Tuttle  Spencer,  Guilford,  Conn. 
George  Draper  Stratton,  Marysville,  Cal. 
Robert  Andrew  Thompson,  Austin,  Tex. 
Taro  Tsuji,  Tokyo,  Japan. 

Announcement  was  made  that  the  following  candidates  were  elected 
by  the  Board  of  Direction,  October  3d,  1899. 

AS   ASSOCIATE. 

Jean  Prosper  Auguste  Maignen,  Philadelphia,  Pa. 

As  Juniors. 

Wager  Fisher,  Axton,  N.  Y. 

Victor  Witmer  Kline,  Detroit,  Mich. 

Hugh  McLeod,  Butte,  Mont. 

John  Francis  Richardson,  New  Orleans,  La. 

Alexander  Jenifer  Taylor,  Wilmington,  Del. 
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The  Secretary  read  the  list  of  nominees*  presented  by  the  Nominat- 
ing Committee  for  the  offices  to  be  filled  at  the  next  annual  election. 

The  Secretary  read  a  letter  from  the  Secretary  of  the  Technical  Club, 
of  Chicago,  111.,  extending  the  courtesies  of  the  club  to  members  of  the 
Society  who  may  visit  Chicago  during  the  Festival  Celebration,  October 
9th  to  14th,  1899. 

The  Secretary  announced  that  the  following  resolutions  were  adopted 
by  the  Board  of  Direction,  October  3d,  1899: 

"  Whereas,  The  Society  in  Annual  Convention  has  requested  the 
Board  of  Direction  '  to  take  up  the  matter  of  Standard  Time  and  settle 
it,'  and  with  the  understanding  that  this  request  particularly  refers  to 
the  use  of  the  24-hour  system  of  notation  as  employed  in  the  published 
matter  and  correspondence  of  the  Society;  therefore,  be  it 

"  Resolved,  That  the  use  of  the  24-hour  system  of  time  notation  in 
any  of  the  publications  or  correspondence  of  the  American  Society  of 
Civil  Engineers  is  hereby  ordered  to  be  discontinued;  and 

"  Be  it  further  Resolved,  That  the  appreciation  and  thanks  of  the 
Board  of  Direction  of  the  American  Society  of  Civil  Engineers  be  suit- 
ably conveyed  to  the  Standing  Committee  on  Standard  Time  for  their 
long  and  consistent  efforts  in  attempting  to  secure  the  general  adoption 
and  use  of  the  24-hour  system,  an  effort  which,  in  its  persistency 
against  objections  and  difficulty,  is  none  the  less  admirable,  although 
failing  to  realize  the  results  desired  by  the  said  Committee." 

Adjourned. 

October  i8th,  1899. — The  meeting  was  called  to  order  at  8.30  p.m., 
Vice-President  Edward  P.  North  in  the  chair;  Charles  Warren  Hunt, 
Secretary,  and  present,  also,  68  members  and  6  visitors. 

A  paper  by  Lewis  M.  Haupt,  M.  Am.  Soc.  C.  E.,  entitled  "The 
Reaction  Breakwater  as  Applied  to  the  Inrprovernent  of  Ocean  Bars," 
was  presented  by  the  author.  Written  discussions  on  the  subject  by 
Messrs.  Thomas  W.  Symons,  Elmer  L.  Corthell,  George  Y.  Wisner, 
Henry  L.  Marindin  and  Henry  C.  Bipley  were  presented  by  the 
Secretary,  and  the  subject  was  discussed  orally  by  Mr.  Thomas  D. 
Pitts  and  the  author. 

The  Secretary  announced  the  death  of  Archibald  Johnson,  elected 
Member  April  Gth,  1898;  died  October  3d,  1899. 

Adjourned. 

*See  page  21 1 . 
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OF  THE  BOARD  OF  DIRECTION. 

(Abstract. ) 

October  3d,  1899. — Vice-President  North  in  the  chair  ;  Charles 
Wanen  Hunt,  Secretary,  and  present,  also,  Messrs.  Clarke,  Deyo, 
Haines,  Ricketts,  Schneider  and  Turner. 

A  special  report  on  the  financial  condition  of  the  Society  was 
2>resented  from  the  Finance  Committee. 

A  progress  report  of  a  special  Committee  on  time  and  place  for 
holding  the  next  Annual  Convention  was  received,  and  the  subject 
considered. 

The  matter  of  the  propriety  of  providing  for  the  payment  of  the 
expenses  of  members  of  the  Nominating  Committee,  which  was  referred 
to  the  Board  by  the  Business  Meeting  of  the  last  Annual  Convention, 
was  considered,  and  a  report  adopted  for  presentation  to  the  Annual 
Meeting. 

The  matter  of  the  use  of  the  24-o'clock  system  of  time  notation  by 
the  Society  was  considered,  and  resolutions  discontinuing  its  use 
adopted.* 

The  report  of  the  Nominating  Committee  was  received. f 

Correspondence  with  the  Director  of  the  Twelfth  Census,  in 
regard  to  the  collection  and  publication  of  Municipal  Statistics,  was 
presented. 

Applications  were  considered,  and  other  routine  business  trans- 
acted. 

One  candidate  for  Associate  and  five  for  Junior  were  elected.  J 

Adjourned. 

*  See  page  209. 
tSee  page  211. 
t  See  page  208. 
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ANNOUNCEMENTS. 

In  accordance  with  the  resolution  of  the  Board  of  Direction  the 
House  of  the  Society  is  open  every  day ,  except  Sunday,  from  9  A.  M. 
to  10  P.  M. 

RECENT  ENGINEERING  ARTICLES  OF  INTEREST. 

In  previous  lists  of  "Recent  Engineering  Articles  of  Interest"  all 
serial  articles  have  been  excluded.  Beginning  with  this  number  of 
Proceedings,  serial  articles,  which  have  been  concluded  within  the 
period  covered  by  the  list,  will  be  mentioned,  and  the  dates  when 
they  were  commenced  and  ended  will  be  given. 

LIST  OF  NOMINEES  FOR  THE  OFFICES  TO  BE  FILLED  AT  THE 
ANNUAL  ELECTION,  JANUARY  17th,  1900. 

The  following  list  of  nominees  for  the  offices  to  be  filled  at  the 
annual  election,  January  17th,  1900,  were  presented  by  the  Nominat- 
ing Committee  to  the  Board  of  Direction*  at  its  meeting  on  October  3d, 
1899,  and  announced  at  the  meeting  of  the  Society!  on  October  4th, 
1899.     The  list  has  already  been  mailed  to  all  Corporate  Members. 

For  President,  to  serve  one  year. 
John  Findley  Wallace,  Chicago,  111. 

For   Vice-Presidents,  to  serve  two  years. 

Rudolph  Herlng,  New  York  City,  representing  District  No.  1. 
Alfred  Noble,  Chicago,  111. ,  representing  District  No.  5. 

For  Treasurer,  to  serve  one  year. 

Joseph  M.  Knap,  New  York  City,  representing  District  No.  1. 

For  Directors,  to  serve  three  years. 

John  F.  O'Rourke,  New  York  City,  representing  District  No.  1. 
Henry  B.  Seaman,  New  York  City,  representing  District  No.  1. 
Thomas  H.  Johnson,  Pittsburg,  Pa.,  representing  District  No.  4. 
Joseph  Ramsey,  Jr.,  St.  Louis,  Mo.,  representing  District  No.  6. 
Henry  B.  Richardson,  New  Orleans,  La.,  representing  District  No.  6. 
George  A.  Qtjinlan,  Houston,  Tex. ,  representing  District  No.  7. 

*  See  page  210. 
t  See  page  209. 
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MEETINGS. 

Wednesday,  November  ist,  1899,  a*  8.30  p.  m.,  a  regular  business 
meeting  will  be  held.  Ballots  for  membership  will  be  canvassed,  and 
a  paper  by  Edmund  B.  Weston,  M.  Am.  Soc.  C.  E.,  entitled,  "  Test  of 
a  Mechanical  Filter,"  will  be  presented.  This  paper  was  printed  in 
the  September  number  of  Proceedings. 

Wednesday,  November  15th,  1899,  at  8.30  p.  m.,  a  regular  meeting 
will  be  held,  at  which  a  paper  by  Frank  H.  Oilley,  S.  B.,  entitled, 
"  The  Exact  Design  of  Statically  Indeterminate  Frameworks  :  An  Ex- 
position of  its  Possibility,  but  Futility,"  will  be  presented.  This  paper 
is  printed  in  this  number  of  Proceedings. 

At  this  meeting,  Mr.  Wm.  S.  Dalrymple  will  address  the  Society  on 
"The  Triangulation  of  Greater  New  York."  This  address  will  be 
illustrated  with  lantern-slides. 

Wednesday,  December  6th,  1899,  at  8.30  p.  m.,  a  regular  business 
meeting  will  be  held.  Ballots  for  membership  will  be  canvassed,  and 
a  paper  by  James  A.  Seddon,  M.  Am.  Soc.  C.  E.,  entitled,  "River 
Hydraulics,"  will  be  presented.  This  paper  is  printed  in  this  number 
of  Proceedi//f/s . 

Wednesday,  December  20th,  1899,  at  8.30  p.  m. ,  a  regular  meeting 
will  be  held,  at  which  a  paper  by  A.  H.  Sabin,  Assoc.  M.  Am.  Soc. 
0.  E. ,  entitled,  "  Experiments  on  the  Protection  of  Steel  and  Aluminum 
Exposed  to  Water, "  will  be  presented.  This  paper  is  printed  in  this 
number  of  Proceedh><i*. 
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MONTHLY    LIST  OF   RECENT  ENGINEERING  ARTICLES   OF 
INTEREST. 

(September  13th  to  October  11th,  1899.) 
Note.  —  This  list  is  published  for  the  purpose  of  placing  before  the  members 
of  the  Society  tin'  titles  of  current  engineering  articles,  which  can  be  referred 
to  iii  any  available  engineering  library,  or  can  be  procured  by  addressing 
the  publication  directly,  the  address  and  price  being  given  wherever 
possible. 

LIST  OF  PUBLICATIONS. 

In  the  subjoined  list  of  articles  references  are  given  by  the  number  pre- 
fixed to  each  journal  in  this  list. 


1 1 1  Journal,  Assoc.  Eng.  Soc,  257  South 
Fourth  St.,  Philadelphia,  Pa.,  30c. 

(2)  Proceedings,  Eng.  Club  of  Phila..  1122 
Girard  St.,  Philadelphia,  Pa. 

<3>  Journal,  Franklin  Inst.,  Philadel- 
phia, Pa..  50c. 

<4i  Journal, Western  Soc.  of  Eng.,  Mo- 
nadnock  Block,  Chicago,  111. 

(5)  Transactions,  Can.  Soc.  C.  E.,  Mon- 
treal, Que.,  Can. 

16)  School  af  Mines  Quarterly,  Columbia 
Univ.,  New  York  City,  50c. 

(7)  Technology    Quarterly,    Mass.     Inst. 

Tech.,  Boston,  Mass..  75c. 

(8)  Stevens  Indicator,  Stevens  Institute, 

Hoboken,  N.  J.,  50c. 

(9)  Engineering    Magazine,    New    York 

City,  30e. 
<io)  Cassier's  Magazine,  New  York  City, 

25c. 
1  111   Engineering  (London),  W.  H.  Wiley, 

New  York  City,  35c. 

(12)  The  Engineer  (London),  International 

News  Co.,  New  York  City,  35c. 

(13)  Engineering  News.  New  York  City, 

15c 
•(14)  The  Engineering  Record,  New  York 
City,  12c 

(15)  Railroad   Gazette,   New  York   City. 

10c. 

(16)  Engineering    and     Mining    Journal, 

New  York  City.  15c. 

(17)  Street   Railway  Journal,   New  York 

City,  35c. 

(18)  Railway    and    Engineering    Review, 

Chicago,  111. 

(19)  Scientific  American  Supplement,  New 

York  City,  10c. 

f  20)  Iron  Age.  New  York  City,  10c. 

1211  Railway  Engineer,  London,  Eng- 
land. 

(22)  Iron  and  Coal  Trades  Review,  Lon- 

don, England. 

(23)  Bulletin,   American  Iron  and  Steel 

Assoc,  Philadelphia,  Pa. 
124)  American     Gaslight    Journal,    New 

York  City.  10c. 
<25)  American  Engineer,  New  York  City. 

20c. 
(26 1   Electrical  Review,  London.  England. 

(27)  Electrical  Worldand  Electrical  En- 

gineer, New  York  City,  10c. 

(28)  Industries  and   Iron,    London.  Eng- 

land. 

(29)  Journal,  Society  of  Arts,   London, 

England. 

(30)  Annates    des    Travaux   Publics   de 

Bclgique.  Brussels,  Belgium. 
(31 1   Annates  deV  Assoc,  des  Ing.   Sort  is 
des  Ecole  Sptciales  de  (laud,  Brus- 
sels, Belgium. 


(32)  Memoirs  et  Compt  Rendu  des  Tra- 
vaux, Soc.  Ing.  Civ.  de  France, 
Paris,  France. 

(33!    Le  G&nie  Civil,  Paris,  France. 

(34)  Portefeuille     Economiqtie    des    Ma- 

chines, Paris,  France. 

(35)  Nouvelles  Annates  de  la   Construc- 

tion, Paris,  France. 

(36)  La  Revue  Technique,  Paris,  France. 

(37)  Revue  de  Mecanique,  Paris,  France. 

(38)  Revue  (lenerale  des  Chemins  de  Fer 

et  des  Tramways,  Paris,  France. 

(39)  Railway  Master  Mechanic,  Chicago, 

111. 

(40)  Railway  Age,  Chicago,  111.,  10c. 

(41 )  Modern  Machinery , Chicago,  111.,, 10c. 

(42)  Transactions,  Am.  Inst.  Elec.  Eng., 

New  York  City,  50c. 

(43)  Annates    des    Ponts    et    Chausstes, 

Paris,  France. 

(44)  Journal.    Military   Service    Institu- 

tion, Governor's  Island,  New  York 
Harbor,  75c. 

(45)  Mines  and  Minerals,  Scranton,   Pa. 

20c. 

(46)  Scientific  American,  New  York  City, 

10c. 

(47)  Mechanical    Engineer,     Manchester, 

England. 

(48)  Zeitschrift  des  Vereines  Deutsche r  In- 

genieure,  Berlin,  Germany. 

( 49 )  Zeitsch  rift  fur  Ba  uwesen,  Berlin,  Ger- 

many. 

(50)  Stahl  und  Eisen,   Duesseldorf,  Ger- 

many. 

(51)  Deutsche    Bouzeilung,    Berlin,    Ger 

many. 

(52)  Rigasche     Industrie- Zeitung,     Riga, 

Russia. 

(53)  Zeitschrift   des  oesterreichischen   In- 

genieur  und  Architekten    Vereines, 
Vienna,  Austria. 

(54)  Den    Tekniske  Forenings    Tidsskrift, 

Copenhagen,  Denmark. 

(55)  Ingenidren,  Copenhagen,  Denmark. 

(56)  Teknisk  Tidskrift.   Stockholm,    Swe- 

den. 

(57)  Teknisk  Ugeblad.  Christiana,  Norway. 

(58)  Proceedings,   Eng.  Soc.    W.   Pa.     410 

Penn  Ave.,  Pittsburg,  Pa.    50c. 
(59")   Transactions.    Mining     Institute     of 
Scotland,   London  and  Newcastle- 
upon-Tyne. 

(60)  Bridges  and  Framed  Structures,  368 

Dearborn  St..  Chicago,  111.,  30c. 

(61)  Proceedings,  Western  Railway  Club. 

225  Dearborn  St.,  Chicago,  111.,  25c. 

(62)  American     Manufacturer    and    Iron 

World,  59  Ninth  St.,  Pittsburg,  Pa. 

(63)  Minutes  of  Proceedings,  Inst.  C.  E., 

London,  England. 
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LIST  OF  ARTICLES. 
Bridge. 

The  Bridge  as  a  Religious  Edifice.     (14)  Sept.  1(5 

Scherzer  Rolling  Lift  Bridges  over  the  Chicago  River      (14)  Sept.  23;  (15)  Sept.  23;   (18) 

Sept.  23:  (40)  Sept.  22. 
The  Staunchness  of  Riveted  Joints.    Prof.  J.  T.  Nicholson.     (5)  Part  II,  1898. 
Great  Central  Bailway — Types  of  Girder  Bridges.     (11)  Sept.  8. 
Proposed  Bridge  over" the  Tyne.     (12)  Sept.  15. 

Concrete-Steel  Bridge  Construction.    Edwin  Thacher,  M.  Am.  Soc.  C.  E.     (13)  Sept.  21. 
Masonry  Pier  Moved  by  Ice  and  Replaced.    R.  W.  Leonard.     (5)  Part  II.  1898. 
Floor  Details  of  a  City  Viaduct.     (14 )  Sept,  30. 

Railway  Viaducts  in  Cornwall,  Old  and  New.    T.  H.  Gibbons.     (11)  Sept.  29. 
The  Thomson  Run  Bridge.     (15)  Oct.  6. 
Memoire  sur  la  Construction  du  Pont  de  l'Oued  Endja  (Departement  de  Constantine. 

Algerie).    A.  Daujon.     (43)  1899.  Second  trimestre. 
Note  sur  les  Fatigues  Reelles  et  les  Fatigues  Calcuhes  dans  un  Pont  a,  Grandes  Mailles. 

M.  Mesnager.     (43)  1899,  Second  trimestre. 

Electrical. 

The  Determination  of  Standards  of  Conductivity.    Henry  P.  Harth.     (27)  Sept.  23. 

( »n  the  Rational  Suppression  of  Irrational  Systems  of  Units.    Prof.  E.  Hospitalier.    (27 ) 

Sept.  23. 
On  Electric  Units.    Prof.  E.  Blondel.     (27)  Sept.  23. 
Symbolic  Representation  of  General  Alternating  Waves  and  of  Double  Frequency  Vector 

Products.    Charles  Proteus  Steinmetz.     (42)  June  and  July,  1899. 
The  Action  of  the  Polyphase  Induction  Motor  Graphically  Explained.    William  Baxter, 

Jr.     (27)  Sept.  30. 
Elementary  Treatments  of  Alternating  Current  Problems.    W.  G.  Rhodes.     ( 26)  Sept. 

22;  (20)  Sept.  22. 
The  Equivalence  of  Triangles  and  Three-Pointed  Stars  in  Conducting  Networks.    A.  E. 

Kennelly.     (27)  Sept.  lti. 
Fly-Wheel  Power  of  Motors.    E.  K.  Scott,    (26)  Sept.  8. 
Over-Compounding  Dynamos.     E.  K.  Scott.     (26)  Sept.  15. 
Some  Notes  on  Single-Phase  Motors  with  Special  Reference  to  the  Heyland  Motors.  (26) 

Sept.  29. 
The  Electrical  and  Mechanical  Resistance  of  Dynamo  Brushes.     (27)  Sept,  16. 
Electric  Lighting  versus  Gas.    John  Martin.    (28)  Sept.  15. 
Iron  Poles,  Arc  Lamps  and  Wires  in  Boston.    Alton  D.  Adams.     (27)  Sept.  23. 
The  Lighting  of  Lynn.  (Eng.).     (26)  Sept.  15. 
Series  Arc  Lighting  from  Constant  Current  Transformers.    William  Lispenard  Robb. 

(13)  Oct,  5. 
St.  Cloud,  Minn.,  Water  Power  Plant.    F.  W.  Springer.     (27)  Sept.  30. 
Kalamazoo  Valley,  Mich.,  Transmission  Plant.    Edward  James  Hart.    (27)  Sept.  30. 
Electrical  Power  Transmission  from  Paderno  to  Mailand.    U.  Ancona.     (48)  Sept.  16. 
The  Cost  of  Electricity  in  Some  Typical  Buildings  in  New  York  City.    Percival  Robert 

Moses.     (42)  June  and  July,  1899;  (14)  Sept.  30. 
Electric  Power  in  Engineering  Works.    Dr.  Louis  Bell,     (io)  Oct.,  1899. 
Electrical  Machinery  on  Board  Ship.    Alexander  Siemens.    (12)  Sept,  22;  (47)  Sept,  30. 
Electrical  Auxiliary  Machinery  in  the  United  States  Navy.    Alton  D.  Adams.     112) 

Sept.  8. 
Electric  Light  and  Power  Transmission  at  Aigle.  Switzerland.    (12)  Sept.  8. 
An  Oerlikon  Electric  Mining  Plant  in  Southern  California.     (27)  Sept.  23. 
The  Oerlikon  Engineering  Works.     (26)  Sept.  29. 
An  American  Electric  Power  Plant  at  the  Frodingham  Steel  and  Iron  Works,  England. 

(27)  Oct.  7. 
Water  Power  Electrical  Plants  in  the  United  States.    B.  C.  Washington,  Jr.     <  24)  Serial 

beginning  Sept.  11.  ending  Sept.  18. 
The  Practical  Application  of  Electric  Motors  to  Printing  Press  Machinery.   W.  H.  Tapley. 

13)  Oct.,  1899. 
Storage  Batteries  versus  Electric  Isolated  Plants.    Alton  D.  Adams.     (10)  Oct.,  1899. 
Distribution  d'Energie  par  l'Electricite  dans  les  Ateliers  de  Construction  des  Machines 

de  la  "  Allgemeine  Elektricitaets  Gesellschaft  "  de  Berlin.     (36)    Serial  beginning 

July  10.  ending  Sept.  10. 

Marine. 

Japanese  Armored  Cruiser  Idzumo.     1 12)  Sept.  22. 

H.  M.  S.  London.     (12)  Sept.  29. 

The  Italian  Cruiser  Garibaldi.     ( 11 )  Sept.  15. 

A  New  Type  of  Battleship— The  French  Henri  Quatre.    (12)  Sept.  8. 

The  Chilian  Training  Ship  General  Baquedano.     (12)  Sept.  8. 

Torpedo-Boat  Destroyers  for  Sea  Service.    James  Howden.     (47)  Sept.  16. 

Triple  Screws  for  Warships.    Rear  Admiral  George  W.  Melville.  U.  S.  N.     (10)  Oct.,  1899. 

The  Use  of  Steam  in  Auxiliary  Machinery  for  Warships.     Lieut.  J.  K.  Robison.     (o) 

Oct..  1899. 
The  Increasing  Size  of  Steamships.    Herbert  C.  Sadler.     ( 10)  Oct.,  1899. 
The  Cunard  Liner  Ivemia.    (111  Sept,  22:  (12)  Sept.  22. 
The  White  Star  Twin  Screw  Steamer  Oceanic.     (12)  Sept.  15. 
The  Mabel  Grace  Channel  Stean.er.     (12)  Sept.  15. 
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Marine — (Continued). 

Progress  in  Steam  Navigation.    Sir  William  White"s  Presidential  Address,     (n)  Sept.  15; 

(12)  Sept.  15. 
Large  Atlantic  Cargo  Steamers.    G.  B.  Hunter.     (47)  Sept.  9. 
Fast  Cross-Channel  Steamers.    C.  H.  Parsons.     (11)  Sept.  22:  (47)  Sept.  30. 
The  Development  of  German  Shipbuilding.    Rudolph  Haack.     (9)  Oct.,  1899. 
Tests  of  the  Lake  Steamer  Penyisylvania,  fitted  with  Water-Tube  Boilers  and  Mechanical 

Stokers.     (13)  Oct.  5. 
The  Pendulum  Propeller.    H.  C.  Vogt.     (55)  Sept.  2. 

Taking  Steamers  by  the  Inland  Route  to  the  Caspian  Sea.     (12)  Sept.  22. 
La  Marine  Marchande.    J.  Fleury.     (32)  July,  1899. 

Mechanical. 

Notes  on  Rod  Rolling  and  its  Development.    N.  K.  Turnbull.     (62)  Serial  beginning 

Sept.  14,  ending  Oct.  5. 
The  Niclausse  Water-Tube  Boiler.    Mark  Robinson.     (12)  Sept.  22;  (28)  Sept.  22. 
Nickel  Steel  versus  Mild  Steel  Boiler  Tubes.     A.  F.  Yarrow.     (10)   Oct.,   1899;     (50) 

Sept.  1. 
The  Prevention  of  Smoke.     (14)  Sept.  16. 

The  Freitag  System  of  Coal  Dust  Firing.    L.  Kaufmann.     (48)  August  19. 
Coulthard's  Triple-Expansion  Engine.     (12)  Sept.  29. 
A  Large  Winding  Engine.     (22)  Sept.  22. 

Reversing  Machinery  for  Rolling  Mills.    L.  Ehrhardt.     (50)  Sept.  15. 
The  Use  of  Superheated  Steam  in  Steam  Engines.     (55)  Sept.  2. 
Notes  on  Testing  in  Connection  with  Mine  Plants.     (22)  Sept.  15. 
Condensing  Plants  for  Factory  Purposes.    Sir  Alfred  Seale  Haslam.     (10)  Oct.,  1899. 
The  Bauer  By-Product  Coke  Oven.     (24)  Sept.  18;  (52)  Sept.  28. 
The  400-Horse-Power  Gas  Producer  Plant  for  the  Erie  Railroad.     (15 )  Sept.  29. 
The  Yield  of  Coal  in  Coking.    Duncan  Anderson,  Jr.     (20)  Sept.  28. 
The  Utilization  of  Coke-Oven  Gases  for  Lighting.     (22)  Sept.  22. 
Plants  for  Utilizing  Blast-Furnace  Gases.    H.  Savage.    (16)  Oct.  7. 
Utilizing  Charcoal  Blast  Furnace  Gases.    F.  Zeyringer.     (62)  Sept.  21. 
On  the  Use  of  Finely-Divided  Iron  Ore  Obtained  by  Concentrating  Processes.    Professor 

J.  Wiborgh.     (20)  Sept,  14;  (11)  Sept.  15. 
Some  Forms  of  Magnetic  Separators  and  Their  Application  to  Different  Ores.    H.  C. 

McNeill.     (12)  Sept,  8. 
Gjer's  Hot-Blast  Temperature  Equalizer.     (16)  Sept.  16. 
Recent  Experiences  with  Steam  on  Common  Roads.     (11)  Sept.  22. 
The  Coulthard  Steam  Lurry.     (47)  Sept.  30. 
A  Self-Propelled  Steam  Fire  Engine.     (11)  Sept.  15. 
The  Renaux  Motor-Tricycle.     (28)  Sept.  15. 

New  Water  Circulating  Pumps  for  Petroleum-Spirit  Motor  Cars.     (28)  Sept.  8. 
A  New  Type  of  French  Automobile  Hansom.     (27)  Sept.  16. 
French  Trials  of  Electric  Delivery  Wagons.     (271  Sept.  23. 
The  Lillie  Evaporator.     (11)  Sept.  15. 
An  Australian  Air  Compressor.     (22)  Sept.  15. 
Experiments  on  the  Thrust  or  Lifting  Power  of  Air  Propellers.     William  George  Walker. 

(12)  Sept.  29. 
Goliath  Crane  at  Dover  Harbor  Works.     (11)  Sept.  29. 

Notes  on  the  Working  of  a  Self -Loading  (Gas)  Governor.    W.Whatmough.     (24)  Oct.  2. 
The  Westinghouse  Gas  Engine.     (15)  Sept  15. 

Moyens  Actuels  de  la  Conquete  de  T  Atmosphere.    Leo  Dex.     (36)  Sept.  25. 
Le  Revealer  de  M.  Donkin.    M.  Anspach.     (37)  August,  1899. 
Etude  de  la  Circulation  de  1'Eau  dans  les  Chaudieres  Multitubulaires.      H.  Brillie.      (33  ) 

Sept.  23. 
Regulateurs  de  Temperature.  Systeme  Dorian.     (34)  Sept..  1899. 

Automobiles;  Etudes  sur la  Direction  a  Deux  Pivots.     C.   Bourlet.      {33}   Serial,  begin- 
ning Sept.  2,  ending  Sept.  9. 

Mining. 

Deep  Pumping  at  the  Elliot  Colliery.     (22)  Sept,  22. 

Mechanical  Haulage  by  Compressed  Air.     (28)  Sept.  29. 

New  Mining  Machinery  in  Schlesien.    H.  Dubbel.     (48)  Sept.  9. 

The  Lake  Superior  Iron  Ore  Mines.    Jeremiah  Head  and  Archibald  P.  Head.     (10)  Oct., 

1899. 
Compressed  Air.  Electricity  and  Steam  for  Mining  Purposes.     W.  E.  Garforth.      no) 

Oct.,  1899. 
The  Control  of  Air  Currents  in  Gaseous  Mines.     (24)  Sept.  18. 

Coal  and  Coal  Mining  in  Michigan.    Charles  Holmes.     (16)  Sept.  16;  (24)  Sept.  25. 
Mining  on  the  Witwatersrand  to  12  000  Feet  Deep.    John  Yates.    (16)  Sept.  16. 
Determining  the  Deflection  of  Drill  Holes.    G.  C.  McFarlane.     (16)  Sept.  16. 
Charging  Rescue  Appliances  with  Oxygen.    J.Mayer.     (16I  Sept.  23. 
Notes  on  Silver  Losses  in  Smelting.    Malvern  W.  lies.    (16)   Serial  beginning  Sept.  9. 

ending  Sept.  23. 
The  Utilization  of  Drainage  Water  to  Work  a  Turbine  Driving  a  Winch.     ( 22)  Sept.  S. 
Pumping  Difficulties  in  the  Maypole  Colliery  Sinking.     (22)  Sept.  15. 
The  Lee  Long-Wall  Mining  Machine.    H.  Foster  Bain.     (22)  Sept.  22. 
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Municipal. 

Paving  Brick  and  Brick  Pavements.    H.J.March,    o)  August.  1899. 

Distributing  Gas  Under  High  Pressure.    F.  H.  Shelton.     (13)  Oct.  5. 

Vitriri  •  1  <  !lay  Pipe  instead  of  Iron  Pipe  for  Gas  Mains.    Irvin  Butterworth.     (13)  Oct.  5. 

Railroad. 

The  White  Pass  and  Yukon  Railway.     (13)  Oct.  5. 

Steel  Foundations  for  Steam  Railroad  Track.     Gustav  Lindenthal,  M.  Am.  Soc.  C.  E. 

( 15)  Serial  beginning  Sept.  8,  ending  Oct.  6. 
Modern  Developments  in  Track  and  Track  Work.    E.  E.  Russell  Tratman,  Assoc.  M.  Am. 

Soc.  C.  E.     (13)  Sept,  21. 
Switches  Operated  by  Electricity.     Russner.     (53)  Sept.  22. 
Improvements  in  Alignments  and  Grades,  Chicago,  Burlington  and  Quincy  Railway. 

(18)  Sept,  23. 
Tie  Spotting  or  Grooving  Machine,  Flint  and  Pere  Marquette  Railway.     (18)  Sept.  23. 
The  Barsi  Light  Railway.    J.  B.  Corrie.     (47)  Sept.  16. 
Remarkable  Extension  of  Light  Railways  in  Belgium.     (12)  Sept.  22. 
The  Sierra  Leone  Railway.     (12)  Sept.  8. 
The  Railways  of  Africa. *  ( 13)  Sept.  28. 

Express  Passenger  Locomotive  for  the  Great  Central  Railway.     ( 11 )  Sept.  29. 
The  New  Six-Coupled  Express  Engines  for  the  North-Eastern  Railway.    Charles  Rous- 

Marten.    ( 12)  Sept.  22. 
Diamond  Stack  Without  Netting.     (15)  Oct.  6. 

Heat  Transmission  in  Locomotive  Boilers.    William  Forsyth.     (25)  Oct.,  1899. 
Center  of  Gravity  of  Locomotives— Simple  Method  of  Determining.    G.  R.  Henderson. 

(25)  Oct.  ,  1899. 
Coke  as  Locomotive  Fuel.     (25)  Oct.,  1899. 
The  Organization  of  the  Maintenance  of  Way  Department.    E.  E.  Russell  Tratman, 

Assoc.  M.  Am.  Soc.  C.  E.     (18)  Sept.  30. 
Weighing  Cars  on  a  Gravity  Track;  Chicago,  Lake  Shore  and  Eastern  Railway.     (13) 

Sept.  21;  (15)  Sept,  15. 
Concrete  Railway  Structures.    F.G.Jonah.     (5)  Part  II.,  1898. 
The  Portrush  and  Giant's  Causeway  Electric  Railway.     (12)  Sept,  8. 
An  Electric  Railway  with  Side-Running  Trolley.     (13)  Sept.  21. 
Sheffield  Corporation  Tramways.     (26)  Sept.  8;  (47)  Sept.  23. 
Indispensable  Accessories   of 'Electric  Traction.    Henry  E.   P.   Cottrell.     (26)   Serial 

beginning  April  28,  ending  Sept.  15. 
Electric  Tramway  Traction.    Albert  D.  Greatorex.     (28)  Serial  beginning  August  25, 

ending  Sept.  8. 
Some  of  the  Latest  Improvements  in  Axle  Lighting.     (15)  Sept.  15;  (18)  Sept,  16:  1251 

Oct..  1899. 
The  Various  Systems  of  Railway  Fog  Signaling.    Wilfrid  Swanwick  Boult.     (21)  Sept.. 

Le  Chemin  de  Fer  Metropolitan!  de  Paris.  J.  Hervieu.  (35  )  Serial  beginning  in  March, 
ending  in  Sept.  1899. 

Tramways  Pneumatiques.     ( 36 )  Sept.  10. 

Le  Chemin  de  Fer  de  Laqueuille  au  Mont-Dore.    Georges  Leugny.     (36)  Sept.  10. 

Le  Transformation  des  Gares  de  Tours  et  de  Saint -Pierre-des-Corps.  MM.  Couvrat  and 
Sabouret.    (38)  Sept..  1889. 

Note  Relative  a  l'Emploi  des  Trucks-Transporteurs  sur  le  Reseau  a  Voie  de  Om.80  des 
Ardennes.    M.  Claise.     (43)  1890,  Second  trimestre. 

Alimentation  d'eau  des  Locomotives  en  Marche.     (33)  Sept.  16. 

Ventilation  des  Tunnels;  Conditions  d' Aeration.  Volume  d'Air  a  Introduire  dans  le  Tun- 
nel, et  Travail  Necessaire  pour  son  Introduction.  Raymond  Godf  ernaux.  (33)  Serial 
beginning  August  19.  ending  Sept.  16. 

Sanitary. 

The  Drainage  Problem  of  New  Orleans.     (14)  Sept.  16. 

The  Cleansing  of  Large  Cities.     (12)  Sept.  15. 

Modern  Methods  of  Sewage  Disposal.    Sir  William  Eenry  Preeee.     (13)  Sept.  14. 

Improved  Methods  for  the  Purification  of  Sewage  and  Water  as  Shown  in  the  Operation 

of  the  Municipal  Plant  at  Reading,  Pa,    John  Jerome  Deerv.     (3)  Serial  beginning 

in  Sept..  ending  in  Oct..  1899. 
The  Design  of  Refuse  Carts.     (14)  Sept.  Hi. 

Mason's  Refuse  1  J.isifier  for  the  Destruction  of  Town's  Refuse.     (47)  Sept.  16. 
Electricity  for  Sanitation  at  Havana.    (27  >  Oct.  7. 
Hospital  at  the  Assouan  Dam.     112)  Sept.  15. 
L'Emissaire  General  des  Eaux  d'Egout  de  la  Ville  <le  Paris.     E.  Fourrey.     (36)  Sept.  25. 

Structural. 

The  Vocklabruck  Cast-Steel  Works.     (22)  Sept.  29. 

New  50-Ton  Open  Hearth  Furnaces  at  Barrow  Steel  Works.     (22)  Sept.  29. 

Tilting  Open-Hearth   Furnaces.     Archibald   P.  Head.     (62)  Serial  beginning  Sept.  14, 

ending  Sept.  21. 
The  Diffusion  of  Elements  in  Iron.     John  Oliver  Arnold  and  Andrew  McWllliam.     (11) 

Serial  beginning  August  25.  ending  Sept.  8. 
Pig-iron  Fractures  and  their  Value  in  Foundry  Practice.    James  Williard  Miller,     in) 

Sept.-'. 
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Structural— (Continued). 

The  Permanent  Set  of  Iron,  Steel  and  Copper.    George  Wilson.     (47)  Sept.  9. 

The  Solution  Theory  of  Carburized  Iron.    A.  Stansfleld.     (47)  Sept.  9. 

The  Constitution  of  Steel.     Prof.  E.  D.  Campbell.     (47)  Sept.  16. 

The  Choice  of  Materials  for  and  the  Manufacture  of  Concrete  for  Engineering  Works 

(13)  Sept.  28. 
The  Effect  of  Salt  Water  on  Cement.    A.  S.  Cooper.     (3)  Oct.,  1899. 
The  Scissors  Truss.     (14)  Oct.  7. 
The  Designing  of  Columns  for  Freight  and  Passenger  Sheds  Exposed  to  Wind.    J.  J. 

Pemoff.    (13)  Oct.  5. 
The  Problem  of  Struts  with  Lateral  Loads.    B.  W.  Head.     (12)  Sept.  22. 
The  Failure  of  the  Chicago  Coliseum  Roof  Arches.     (13)  Sspt.  14;  (141  Sept.  16. 
The  New  Car  Shops  of  the  John  Stephenson  Company,  Ltd.    Charles  H.  Davis,  M.  Am. 

Soc.  C.  E.     (14)  Serial  beginning  Sept.  23.  ending  Oct.  7. 
The  Highest  Office  Building  in  the  World.     (11)  Sept.  22. 
The  New  Pennsylvania  Railroad  Passenger  Terminal  at  Jersey  City.    Edward  B.  Gumaer. 

(13)  Sept.  28. 
The  Dewey  Arch,  New  York.     (14)  Sept.  30. 
Underpinning  Without  Supports.    (14)  Sept.  30. 
Tenement  House  Requirements  in  New  York.     (14)  Sept.  30. 

The  Proposed  New  Building  Code  for  New  York  City.     (13)  Sept   14:  (14)  Sept.  16. 
Recent  Theater  Construction.     (14)  Sept.  16. 
Suspended  Ceilings  and  Metallic  Furring.     (14)  Oct.  7. 
A  Suburban  Stable  and  Casino.     (14)  Oct.  7. 
Building  the  Mahamonie  Pagoda,  Mandalay.     (14)  Oct.  7. 
A  Model  Electric  Light  and  Power  Plant.     (131  Sept.  14. 
Water  Supply  in  a  Large  New  York  Residence.     ( 14 )  Sept.  16. 
An  Exhaust  Hot- Water  Heating  Plant.     (14)  Sept.  33. 
A  Type  of  Heavy  Electric  Sidewalk  Elevator.     ( 13 )  Sept.  28. 
Construction  de  la  Grande  Coupole  en  Acier  de  TObservatoire  Yerkes,  a  Lake  Geneva, 

Wis.    (33)  Sept.  16.  . , 

Exposition  de  1900— Etat  d'Avancement  des  Travaux  de  TEsplanade  des  Invahdes,  des 

Berges,  de  la  Seine  et  du  Trocadero.    Ch.  Dantin.     (33)  Sept  23. 
Le  Metal  Deploye,  Fabrication  et  Emplois.    P.  Chalon.     (32)  July,  1899. 
Ec< >le  de  Garcoriset  Salle  Communalede  Reunion  a  Saint  Maurice  (Seine).    G.  Guyon. 

(35>  Sept.,  1899.  „     .  ,  . 

Supports  Horizontaux  Armatures,  en  Fer  et  Ciment.    Henry  Picq.     (35)  Serial  begin- 
ning in  Aug.,  ending  in  Sept.,  1899. 

Topographical. 

The  Progress  of  the  Ordnance  Survey.     ( 12 )  Sept.  22. 
Le  Ttdemetre  de  Campagne  Weldon.     (36)  Sept.  10. 

Water  Supply. 

Report  of  the  Commission  on  the  Improvement  of  the  Philadelphia  Water  Supply.     ( 13  > 

Oct.  5;  (14)  Oct,  7. 
The  Improvement  of  the  Philadelphia  Water  Supply.     (14)  Sept.  30. 
Reinforcing  a  Well  by  Galleries.    (14)  Oct.  7. 
The  Water-Works  of  Laodicea.  Asia  Minor.    Edward  Wegmann.  M.  Am.  Soc.  C.  E.     (14) 

Sept.  16. 
Sinking  Driven  Wells.     (14)  Sept.  16. 
The  Design  of  Covered  Reservoirs.     (14)  Sept.  23. 
Flood-Water  Channel;  Altoona  Reservoirs.     (14)  Sept.  23. 
The  Care  of  Fire  Hydrants  in  Winter.     ( 14 )  Sept.  23. 
Cone  Reservoir  Outlet  Valves,  Plymouth.  England.     (13)  Sept.  21. 
The  Removal  of  Iron  from  Ground  Water.     (14)  Sept.  30. 
Coatings  for  Cast-Iron  Water  Pipes.    Thomas  H.  Wiggin.     (13)  Sept,  14. 
Power  Development  at  Niagara  Falls  other  than  that  of  the  Niagara  Power  Company. 

W.  C.  Johnson,  M.  Am.  Soc.  C.  E.     (1)  Aug.,  1899. 

Waterways. 

The  Effect  of  Waves  on  Breakwaters.     ( 14 )  Sept.  16. 

Predicting  Floods  in  Rivers.     (14)  Sept,  16. 

The  Chittenden  Drum  Dam.     (14)  Sept,  16. 

The  Report  of  the  Nicaragua  Canal  Commission.     ( 13)  Sept.  21. 

The  Soulanges  Canal.    Thomas  Monro.     (5)  Part  II,  1898. 

Trent  Canal.    R.B.Rogers.     (5)  Part  II,  1898.  <ono 

Montreal,  Ottawaand  Georgian  Bay  Canal  Navigation.  H  K.  Wieksteed.  (5)  PartH,18»8. 

Failure  of  Canal  Bank  at  Dudley  Port.     (12)  Sept.  22. 

Mechanical  Traction  on  Canals.     (12)  Sept.  29 

The  lODO-Horse-Power  Ladder  Dredge  for  the  Vladivostock  Harbor  Improvement  Work, 

Russia.    (13)  Oct.  5. 
American  Electrical  Dredges  on  the  Volga  Rivar,  Russia.     (27)  Oct.  7. 
Lighthouse  Illumination.     (28)  Sept.  29.  . 

Mi-moire  sur  la  Transformation  du  Canal  Lateral  a  la  Loire  entre  Digoin  et   Maimbray 

M.  Mazoyer.    (43)  1899,  Second  trimestre.  , 

Notice  sur  la  Barra  de  Rio  Grande  do  Sul  et  sur  les  Moyens  d'y  Creer  une  Passe  Stable. 

L.  L.  Vauthier.     (43)  1899,  Second  trimestre. 
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Containing  the  True  Square  of  Every  Foot  and  Fraction  Thereof  from 
0  to  100  feet,  Advancing  by  One-Sixteenth  of  an  Inch.  By  John  L. 
Hall.  Morocco.  5|  x  Z\  inches,  206  pp.  New  York.  The  Engineering 
News  Publishing  Company.     $2.00. 

In  these  tables  accuracy  to  the  sixth  decimal  place  is  aimed  at;  the  fraction  being 
squared  before  it  is  reduced  to  the  decimal  form.  The  book  opens  with  some  notes  on 
the  relations  of  the  squares,  and  extends  the  table  up  to  100  feet,  by  sixteenths  of  an 
inch.  The  page  numbers  in  this  book  agree  with  the  number  of  feet  to  be  squared.  The 
right-hand  pages  are  given  half  numbers,  with  the  result  that  all  the  squares  pertaining 
to  any  foot  are  in  view  when  the  page  bearing  that  number  is  referred  to  A  separate 
column  is  devoted  to  each  inch,  broken  by  blanks  into  quarters  and  the  roots  are  set  in 
a  full-face  type,  in  order  to  promote  clearness  and  ease  of  reference. 


MASONRY  CONSTRUCTION. 

A  Treatise  on  Masonry  Construction.  By  Ira  O.  Baker,  M.  Am. 
Soc.  C.  E.  Cloth,  9x6  ins.  556  pp.  New  York.  John  Wiley  &  Sons. 
$5. 00. 

This  is  the  ninth  edition  of  Professor  Baker's  work.  In  it  the  chapters  on  Cement, 
and  Mortar  and  Concrete  have  been  entirely  rewritten  and  a  chapter  on  Sand,  Gravel  and 
Broken  Stone  has  been  added.  A  number  of  minor  changes  have  also  been  made.  The 
chapter  and  article  headings  are  repeated  on  facing  pages,  and  there  are  six  folding  plates 
and  an  index  of  eight  pages. 


MODERN  AMERICAN  SCHOOL  BUILDINGS. 

Being  a  Treatise  upon,  and  Designs  for,  the  Construction  of  School 
Buildings.  By  Warren  Richard  Briggs.  Cloth,  9  x  6  ins.  411  pp., 
illus.     New  York.     John  Wiley  &  Sons.     §4.00. 

This  book  is  a  rearrangement  of  papers  prepared  for  State  Board  of  Health  reports 
and  others  originally  written  for  architectual  periodicals,  to  which  new  chapters,  com- 
prising nearly  half  the  bulk  of  the  volume,  have  been  added.  The  chapter  headings  are: 
In  General,  Appropriations.  Competitions.  Specialists.  Commissions,  Superintendence, 
Ethics,  Ready-Made  Plans,  Entrance-Halls  and  Staircases,  Windows  and  Lighting,  Hat- 
and-Cloak  Rooms,  Playrooms,  Heating  and  Ventilation,  Sanitary  Arrangements.  Hy- 
gienic Construction  of  the  Bridgeport  High  School  Building.  Suburban  Schoolhouse*s, 
Planning  and  Construction  of  Schoolhouses.  City  School  Buildings  on  Restricted  Sites, 
The  book  has  Ml  pages  of  illustrations,  comprising  elevations  and  floor  plans  of  school 
buildings. 

THE  FIREPROOFINQ  OF  STEEL  BUILDINGS. 

Bv  J.  K.  Freitag.  Cloth,  9x6  ins.  319  pp.,  illus.  New  York. 
John  Wiley  &  Sons.     $2.50. 

While  the  author  recognizes  that  the  subject  of  fire-proofing  is  still  in  the  experi- 
mental stage,  this  volume  is  intended  to  present  systematized  information  regarding 
the  development  of  the  fire  proofing  of  steel  buildings  and  the  present  most  approved 
and  efficient  methods  of  treatment.  The  chapter  arrangements  are  designed  to  cover 
the  development,  fires  and  tests,  materials,  planning,  details  and  equipment.  There  is  an 
index  of  eleven  pages. 
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ADDITIONS. 

members.  Date  of 

Membership. 

Gen.  Mgr.  for  W.  M.  Ritter,  Welch,  W.  Va.  1  M.  Oct.      4,  1899 

Chase,  William  Beveely 

City  Engineer,  Portland,  Ore Sept.    6,  1899 

~  „  i  Jun.  Dec.     3,  1890 

Davis,  Chandler  \ 

30  East  39th  St.,  New  York  City j  Jf800'  M"     *eb'     «'   ^5 

(  M.  Oct.      4,  1899 

Donovan,  Cornelius 

Port  Eads,  La Oct.      4,1899 

Griggs,  Julian 

Chf.  Eng.,  Dept.  of  Public  Improvements,   Columbus, 

Ohio Oct.      4,   1899 

Hazlehurst,  James  Nisbet 

4  Care  of  M.  T.  Lewman  &  Co.,  Mobile,  Ala Oct.       4,  1899 

Mosscrop,  Alfred  Mitton  i  Jun.  May     4,  1887 

Eng.  for  Rochester  B.  &  I.  Works,  49  Rutgers  j  Assoc.  M.     May     3,  1893 

St.,  Rochester,  N.  Y I  M.  Oct.      4,1899 

Pence,  William  David 

Prof,  of  Civ.  Eng.,  Purdue  Univ.,  La  Fayette,  Ind Oct.      4,  1899 

Safford,  Arthur  Truman 

6C>  Broadway,  Lowell,  Mass Sept.    6,  1899 

Shiraishi,  Naoji 

Consulting  Engineer,  Kiushiu  Ry.  Co.  and  Wakamatsu 

Harbor  Works,  Hamaishiki,  Yokkaichi,  Miye,  Japan.  .     Oct.     4,  1899 

Wateehouse,  John 

Consulting  Eng.,  Manhattan  Ry.,  71  Broadway,  Room 

1302,  New  York  City Oct.      4,1899 

Webster,  Charles  Edward 

Chf.  Eng.,  L.  V.  R.  R.,  South  Bethlehem,  Pa Oct.      4,  1899 

Zook.  Morris  Alexander 

Box  536,  Princeton,  Ind Oct.       4,  1899 

associate  members. 
Anderson,  David  Guy 

Asst.  Eng.,  Engr.    Office,  U.  S.  Army,  Philadelphia,  Pa.     Oct.     4,1899 
Beydone-Jack,  Eenest  Edmund 

Care  of  Keystone  Bridge  Works,  Pittsburg,  Pa Oct.     4,1899 

Lavis,  Feed 

Care  of  Chihuahua  Mining  Co.,  Chihuahua,  Mex :     Sept.    6,  1899 

Llewellyn,  Feedeeick  Thomas 

1012  Hennen  Bldg. ,  New  Orleans,  La Oct       4,  1 899 

Seueot,  Paul  Albeet  (  Jun.  April  30,   1895 


Box  53,  Ozone  Park,  N.  Y I  Assoc.  M.     Oct.      4,  1899 


...I 
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JUNIORS.  Date  Qf 

Given,  Richand  Alexandee  Membership. 

Lichen  P.  O.,  via  Memphis,  Tenn June     6,  1899 

Harby,  Isaac 

150  West  64th  St.,  New  York  City June    6,  1899 

Sesseb,  John  Cobnelious 

Saint  Joseph,  Mich Sept.    5,1899 

Sinnickson,  George  Rosengarten 

230  West  Rittenhouse  Square,  Philadelphia,  Pa Sept.    5,  1899 

Taylor,  Alexander  Jenifer 

9  Concord  Sq.,  Boston,  Mass Oct.       3,1899 

CHANGES  OF  ADDRESS. 

members. 

Amweg,  Frederick  James Chf.  Eng.,  Honolulu   Rapid   Transit 

and  Land  Co.,  Honolulu,  H.  I. 

Auchtncloss,  William  S 6363  Drexel  Road,  Station  W,  Phila- 
delphia, Pa. 

Buck,  Richard  Sutton 179  Washington  St.,  Brooklyn,  N.  Y. 

Cowles,  Walter  Linsley Care  of  Brown  H.  &  C.  M.  Co.,  Ham- 
ilton and  Belden  Sts.,  Cleveland, 
Ohio. 

Dunham,    Herbert  Franklin St.    Paul  Bldg.,  220  Broadway,  New 

York  City. 

Fehr,  Harrison  Robert Supt.  &  Eng.,  E.  P.  &  B.  St.  Ry.  Co., 

Easton,  Pa. 

Fl<5k,  Walter  Leslie Maj.,  Corps  of  Engineers,  U.  S.  A., 

U.  S.  Engineer  Office,  Portsmouth, 
N.  H. 

Flad,  Edward New  City  Hall,  St.  Louis,  Mo. 

Fuller,  William  Barnard 143  Linden  Ave.,  Maiden,  Mass. 

Gifford,  George  E The    King    Bridge    Co.,     95   Liberty 

St.,  New  York  City. 

Gresham.  Robert  Hall Care   of    Mr.   Lewis   Kingman,    Chf. 

Eng.,  Mex.  Cent,  Ry.,  City  of 
Mexico,  Mex. 

Haight,  Stephen  Samuel 2085  Daly  Ave.,  Bronx  Borough,  New 
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THE  EXACT  DESIGN   OF  STATICALLY  INDETER- 
MINATE FRAMEWORKS.    AN  EXPOSITION  OF 
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Introduction. 

In  the  theoretic  consideration  of  all  material  systems  it  is  customary, 
in  fact  necessary,  to  replace  them  by  more  or  less  equivalent  hut 
simpler  systems.  This  alone  makes  their  analytic  examination  possi- 
ble, not  to  say  practicable  ;  and  the  results  thus  obtained,  although 
applying  strictly  only  to  the  ideal  constructions  of  theory,  throw  much 
valuable  light  on  the  workings  of  the  actual  material  systems. 

But  so  accustomed  have  we  become  to  this  procedure  that  we  often 
forget  that  between  the  theoretic  results  and  the  actual  conditions 
there  must  always  exist  a  divergence,  greater  in  proportion  as  the 
difference  between  the  imaginary  system  and  the  real  system  is  the 
greater.  This  neglect  leads  to  two  serious  faults:  First,  in  the  con- 
sideration of  existing  systems,  replacing  them  by  theoretic  systems, 
which  insufficiently  represent  them,  and  applying  the  conclusions 
thus  derived  as  though  they  were  practically  exact:     Second,  in  the 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 
( lorrespoii'leni-e  is  invited  from  those  who  cannot" be  present  at  the  meeting,  and  may  be 
sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published  in  a 
subsequent  number  of  Proceedings,  and,  when  finally  closed,  the  papers  with  discussion 
in  full  will  be  published  in  Transactions. 


Papers.]  CILLEY    ON    INDETERMINATE    FRAMEWORKS.  565 

creation  of  new  systems,  constructing  them  so  differently  from  the 
ideal  systems  on  which  they  are  based  that  the  actual  conditions  are 
quite  unlike  those  supposed.  This  has  given  rise  to  many  strange 
fallacies,  has  held  back  practice  and  has  discredited  theory. 

FrameAvorks  furnish  excellent  illustrations  of  this,  for  the  ideal 
framework  has  always  been  a  far  simpler  structure  than  the  real 
framework,  and  its  theory  correspondingly  different  from  actual  con- 
ditions. Whereas  the  ideal  framework  consists  of  a  group  of  straight 
members  so  joined  at  their  ends  as  to  move  freely  about  the  points  of 
connection,  loaded  only  at  these  points,  and — neglecting  the  effects 
of  dead  weight  and  wind  pressure — subject,  therefore,  only  to  direct 
stress  of  tension  or  compression  in  the  members,  actual  frameworks 
always  have  joints  more  or  less  stiff,  their  members  are  frequently 
joined  at  other  points  than  their  ends,  and  they  are  loaded  at  other 
points  than  their  joints,  thus  introducing  flexure  of  the  members, 
as  well  as  direct  stress,  as  a  result  of  the  application  of  loads. 

But  it  has  so  long  been  customary  to  overlook  these  divergencies 
between  theory  and  practice,  to  gratuitously  assume  them  of  no  con- 
sequence, that  we  now,  as  a  matter  of  course,  figure  our  simple 
theoretic  system  and  then  apply  the  results  to  our  complex  actual 
system,  without  a  doubt,  apparently,  that  this  application  is  not  only 
justifiable,  but  practically  exact.  This  has  resulted  in  the  perpetua- 
tion of  defective  construction  and  the  fallacy  that  increased  strength 
and  stiffness,  with  the  same  amount  of  material,  is  to  be  obtained  by 
stiff  joints,  broad  members  rigidly  attached  where  they  pass  one  an- 
other, continuous  members,  etc.  To  this  day,  some  eminent  engineers 
uphold  these  as  virtues.  And,  on  the  other  hand,  this  has  resulted  in 
indifference  as  to  the  variations  between  theory  and  practice  which 
actually  exist,  and  a  neglect  to  develop,  and  still  more  to  apply, 
more  exact  parallelism,  both  in  theory  and  practice.  In  America  a 
partial  attempt  to  fulfill  these  suppositions  of  the  ideal  framework  by 
the  use  of  pin  connections  was  made  long  ago,  yet  we  continue  to  use 
continuous  chords,  and  floor  systems,  and  many  riveted  connections 
of  which  the  theory  takes  no  account.  In  Europe  a  few  attempts  have 
been  made  to  calculate  closer  theoretic  parallels  to  actual  structures. 
and  these  more  exact  calculations  have  shown  how  very  considerable 
were  the  neglected  elements  of  stress  and  the  importance  of  eliminat- 
ing these  "secondary"  stresses  as  they  are  called;  but  these  calcnla- 
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tions  are  very  recent,  and  are  extremely  few  in  number,  for  they  are 
very  laborious. 

The  net  result  is,  that  not  only  do  theory  and  practice  diverge  to 
an  important  extent,  but  that  this  divergence  is  given  practically  no 
attention.  This  is  not  as  it  should  be,  and  we  may  look  forward  to 
considerable  improvement  in  this  respect  in  the  near  future.  The 
author  believes  that  a  much  closer  approach  of  the  actual  to  the  ideal 
framework  is  not  only  practicable,  but  desirable;  and,  on  the  other 
hand,  he  considers  more  exact  calculation,  that  is,  calculation  of  the 
structures  more  nearly  as  they  are,  a  requisite  to  progress.  Expensive 
mechanical  devices  should  not  be  used  in  the  effort  to  approach  more 
nearly  ideal  construction  where  no  corresponding  practical  advantage 
can  be  shown,  and  laborious  calculations  are  out  of  place  where  the 
limits  of  error  of  simple  approximate  calculations  are  known  and  can 
more  cheaply  be  taken  into  account  through  liberality  in  construc- 
tion. But  what  may  be  insisted  on  is  that  either  the  actual  conditions 
shall  be  taken  into  account  through  more  exact  calculation,  or  that  no 
pretence  of  accuracy  shall  be  made  where  there  has  been  none,  and 
that  the  divergences  between  the  theory  used  and  the  construction 
actually  carried  out  shall  be  allowed  for  liberally. 

The  object  of  this  paper  is  not  to  consider  the  more  exact  calcula- 
tion of  actual  structures,  but  rather  to  examine  certain  questions  in 
connection  with  ideal  frameworks,  of  the  greatest  practical  importance 
because  at  the  foundation  of  actual  designs.  It  deals  with  statically 
indeterminate  ideal  frameworks,  that  is,  ideal  frameworks  as  previ- 
ously defined,  in  which  not  all  the  members  are  essential,  or,  in  other 
words,  in  which  some  members  are  superfluous.  "What  are  the  condi- 
tions involved  and  how  may  such  frameworks  be  exactly  designed; 
what  are  their  qualities,  and  what  their  merits  and  demerits?  Such  is 
the  matter  which  this  paper  seeks  to  consider.  Its  purpose  is  not  to 
give  instruction  in  methods,  but  simply  to  indicate  the  principles 
involved,  to  point  out  some  fundamental  but  not  generally  known 
facts,  and  to  discuss  broadly,  with  the  aid  of  a  few  simple  illustra- 
tions, the  bearing  of  these  facts  on  practice.  And  let  not  such  dis- 
cussion of  ideal  construction  be  underrated  and  regarded  as  of  no 
value  in  connection  with  actual  structures,  which  all,  more  or  less, 
diverge  from  the  ideal,  for  it  must  be  remembered  that  the  ideal  here 
considered  is  the  basis  on  which  all  actual  practice  is  founded. 
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The  use  of  statically  indeterminate  frameworks,  in  the  sense  here 
mentioned,  has  been  exceedingly  common  in  Europe,  where  it  has 
been,  and  is  even  now,  advocated  extensively  by  the  most  eminent 
engineers.  Continuous  bridges,  two-hinged  and  hingeless  arches, 
arches  supporting  continuous  trusses,  and  their  inversions  of  sus- 
pension type,  not  only  are  met  frequently  in  existing  structures,  but 
are  used  frequently  in  new  projects.  And  there  are  indications  that 
here  in  the  United  States  these  constructions  are  gaining  a  certain 
hold,  as  shown  by  the  ei'ection  of  certain  recent  arches  and  suspension 
bridges,  and  above  all  by  the  proposed  huge  suspension  bridge  at 
New  York.  Moreover,  since  most  frameworks  are  actually  space- 
frameworks,  formed  by  uniting  several  plane  frameworks,  and  this 
connection  is  made  without  consideration  of  statical  determination, 
most  frameworks — as  bridge  trusses  with  their  connecting  wind 
bracing— are  actually  indeterminate,  whether  or  not  their  component 
plane  frameworks  are  statically  determined  when  alone.  This  gives 
great  prominence  to  the  subject  of  the  construction  of  frameworks 
with  superfluous  bars,  and  makes  a  clear  understanding  of  them 
exceedingly  important.  Is  it  advisable  to  use  such  structures  rather 
than  the  much  simpler  "just  determined"  construction  generally 
advocated  in  America?     Which  is  the  better,  and  why? 

In  the  course  of  the  more  mathematical  examination  which  will 
follow,  the  answer  to  this  question  will  present  itself,  but  it  is  advis- 
able here  to  review  briefly  certain  facts. 

European  engineers  have  always  been  the  principal  advocates  of 
indeterminate  construction.  They  have  insistently  claimed  for  it  the 
virtues  of  greater  economy,  strength,  safety  and  stiffness.  Practically, 
no  demonstration  of  these  claims  has  been  forthcoming,  except,  perhaps, 
proof  that  the  continuous  girder  possessed  these  advantages  as  com- 
pared with  equal  free  spans;  but  this  comparison  was  unfair,  and  the 
proper  rejoinder  to  it  was  eventually  given  by  the  cantilever.  Grudg- 
ingly conceding  its  equivalence,  European  engineers  continue  to  claim, 
without  demonstration,  the  superiority  of  the  remaining  types,  particu- 
larly of  the  two  hinged  and  hingeless  arches  over  the  three-hinged  arch. 

These  claims  have  not  been  wholly  uncontested.  As  early  as 
1876,  Maurice  Levy,  in  Paris,  insisted  strongly  on  the  universal 
economic  superiority  of  frameworks  with  no  superfluous  bars.  He 
supported   his  contention   by    general   reasoning,    and   demonstrated 
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mathematically,  that  in  a  certain  exceptional  case  with  superfluous  bars 
the  economy  was  no  greater  than  without  such  bars.  But  little  atten- 
tion seems  to  have  been  paid  to  Levy's  statements,  possibly  because 
they  wore  not  accompanied  by  any  general  mathematical  proof.  The 
subject,  from  this  point  of  view,  seems  to  have  been  dropped 
entirely  from  consideration,  and  the  author,  in  his  studies  in  Paris, 
Zurich  and  Berlin,  perhaps  the  most  notable  of  the  European  engi- 
neering schools,  has  found  no  further  mention  of  it.  In  these  schools 
statically  indeterminate  structures  are  universally  taught  and  advo- 
cated, being  regarded,  apparently,  as  more  difficult,  but  better,  than 
the  simpler,  determined  structures.  Beautiful  methods  of  calculation 
have  been  developed  for  the  more  complex  structures,  and  the  professors, 
possibly  fascinated  by  the  charms  of  these  computations,  gave  them 
great  prominence,  and  fostered  among  the  students  a  predilection  for 
difficult  types,  without  making  any  study  of  the  question,  whether  or 
not  there  were  real  advantages  in  their  use  to  offset  their  difficulties. 

Feeling  convinced  that,  while  the  knowledge  of  methods  of  calcu- 
lation of  difficult  structures  was  exceedingly  valuable  because  of  their 
frequent  occurrence,  and  because  of  unavoidable  occasions  for  their 
use,  the  encouragement,  even  preference,  given  to  the  use  of  such  con- 
struction was  mistaken,  the  author,  fully  informed  as  to  European 
ideas  and  methods,  undertook  a  general  investigation  of  the  com- 
parative merits  of  frameworks  with  and  without  st^erfluous  bars. 
The  result  was  the  discovery  of  some  curiously  unknown,  although 
most  fundamental,  facts  concerning  the  design  of  frameworks  with 
superfluous  bars  and  the  distribution  of  stresses  therein,  together 
with  a  somewhat  general  demonstration  of  the  economic  superiority 
of  statically  determined  over  indeterminate  construction.  In  a  simple 
and  popular  article  published  in  the  Technology  Quarterly  *  for  June, 
1S97,  these  results  were  set  forth,  but  it  was  desired  to  present  the 
matter,  in  a  somewhat  more  mathematical  and  complete  form,  directly 
to  t  lie  engineering  public,  for  whom  it  would  have  a  particular  interest. 

Consequently,  the  present  article  has  been  written.  In  it  the 
simple  illustrations  and  much  of  the  matter  of  the  preceding  article 
have  been  passed  over  with  a  mere  reference,  the  subject  being  treated 
somewhat  more  generally,  and  much  space  has  been  devoted  to  some 
illustrations  of  selected,  extremely  simple  cases  of  exact  design,  with 
*  Published  by  the  Massachusetts  Institute  of  Technology. 
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the  purpose  of  demonstrating  the  impracticability,  the  futility,  even 
the  folly  of  attempting  such  designing  in  practice,  rather  than  fur- 
nishing instruction  in  its  use.  It  is  desired  simply  that  those  who 
read  this,  by  the  inspection  of  the  amount  and  difficulties  of  the 
work  as  exposed  in  the  illustrations,  may  form  some  adequate  notion 
of  why  the  exact  design  of  frameworks  with  superfluous  bars  is  not  to 
be  thought  of,  and,  therefore,  why  such  design  in  practice,  in  the 
future  as  in  the  past,  will  be  made  by  methods  of  trial,  which  can 
only  give  at  best,  after  infinite  labor,  most  imperfect  and  uneconomic 
results.  But  it  is  desired  that  they  may  examine  with  care  the  results 
obtained  in  the  illustrations,  to  convince  themselves  that  even  with 
exact  methods,  giving  the  most  perfect  possible  designs,  and  when 
neglecting  temperature  effects  and  many  other  serious  objections,  the 
use  of  superfluous  bars  furnishes  no  sensible  advantage,  while, 
including  these  inevitable  accompaniments  of  indeterminate  construc- 
tion, it  is  in  all  respects  inferior  to  the  simple  determinate  con- 
struction, taught  and  advocated  in  our  schools,  and  with  which 
American  bridge  engineers  are  perfectly  familiar. 

To  those  whose  interest  and  leisure  permit,  more  careful  perusal 
of  the  illustrations  is  recommended,  and  in  particular  the  working 
out  of  similar  examples.  Such  work  would  form  a  valuable  supple- 
ment to  the  little  that  the  author  is  here  able  to  offer.  And  further, 
he  would  suggest  the  careful  analysis  of  some  notable  existing  inde- 
terminate structures,  and  their  comparison  with  designs  of  parallel 
statically  determined  structures.  The  results  will  inevitably  be  sur- 
prising in  their  demonstration  of  the  sad  deficiency  of  such  indeter- 
minate structures,  judged  by  the  standards  of  good  proportioning 
insisted  on  in  all  statically  determined  designs.  American  engineers 
may  in  the  future  devote  their  attention  to  the  determination  of  the 
best  statically  determined  forms,  to  the  development  of  ^statically 
determined  space-frameworks  and  to  the  perfection  of  details  intended 
to  ensure  the  usually  assumed  ideal  simplicity  of  stress,  with  the 
assurance  that  they  are  on  the  sole  road  to  the  best  designs. 

The  author  further  ventures  to  hope  that  structures  now  in  con- 
templation but  not  commenced,  projected  in  statically  indeterminate 
form,  will  be  reconsidered,  and  that  more  economic  statically  deter- 
mined forms,  which  certainly  exist,  will  be  determined  and  used  in 
their  stead. 
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The  Exact  Design  of  Statically  Indeterminate  Frameworks. 

In  an  ideal  framework,  since  it  is  composed  only  of  members  joined 
at  their  ends,  freely  movable  at  these  joints  and  loaded  only  at  the 
joints,  we  are  concerned  only  with  the  equilibrium  of  forces  acting  at 
points — the  joint  centers.  Therefore,  the  conditions  at  each  joint  are 
three  in  number,  that  the  resultant  forces  along  three  rectangular  axes 
shall  be  zero.  If  a  framework  have  n  joints  this  furnishes  3m  equations 
of  condition  which  must  be  satisfied.  Of  these  3n  equations  but 
3t>  —  6  are  independent  equations  involving  the  inner  forces  alone, 
since  they  must  together  satisfy  six  conditions  of  equilibrium  among 
the  outer  forces  acting  on  the  framework,  including  in  these  outer- 
forces  the  elements  of  the  reactions  as  well  as  the  loads.  In  general,, 
for  the  stability  of  the  structure,  these  elements  of  the  reactions  must 
be  at  least  six  in  number.  Let  their  number  be  r,  and  the  number  of 
members  of  the  framework  or  bars  be  in.  Then,  for  stability,  m  -f-  r 
must  at  least  equal  3n.  But  m  +  r  may  perfectly  well  exceed  Sn,  in 
which  case  the  framework  becomes  statically  indeterminate,  because 
the  3m  conditions  furnished  by  statics  are  insufficient  to  determine  the 
vi  -f-  r  unknown  bar  stresses  and  reaction  elements. 

If  the  framework  were  statically  determined  we  should  have 
m  |  r  =  3>i,  the  form  of  the  framework  would  be  just  determined 
through  the  lines  of  its  figure,  it  would  be  "just  stiff";  remove  any 
bar  and  it  would  become  a  mechanism ;  alter  slightly  the  length  of  any 
bar  or  the  position  of  any  support  and  the  figure  of  the  framework 
would  be  altered  slightly  without  further  consequences;  no  stress 
would  exist  in  the  members,  except  through  loads;  temperature 
changes,  whether  uniform  or  varying,  would  change  slightly  the  form 
of  the  framework  without  affectiug  it  otherwise;  the  stress  in  each 
member  due  to  any  load  would  be  calculable  easily  and  without  regard 
to  its  own  material  and  its  elastic  qualities  or  those  of  its  neighbors; 
each  member  could  be  designed  readily  and  exactly  under  any  given 
series  of  loadings  to  satisfy  almost  any  given  conditions,  for  the 
dimensioning  of  each  member  would  be  practically  independent  of 
that  of  all  others;  and,  finally,  all  displacements  of  the  joints  of  the 
framework  due  to  stresses  or  temperature  changes  would  be  just 
defined  through  the  corresponding  changes  of  the  lengths  of  the 
members,  and  would  be  easily  calculable. 

If  to  such  a  framework  we  were  to  add  further  bars,  the  joints 
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remaining  as  before,  so  that  m  -}-  r  >  3»,  the  framework  would  become 
overdetermined;  some  of  the  bars  could  be  removed,  and  the  frame- 
work would  still  be  stiff;  alter  slightly  the  length  of  any  of  these  bars 
or  the  position  of  a  support,  and  the  framework  would  be  put  under 
stress;  stress  without  loads  might,  therefore,  exist,  and  temperature 
changes  might  cause  very  considerable  stresses;  the  stresses  under 
given  loads  could  only  be  calculated  by  long  and  laborious  application 
of  the  equations  of  elasticity,  in  which  not  only  the  dimensions  of  each 
member  but  its  material  and  elastic  qualities  would  have  to  be  taken 
into  consideration;  the  stress  in  a  single  member  could  not  be  deter- 
mined independently  of  other  members;  the  design  of  a  given  member 
might  be  affected  greatly  by  the  design  of  many  other  members,  and  it 
would  be  very  difficult,  if  not  impossible,  to  satisfy  accurately  given 
conditions  under  a  series  of  loadings;  finally,  minute  changes  in  the 
lengths  of  some  of  the  bars,  or  slight  yielding  of  the  supports,  might 
change  materially  the  distribution  of  stress,  so  that  it  would  be  exceed- 
ingly difficult  in  practice  to  obtain  even  approximately  any  stress 
distribution  which  in  the  design  was  determined  upon,  and  to  main- 
tain such  stress  distribution  in  the  face  of  any  slight  yielding  of 
joints  and  supports  due  to  changing  loads,  climate  and  other  external, 
or,  perhaps,  also  internal,  causes. 

Such  are  the  structures  whose  exact  design  we  are  about  to  con- 
sider. In  the  foregoing  we  have  regarded  them  as  formed  by  the  addi- 
tion of  further  members  to  "just  determined"  frameworks,  although 
they  have  rarely  been  thus  conceived.  This  manner  of  regarding  them 
is  most  serviceable  in  connection  with  their  calculation,  but  the  course 
of  evolution  has  rather  been  the  derivation  of  "just  determined" 
forms  from  pre-existing  indeterminate  forms  through  the  dropping  of 
superabundant  (or  superfluous)  members. 

The  recital  of  the  more  obvious  characteristics  of  the  indeterminate 
frameworks,  just  made,  would  seem  alone  a  sufficient  condemnation  of 
their  use  in  jjractice,  and  further  facts,  developed  in  the  later  analysis, 
will  serve  to  confirm  definitely  this  view.  The  statical  analysis  of 
frameworks  with  superfluous  bars  shows  them  to  be  inferior  in 
economy  and  strength  while  not  superior  in  stiffness  to  the  best 
parallel  designs  without  superfluous  bars. 

The  objectionable  characteristics  of  indeterminate  structures  have 
long  been  known,  but  hitherto  have  been  regarded  as  offset  by  certain 
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supposed  virtues  of  economy  and  stiffness  which  have  been  ascribed 
to  them.  Yet  the  correction  of  these  mistaken  beliefs  through  analy- 
sis, which  is  the  object  of  this  paper,  will  destroy  the  prestige  of  inde- 
terminate structures  only  in  part.  They  have,  and  will  long  continue 
to  have,  the  support  of  many  able  engineers,  whose  experience,  having 
been  largely  with  such  structures,  prejudices  them  in  their  favor  and 
disables  them  from  appreciating  and  weighing  their  defects  clearly. 
Following  the  common  human  device  of  seeking  in  reason  justification 
for  beliefs  rather  than  through  reason  establishing  belief,  some  of  these 
engineers  will  make  much  of  what  analysis  has  not  yet  defined  and  will 
strive  to  make  of  the  unknown,  and,  for  the  present,  perhaps,  unknow- 
able, not  simply  a  defence,  but  a  justification  of  the  continuance  of  their 
beliefs.  We  shall  find  them  taking  to  ground  so  difficult  that  the 
theorist,  at  least  as  yet,  is  unable  to  follow  and  settle  the  matter  de- 
cisively, and  maintaining  that,  in  general,  the  problems  connected  with 
frameworks  are  not  static,  but  dynamic;  that  inferiority,  demonstrated 
for  static  loads,  no  longer  is  true  of  moving  loads;  and  that  the  intro- 
duction of  vibration  in  addition  to  static  deflections  wholly  alters  the 
case  and  leaves  indeterminate  structures,  after  all,  masters  of  the  field. 

But  it  must  be  remembered  that  these  will  only  be  claims,  not 
proofs.  They  can  only  be  supported  by  general  reasoning,  and  can 
be  effectively  answered  in  the  same  fashion.  Experience  has  not 
demonstrated  that  dynamic  defects  are  necessary  accompaniments  of 
static  determination,  and  all  not  proven  by  analysis  remains  disputable. 
Let  us  only  not  be  outfaced  by  displays  of  erudition  or  assertions  of 
authority,  and  we  will  speedily  perceive  that  in  appeals  to  uncon- 
sidered and  complex  phenomena  (the  writer  has  heard  brought  up  the 
speed  at  which  stress  travels  and  the  consequent  effect  of  the  time  of 
loading  on  stress  distribution),  we  have  only  to  do  with  appeals  to 
ignorance,  which  can  hardly  be  regarded  as  adding  strength  to  the 
arguments  of  those  who  make  them. 

The  writer  does  not  wish  by  the  preceding  to  belittle  the  import- 
ance of  dynamic  phenomena.  In  due  time  and  in  their  order  they 
should  be  and  doubtless  will  be  studied  and  given  proper  consider- 
ation. But  first  Ave  must  study  and  understand  the  static  phenomena 
which  are  at  their  foundation,  the  truths  of  which  they  will  not 
change  but  only  add  to. 

In  the  followiug  paper  no  attempt  is  made  to  treat  mathematically 
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other  than  the  static  side  of  the  question.  And  to  begin  with  we  may 
point  out  a  fact,  hitherto  almost  wholly  disregarded,  and  which  makes 
indeterminate  frameworks  worthy  of  the  name  far  more  than  does  the 
fact  that  they  are  statically  indeterminate. 

We  have  already  noted  that  in  indeterminate  frameworks  the  num- 
ber of  unknown  quantities  is  greater  than  the  number  of  equations  of 
condition  furnished  by  statics,  that  is  m  -\-  r  ^>  3n.  We  may  con- 
veniently regard  the  framework  as  possessing  as  many  superfluous 
bars  as  m  -+-  r  exceeds  Sn.  Let  the  bars  i  (i  =  h  to  m  inclusive)  be 
selected  as  the  superfluous  bars  ;  then  the  remaining  bars  e  (e  =  1  to  g 
inclusive)  form  with  the  supports  a  statically  determinate  framework. 
Let  Sf  be  the  stress  in  any  bar  e  of  this  statically  determined  frame- 
work if  this  framework  alone  carried  the  loading,  let  S'r,{i)  be  the  stress 
in  this  bar  e  which  a  tension  of  unity  in  one  of  the  superfluous  bars  i 
would  cause  in  e  if  there  were  no  external  load  and  if  of  the  superfluous 
bars  the  bar  i  alone  were  in  action,  and  let  Sh  be  the  actual  stress  in 
the  superfluous  bar  i  when  the  given  load  is  applied  to  the  actual 
framework  with  all  its  superfluous  bars  acting.  Then  the  actual 
stress  .*■>,  in  a  bar  e  is  evidently  given  by  the  formula: 

i—m 

Se  =  Se  +  2  SiSe'W 

0     i  =  h 

Now — and  here  is  the  commonly  neglected  consideration — as  far  as 
the  laws  of  statics  are  concerned,  only  the  S,,  and  the  Se' (i)  are  fixed 
and  determinate,  while  the  8t  may  be  anything  ;  they  are  truly  inde- 
terminate and  not,  as  commonly  stated,  fixed  by  certain  auxiliary 
equations  of  elasticity.  What  does  fix  them  in  a  structure  with  given 
elastic  constants  and  given  bar  sections  is,  under  given  conditions  of 
temperature,  the  precise  lengths  of  the  bars.  But,  as  a  matter  of 
fact,  in  any  existing  structure  these  lengths  of  bars  are  never  known 
with  anything  like  exactitude,  as  will  be  evident  when  one  considers 
that,  with  a  modulus  of  elasticity  of  30  000  000  lbs.  per  square  inch, 
a  bar  of  steel  10  ft.  long,  whose  length  is  not  known  within  a  thou- 
sandth of  a  foot,  would  not  have  its  intensity  of  stress  known  within 

10  v  1  onn  =  ^  ^^  ^1S"  Per  S(luare  inch,  or  within  about  a  third  of  its 
probable  working  stress.  Designers  and  computers  have  passed  over 
this  difficulty,  often,  if  not  generally,  unconsciously,  by  the  simple 
assumption,  unwarranted  by  any  corresponding  precautions  in  con- 
struction   or   knowledge   of    existing   structures,    that,    at   a   certain 
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temperature  and  with  a  certain  loading,  a  certain  state  of  stress  exists 
throughout  the  structure.  Usually,  this  takes  the  simple  form  of  the 
assumption  that  the  structure,  when  free  from  all  loading  and  uniformly 
at  the  mean  temperature,  is  free  from  all  stress.  Then  truly  the  equa- 
tions of  elasticity  define  the  stresses  under  all  other  conditions  of  load- 
ing and  temperature,  hut  it  is  this  far  from  warranted  assumption  and 
not  the  equations  of  elasticity  which  removes  the  indetermination. 

Since  the  stresses  in  the  superfluous  bars  are  not  fixed  by  equations 
of  elasticity,  but  by  their  lengths,  we  evidently  have  it  in  our  power — 
in  designing  at  least — to  give  these  bars  any  stresses  we  please  under 
a  given  loading  by  giving  them  suitable  lengths,  and  this  without  in 
any  way  altering  the  figure  of  the  framework  (because  the  changes  of 
length  of  the  superfluous  bars  required  in  all  practical  cases  would  be 
very  small),  and  without  altering  the  sections  of  the  bars,  that  is,  the 
design  as  it  is  ordinarily  defined.  If  these  superfluous  bars  be  k  in 
number  this  gives  us  a  &  tuple  degree  of  freedom  in  the  design  of  such 
a  framework,  and  the  same  degree  of  indetermination  in  the  computa- 
tion of  such  an  existing  framework.  Unlike  the  case  of  a  statically 
determined  framework  where  the  distribution  of  stresses  due  to  a 
given  loading  is  invariable,  that  distribution  may  here  be  varied  in  an 
infinity,  a  &tuPle  infinity,  of  ways.  In  designing,  we  may  select  any 
one  of  these  at  will,  then  design  the  cross-sections  to  suit,  and  finally 
compute  very  exactly  the  corresponding  lengths  of  the  bars.  It  will 
remain  to  construct  them  exactly  as  computed  to  realize  the  designed 
stress  distribution.  But  if  the  structure  be  an  existing  one  given  us  to 
compute,  who  can  say  which  one  of  this  infinity  of  possible  stress  dis- 
tributions is  that  actually  existing  under  given  conditions  ?  The 
problem  is  actually  indeterminate  and  in  increasing  degree  as  the 
number  k  of  superfluous  bars  is  greater. 

We  are  now  prepared  to  consider  the  subject  of  the  title,  "The 
Exact  Design  of  Indeterminate  Frameworks. "  But  first,  what  is  meant 
by  "  exact  "  design  ?  Any  one  familiar  with  the  design  of  indetermin- 
ate frameworks  is  aware  that,  unlike  the  design  of  determinate  frame- 
works (if  we  neglect  the  estimation  of  dead  weight),  the  process  is 
essentially  tentative  instead  of  direct.  That  is,  given  the  figure  of  the 
framework,  certain  bar  sections  are  assumed,  calculations  of  the 
stresses  corresponding  made  (on  the  assumption  of  no  stress  under  no 
load  at  mean  temperature),  the  divergences  from  the   desired  con- 
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ditions  as  to  intensity  of  stress  noted,  proper  corrections  of  the 
sections  guessed  at,  the  computations  all  repeated,  new  corrections 
guessed  at,  then  new  computations  made,  and  so  on,  repeating  again 
and  again  all  the  work  until  the  result  approaches  that  desired  suf- 
ficiently to  be  acceptable.  But  as  an  alteration  in  the  section  of  any 
one  bar  affects  the  stress  not  in  itself  alone,  but  in  many  other  bars 
also,  this  process  of  correction  is  not  simply  exceedingly  laborious, 
but,  as  every  designer  of  such  structures  knows,  very  uncertain;  and 
after  infinite  labor  the  result  obtained  is  usually  one,  the  deviations  of 
which  from  the  set  conditions  of  maximum  allowable  intensity  of 
stress  are  such  as  would  not  be  tolerated  by  any  good  engineer  in  a 
statically  determined  framework. 

By  "exact"  design  is  meant:  Expressing  in  equations  the  con- 
ditions as  to  intensity  of  stress  to  be  satisfied  by  the  solution  under 
the  given  loadings,  and  then  by  direct  solution  of  these  equations, 
without  any  tentative  process  (other  than  that  mathematically  neces- 
sary to  solve  the  equations),  obtaining  at  once  and  exactly  the  desired 
design,  e.  g.,  the  cross-sections  and  the  bar  lengths.  It  will  be  appre- 
ciated that  such  an  exact  method,  apart  from  any  question  of  practical 
advantage  over  the  old  tentative  method,  would  be  likely  to  throw  most 
instructive  light  on  the  properties  of  indeterminate  designs,  which  the 
old  method  could  only  feebly  give  through  statistics,  or  practically 
not  at  all;  and  the  object  in  bringing  forward  this  "  exact  "  method  is 
simply  to  throw  such  light;  for,  apart  from  the  fact  that  the  author 
reaches  through  this  method  the  conclusion  that  the  best  designs  of 
indeterminate  frameworks  are  necessarily  inferior  to  those  of  determin- 
ate frameworks  which  necessitate  no  such  methods,  the  illustrations  to 
follow  will,  among  other  things,  show  conclusively  that  the  mathe- 
matical difficulties  of  the  exact  method  render  its  application  imprac- 
ticable in  general. 

To  begin  with,  we  will  consider  the  simple  but  very  instructive  and 
important  case  of  design  for  a  single  given  loading,  subject  to  the  con- 
dition of  a  given  intensity  of  stress  in  each  bar  under  that  loading. 
This  case  will  be  somewhat  briefly  treated,  since,  in  an  earlier  article,* 
it  has  been  fully  considered  and  illustrated. 

As  pointed  out  previously,  an  infinite  variety  of  stress  distributions 
under  a  given  loading  are  all  equally  possible,  regardless  of  the  cross- 

*  Technology  Quarterly,  June,  1897.  "Some  Fundamental  Propositions  Relating  to 
the  Design  of  Frameworks."  Those  who  are  interested  in  the  subject  may  obtain  copies 
of  this  article  from  the  Secretary,  Am.  Soc.  C.  E. 
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sections  of  the  members.  Having  selected  at  will  any  one  of  these 
stress  distributions,  we  next  design  the  cross-sections  of  the  various 
members  to  carry  the  stresses  thus  assigned  them  with  the  assigned 
intensities  of  stress,  using  column  formulas  or  not  as  we  choose.  It 
only  remains  to  determine  the  lengths  of  the  bars  necessary  to  ensure 
the  supposed  stress  distribtition.     This  we  may  do  as  follows: 

In  the  given  figure  of  the  framework  the  exact  length  of  every  line 
is  geometrically  determinate  if  the  data  for  the  figure  are  sufficient, 
and  this  we  suppose.  Thus,  to  start  with,  we  have  what  may  be  called 
the  figure  length  L,  (where/  =  1  to  m)  of  every  one  of  the  m  bars. 
Now,  we  know  that,  supposing  the  points  of  support  fixed,  the  exact 
position  of  each  joint  is  geometrically  determined  by  the  exact  lengths 
from  center  to  center  of  joints  of  the  series  of  bars  e  (e  =  1  to  g),  which 
together  form  a  statically  determined  framework  with  the  same  joints 
(see  page  573).  The  lengths  of  the  bars  i  (i  =  h  to  m),  which  we  have 
termed  the  superfluous  bars,  are  therefore  geometrically  deducible 
from  the  lengths  of  the  bars  p.  Let  us  assume  the  actual  unstrained 
lengths  from  center  to  center  of  joints  of  the  bars  e,  at  standard  tem- 
perature (lengths  which  we  may  in  general  denote  by  /),  to  be  the 
figure  lengths,  or  that  /  =  Lr.  On  this  basis  we  now  have  to  determine 
the  actual  unstrained  lengths  /,  from  center  to  center  of  joints,  at  the 
given  standard  temperature,  of  the  superfluous  bars  ;',  so  that,  under 
the  given  loading,  each  bar  shall  have  the  stress  we  have  already 
determined  for  it. 

These  lengths  /-  will  not  in  general  be  the  same  as  the  figure  lengths 
L  .  which  we  may  regard  as  exactly  defined  through  the  L,  and  there- 
fore known.  For,  under  the  given  loading  the  bars  e  are  subject  to 
the  stresses  Se  and,  therefore,  no  longer  have  the  lengths  le  =L,,  but 

have  the  strained  lengths  L^  -f-      *  '    where  E,  and  J...  are  the  niodu- 

lus  of  elasticity  and  the  section  area,  respectively,  of  the  bar  e.  And 
the  distances  from  center  to  center  of  the  joints  connected  by  the 
superfluous  bars  ;',  that  is  the  strained  lengths  of  the  superfluous  bars 
i,  are  at  the  distances  defined  by  and  resulting  from  these  strained 

lengths  Lr  -f     '  '  .     If   we  determine   these   strained  lengths  of  the 

superfluous  bars  and  then  design  their  actual  lengths  I,  so  that  the 
strained  lengths  shall  correspond  to  their  supposed  stresses  Se  that 

j,  SO  that  the  strained  lengths  shall  be  I.  +  -ft—',-  then  we  shall  evi- 

h,,  A, 


Papers.]  CILLEY    ON    INDETERMINATE   FRAMEWORKS.  577 

dently  have  so  made  our  design  as  to  secure  our  supposed  distribution 
of  stress.     These  strained  lengths  of   the  bars  i   might   be   directly 

determined    by    ordinary    geometrical    principles   from    the   strained 

S  I 
lengths  L  -) —  '  e.    of  the  bars  e,  but,  since  we  have  all  the  figure 
K  A, 

lengths  L,  and  we  may  suppose  the  changes  from  these  to  be  very 
small,  it  is  preferable  to  proceed  as  follows,  making  use  of  the  princi- 
ple of  virtual  work.  Let  the  bars  e  suffer  any  small  elongations  J , 
from  any  causes  whatsoever,  then  the  consequent  approach  of  any  pair 
of  joints  not  connected  by  a  bar  e  will  evidently  be  the  same  as  the 
work  that  would  be  done  by  two  equal  and  opposite  forces  of  unity, 
each  acting  at  those  joints  toward  each  other,  through  this  approach, 
and  this  external  work  of  the  pair  of  forces  unity  would  in  turn  be 
equal  to  the  internal  work  the  stresses  balancing  them  in  the  bars  e 
would  do  through  the  elongations  Jf  of  the  bars  e.  Now,  these  stresses 
in  the  bars  e,  balancing  such  a  pair  of  equal  and  opposite  forces  of 
unity  between  the  joints  to  be  connected  by  the  superfluous  bar  i,  we 
readily  see  are  the  quantities  S'e('">,  already  noted  on  page  573,  so  that 
the  approach  of  the  joints  to  be  connected  by  the  bar  i,  due  to  the 
elongations  J,  of  the  bars  e  we  at  once  see  would  be 

c  =  l 

In  our  case,  the  J,   we  suppose  to  be  the  elongations  due  to  the 

S  I 
stresses  S„  that  is.  we  have  J,,  =  -^-!  ,  whence  follows: 

E,  A 

e  =  g  S'  W  S  I 

A    —  ^        e  e   e 

e=1      EeAe 
But  Li  —  Si  is  the  strained  length  of  the  superfluous  bar  i  which  is  also, 

as  we  have  noted,  /,  -f-   L,'   '  .  so  that  we  find  for  our  desired  unstrained 

A-  A, 
length  of  the  superfluous  bar  i  the  value 


1-M.T.3K4*!*) 


f=x      Ej  A 
(where  we  must  note  that  the  £"r  (/)  are  all  zero  for  all  values  of/  from 
//to  m  except  /.  when  6",("  =  -f-  1). 

*  For  a  much  fuller  account  of  the  principle  here  used  and  its  applications,  see  the 
article  "On  the  application  of  the  Principle  of  Virtual  Velocities  to  the  Determination 
of  the  Deflections  and  Stresses  of  Frames."  bv  Professor  George  F.  Swain,  in  the  Journal 
of  the  Franklin  Institute.  April.  1883.  Thos'e  who  are  interested  in  the  subject  may 
obtain  copies  of  this  article  from  the  Secretary.  Am.  Soc.  C.  E. 
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The  foregoing  neglects  any  temperature  changes,  but  were  there 
such  they  would  be  accounted  for  by  putting  Jf  =  *  s.  -f  rf  tr  h  > 
where  r  is  the  coefficient  of  exjjansion  and  /  the  increase  in  temperature 
above  the  standard  used. 

This  determination  of  the  exact  values  of  the  bar  lengths,  which 
ensures  the  supposed  stress  distribution  under  the  given  loading, 
completes  the  design,  but  there  still  remains  a  matter  of  interest  for 
consideration,  the  "primary  "  stresses  or  stresses  remaining  in  the  bars 
after  the  loading  is  removed.  That  such  primary  stresses  will  in  gen- 
eral exist  is  evident  from  the  fact  that  the  superfluous  bars  have  lengths 
I,  differing  more  or  less  from  the  figure  lengths  Lu  which  would  corre- 
spond to  a  condition  of  no  stress  at  standard  temperature  with  no 
load.  Let  us  denote  the  primary  stresses  by  (S) ;  then,  reasoning  as 
before,  the  primary  stresses  (Se)  in  the  bars  e  determine  the  distance 
between  joint  centers  of  any  one  of  the  superfluous  bars  i  to  be 

ei=i       EeAe 
But  this  is  the  length  of  the  bar  i  under  its  primary  stress,  or  the  length 

/  0\     7 

/.  -f-  -   '     ' ;  whence  we  obtain  the  equation 
'        Jin  A.j 

/,.  +  i^K  =  L.  _  eS*  ay>(5.)  /,. 

Ei  A  i  e  =  i       Ee  Ae 

which,  adopting  the  previous  notation,  we  can  express  in  the  form 

Now,  for  each  of  the  k  superfluous  bars  i  we  can  write  out  such  an 
equation,  each  of  which  contains  the  primary  stresses  (S)  as  the  only 
unknowns,  and  they  appear  only  in  the  first  degree.  But  the  primary 
stresses  (Sf,)  in  the  bars  e  we  know  are  expressible  in  terms  of  the  primary 
stresses  (S()  in  the  superfluous   bars    i  through    the   linear  equation 

i  =  m 

(Se)  =   2   (Si)  Se'®  (see  page  573),  so  that,  making  these  substitutions 

i  =  h 

in  the  k  preceding  equations,  they  become  simply  k  linear  equations 
between  the  k  unknown  primary  superfluous  bar  stresses  (Sf).  These 
equations  solved,  from  the  now  known  (St)  we  determine  the  (Se),  and 
so  all  the  primary  stresses.  We  have  only  to  note  that  the  primary 
stresses  thus  found  must  be  less  than  those  occurring  under  the  given 
loading,  for  the  design  to  be  acceptable. 
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So  much  for  the  design;  now  consider  certain  consequences.     Sup- 

S 
pose  the  section  areas  were  designed   by  the  simple   rule  A  =  — 

where  6  was  the  working  stress  allowed.  Then  A  being  simply  pro- 
portional to  the  stress  S,  each  section  area,  and,  therefore,  the  volume 
of  material  of  each  bar,  would  be  simply  proportional  to  its  stress  under 
the  given  load,  and  the  total  volume  would  be  expressed  simply  by 

/=i  °r 
But  the  stresses  S,  in  the  bars  e  are  expressible  in  terms  of  the  stresses 

Se  ,  (which  would  occur  in  them  under  the  given  loading  if  there  were 

no  superfluous  bars),  and  of  the  arbitrarily  variable  superfluous  bar 

i=  m 

stresses  Sl}  through  the  linear  equation  Se  =  Se   -{-  2  St  Se'W    (see  page 

■i  =  h 

573),  so  that  ultimately  the  volume  is  expressible  in  the  form 

i  =  m 
i  =  h 

where  c,  and  G  are  constants.  Now,  were  c,  and  C  always  the  same, 
whatever  the  St  might  be,  V  would  take  all  values  from  +  oo  to  —  <x> 
by  suitably  varying  the  St.     But,  actually,  we  are  limited  by  the  condi- 

a 

tion  that  — £-  must  always  remain  positive,  so  that,  if  by  any  varia- 

6f 

tion  of  the  St  the  stress  in  any  bar  becomes  zero  and  changes  to  stress 
of  the  opposite  kind,  its  working  stress  6  at  the  same  instant  is 
changed  in  kind,  which  not  only  involves  a  change  in  the  sign  of  6, 
but  also  a  change  in  its  value  if  different  working  stresses  in  tension 
and  compression  be  used.  Thus,  V  is  expressed  by  a  discontinuous 
linear  function  of  the  k  independent  variables  St,  the  discontinuity  of 
which  occurs  only  when  some  bar  stress  becomes  zero.  Such  a  func- 
tion has  a  minimum  only  at  a  point  of  complete  discontinuity,  that 
is,  where  the  variation  of  the  arbitrary  stresses  *S;  causes  k  bars  to 
pass  simultaneously  through  zero  stress,  whence  the  conclusion: 

The  least  material  is  required  in  a  framework  of  given  figure  to 
resist  a  given  loading  with  prescribed  intensities  of  stress  in  its  mem- 
bers, for  some  distribution  of  stress  which  makes  zero  the  stress  in  as 
many  bars  as  are  superfluous. 

That  is : 

A  statically  determined  framework  of  included  figure  is  the  most 
economic  form  of  a  framework  of  given  indeterminate  figure  for  the 
support  of  a  given  loading. 
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A  simple  and  much  more  objective  proof  of  this  same  fact,  on  the 
same  basis,  due  to  Professor  George  F.  Swain,  will  be  found  in  the 
article  in  the  Technology  Quarterly,  before  mentioned.  But,  it  may  be 
objected  that  both  these  proofs  are  based  on  the  simple  rule  of  design 

a 

A  =  — ,  whereas   posts    are   usually  designed   by    more  complicated 
6 

formulas.     Now,  it  can  easily  be  shown  that  the  change  in  volume  of  a 

given  framework  due  to  a  slight  change  d  St  in  the  stress  in  one  of  the 

superfluous  bars  i  of  the  framework,  independently  of  all  others,  is 

exjiressed  by 

f=m   spit)  i 
dV=dS:    2        /,/\ 

V=i  <P'f  (Af) 

where  Sr  =  cpf  (Af)  expresses  the  relation  between  the  section  area  of  a 
bar  and  its  stress  and  <p'  is  the  rate  of  change  of  0.  Now,  providing 
that  (p'f  (Ay)  in  no  case  diminishes  numerically  as  A  increases,  that  is, 
providing  that  a  post  never  gains  less  in  strength  for  a  given  increase 
in  its  area  as  the  area  increases,  d  V  will  not  change  its  sign  from 
negative  to  positive  during  continuous  variation,  and  therefore  chang- 
ing St  so  as  to  make  d  V negative,  that  is,  so  as  to  diminish  the  total 
volume  of  material  employed,  will  continue  to  diminish  that  volume 
until  a  point  of  discontinuity  is  attained  where  some  bar's  section  is 
reduced  to  zero.  As  before,  we  reach  the  conclusion  that  as  many  bars 
as  are  superfluous  must  have  their  sections  reduced  to  zero  for  most 
economic  proportions.  But  the  condition  as  to  post  formula  on  which 
this  conclusion  is  founded  is  true  of  all  formulas  of  the  Gordon- 
Bankine  type,  those  almost  universal  in  practice;  therefore,  the  con- 
clusion as  to  the  superior  economy  of  an  included  statically  determined 
design  holds,  under  the  present  standard  rules  of  design. 

We  may  note  a  further  consequence,  relating  to  stiffness.  Any 
change  in  the  positions  of  the  joints,  therefore  the  deflection  of  any 
framework,  is  completely  defined  by  the  strains  of  the  bars  left  after 
excluding  in  any  way  as  many  bars  as  are  superfluous  (see  page  576). 
That  is,  the  deflection  of  any  indeterminate  framework  from  a  state  of 
no  stress  under  no  load  (the  common  supposition),  to  its  actual  state 
of  stress  under  a  given  load,  is  precisely  the  same  as  that  of  any  of  the 
determined  frameworks  of  included  figure,  which  we  may  design  to 
carry  the  same  loading  with  the  same  intensities  of  stress  in  the  corre- 
sponding bars.     But  at  least  one  of  these  latter  frameworks  would 
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carry  this  load  with  less  material  in  its  bars  (see  page  579),  and  there- 
fore be  stiffer  constrnction,  since,  with  the  same  amount  of  material  in 
its  bars,  its  deflections  would  be  smaller. 

Thus  we  see  that  a  given  loading  can  always  be  carried,  with  pre- 
cisely the  same  deflections,  with  the  same  intensities  of  stress  and  with 
less  material  in  the  bars,  by  a  statically  determined  framework  the 
figure  of  which  is  included  in  that  of  the  given  indeterminate  frame- 
work, than  by  the  given  framework,  which  may  be  any  whatever. 
These  same  considerations,  by  simple  modification,  yield  the  same 
result  as  applied  to  the  cost  of  the  material  where  different  materials 
are  used,  as  steel  cable  for  tension  members  and  rolled  metal  for  com- 
pression members. 

What  of  the  bearing  of  these  facts?  While  it  is  true  that  they 
hold  strictly  only  for  the  case  of  a  single  loading,  their  weight  for  all 
cases  is  very  considerable. 

"  Frequently,  perhaps  usually  in  practice,  some  one  loading  or  com- 
bination of  loadings  determines  the  dimensions  of  almost  all  the  prin- 
cipal members  of  the  framework,  the  members  not  thus  determined 
affecting  the  total  quantity  of  material  employed  but  slightly.  This  is 
particularly  the  case  for  large  structures  in  which  dead  weight  plays  a 
leading  part,  and  where  the  total  quantity  of  material  employed  is  so 
large  that  economy  in  this  direction  is  particularly  desirable.  In  such 
cases  one  loading  virtually  rules  the  economic  design,  and  our  fore- 
going results  hold  approximately  true.  The  consideration  of  the  effects 
of  changes  in  loading  in  these  cases,  although  of  great  importance  as  far 
as  the  strength  of  the  structure  goes,  is  of  wholly  secondary  significance 
from  our  economic  point  of  view." 

With  this  quotation  from  the  article  in  the  Technology  Quarterly, 
where  all  the  foregoing  will  be  found  more  fully  explained  as  well  as 
illustrated,  we  will  turn  to  the  more  general  and  new  part  of  the  sub- 
ject, the  exact  design  of  indeterminate  frameworks  subject  to  several 
different  loadings.* 

Perhaps  the  most  readily  comprehensible  derivation  and  most  simple 

form  of  the  equations  whose  solution  furnishes  an  exact  design  of  any 

indeterminate  framework  of  given  figure  subject  to  any  given  series  of 

loadings  and  under  any  given  conditions  of  design,  is  the  following  : 

As  we  have  already  noted  on  page  577,  if,  under  any  loading,  1,  the 

*  The  author  here  desires  to  state  his  indebtedness  to  Professor  George  F.  Swain  for 
the  suggestion  of  the  possibility  of  such  exact  design,  and,  further,  to  acknowledge 
many  other  valuable  suggestions,  as  well  as  a  critical  review  of  the  present  article,  by 
Professor  Swain,  under  whom  the  author  first  studied  structures  and  learned  to  appre- 
ciate the  superiority  of  statically  determined  construction. 


582  CILLET   ON   INDETERMINATE   FRAMEWORKS.  [Papers. 

stresses  in  the  members  be  denoted  by  Sf  then  the  unstrained  length 
of  any  superfluous  bar  i  is  shorter  than  the  length  of  its  line  in  the 
gives  figure  of  the  framework  by 

/—A    S'/Uf 


f  =  j      ErAf 

And  if  under  any  other  loading,  2,  the  stresses  in  the  same  framework 
are  Sr    then  the  same  quantity  is  given  by 

f  =  m  Sf    S'/tolj. 
/  =  i       Ef  -Aj 

But  since  the  amount  by  which  the  unstrained  length  of  any  super- 
fluous bar  is  shorter  than  the  length  of  its  line  in  the  given  figure  of 
the  framework  is  uot,  by  supposition,  subject  to  change,  through 
change  of  loadings  (or  rather,  of  the  stresses  existing  under  them),  we 
will  have,  for  each  superfluous  bar  i,  an  equation  of  the  form 


EfAr  f=1       E,Af 


/=1         ^f-n-J  /=1 


or,  in  briefer  form, 


2  Lh ■ 2     ■'    ■'  =  0 

z=i         ErAf 


Now,  whatever  our  rules  of  design  may  be,  the  section  areas  Af  will 
be  definite  functions,  of  some  sort,  of  the  stresses  Sf  ;  and  the  stresses 
Sf  are  in  turn  linear  functions  of  the  stresses  SL  in  the  superfluous 
bars  through  the  equations 

'  ~  m  i  =  m 

Sr    =S,-    +2  S-,   S>jfi      Sf  =Sf     +    2    S,     S'fw,  etc., 
"i        '=*    i  '"■•        ,  =  /,       2 

where    the    S,-      are    the  stresses   that    load    1    would  cause  in  the 

statically  determined  framework  composed  of  bars  1  to  g  and  the 
Sf  are  the  corresponding  stresses  which  load  2  would  cause  in  that 
framework.  Thus  the  equations  shown  are  implicit  equations  of 
necessary  relations  between  the  stresses  Si     Sj    etc. ,  in  the  superfluous 

Inns  i  under  the  various  loadings  1,  2,  etc.  For  each  superfluous  bar  i 
and  for  each  pair  of  loadings  there  is  one  such  equation,  that  is,  if  there 
be   N  different  loadings,   for  each  bar  i  there  will  be   _ZV —  1  such 
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independent  equations,*  and  if  there  be  k  superfluous  bars  in  all,  this 
will  give  a  total  of  k  (  JV — 1)  such  independent  equations  between  the 
superfluous  bar  stresses  St  ,  Sj .,,  etc.  But  of  these  latter  there  are  JV  for 
each  bar  i,  that  is,  the  stress  in  the  bar  i  under  each  one  of  the  JV different 
loadings,  and  therefore  in  all  there  are  k  Noi  the  superfluous  bar  stresses 
Si}  Sl2,  etc.,  between  which  the  above  k  (N —  1)  necessary  relations 
subsist.  It  follows  that  the  values  of  the  S:  (and  therefore  the  design 
itself],  possess  a  k tuPle  degree  of  indetermination,  that  is,  in  general, 
k  of  the  S(  may  be  arbitrarily  assumed,  or  the  stress  in  each  superfluous 
bar  under  one  loading  may  be  arbitrarily  taken,  or,  more  generally, 
any  k  further  consistent  relations  between  the  stresses  SL  may  arbi- 
trarily be  set,  and  then  a  solution  rigorously  satisfying  the  given  con- 
ditions of  design  as  expressed  through  the  primary  equations,  directly 
obtained.  For,  the  solution  of  the  equations  under  these  circumstances 
furnishes  us  the  stresses  St  in  the  superfluous  bars  under  all  the  given 
loadings,  thence  at  once  all  the  stresses  under  the  given  loadings, 
thence  through  the  prescribed  conditions  of  design  all  the  section 
areas,  and  finally  thence,  as  previously  explained,  the  precise  un- 
strained lengths  of  the  superfluous  bars.  But  here  a  criticism  is  neces- 
sary. The  complete  mathematical  solution  of  such  a  set  of  equations 
will,  in  general,  consist  of  a  considerable  number  of  separate  solutions, 
not  all  of  which  may  be  real,  aud  of  the  real  solutions,  some  or  all 
of  which  may  be  inconsistent  with  conditions  of  design  not  expressible 
in  the  equations.  These  will  generally  be  conditions  of  inequality  such 
as  that  in  the  design  thus  obtained  the  most  unfavorable  demands 
shall  be  those  supposed  most  unfavorable  in  drawing  up  the  equations, 
and  therefore  the  basis  of  those  equations.  For  example,  the  rule  of 
design  being  that  each  bar  under  its  most  unfavorable  loading  shall 
have  stress  of  a  prescribed  intensity,  in  drawing  up  the  equations,  the 
most  unfavorable  loading  for  each  bar  must,  in  advance,  be  judged, 
the  equations  drawn  up  accordingly,  and  then  the  solutions  thus 
obtained,  which  are  real  (and  which  will  necessarily  satisfy  the  condi- 
tion that  under  the  selected  loading  for  each  bar  it  has  the  prescribed 
intensity  of  stress),  must  further  be  tested  as  to  their  satisfying  the 
suppositions  as  to  most  unfavorable  loadings  under  which  the  equa- 

*  If  two  ext  remes  of  temperature  were  also  to  be  considered,  the  effect  would  be 
to  double  the  number  of  loadings.     Temperature  may  be  taken  into  consideration  by 

putting  -     -f     A-Tftf  for  -_,      ,    where  rf  is  the  coefficient  of  expansion. 

Ef  Af       J    J  Ef  A  f  J 
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tions  were  drawn  up.  Frequently,  none  of  the  real  mathematical  solu- 
tions, where  these  exist,  will  satisfy  these  conditions,  and  thus 
limitations  arise  as  to  the  arbitrary  setting  of  stresses  in  the  super- 
fluous bars,  or  more  generally,  the  arbitrary  setting  of  /,•  additional 
relations  between  these  stresses.  Nevertheless,  a  &tuPle  infinity  of 
designs  of  an  indeterminate  framework  of  given  figure,  under  given 
loadings  and  subject  to  given  conditions  of  design,  is  in  general 
possible.  It  remains  for  us  first  to  note  some  of  the  consequences,  and 
second,  to  illustrate  them  by  simple  examples. 

One  will  be  most  impressed,  perhaps,  by  the  fact  of  the  possible 
multiplicity  of  exact  and  admissible  designs  of  frameworks  of  given 
figure  subject  to  given  loadings.  Clearly,  any  one  of  these  designs 
will  not  necessarily  be  a  good  design,  and,  therefore,  the  fact  that  a 
design  for  an  indeterminate  framework  of  given  figure  subject  to 
given  loadings,  rigorously  fulfills  the  prescribed  conditions  of 
design  is  no  indication  whatsoever  that  the  design  in  question  is 
to  be  approved.  Some  such  designs  will  be  far  more  economic  than 
others,  that  is,  will  require  far  less  material ;  some  such  designs  will 
be  far  stiffer  than  others,  or  will  have  other  points  of  superiority. 
Our  end  is  not  simply  to  obtain  any  such  design,  but  the  best  of  such 
designs. 

But  what  is  the  best  such  design?  Suppose  we  say  that  design 
which  is  most  economic  of  material  is  the  best.  The  material  in  the 
bars  is  expressed  by 


f=m 

2  A,  l, 


fj 


which  is  a  function,  through  the  prescribed  conditions  of  design,  of 
the  bar  stresses  Sp  that  is,  finally,  of  the  superfluous  bar  stresses  &;. 
We  may  determine  mathematically  the  necessary  relations  for  this  to 
be  a  minimum,  make  these  the  additional  arbitrary  relations  and  thus 
obtain  the  most  economic  solutions.  The  most  economic  of  these 
economic  designs  will  be  that  sought.  Theoretically  the  way  is  clear. 
And  what  will  be  the  nature  of  this  most  economic  design?  No  longer, 
as  in  the  case  of  design  under  a  single  loading,  will  it  necessarily  be 
some  statically  determined  framework  of  included  figure.  The  fact 
that  the  volume  of  material  no  longer  is  expressible  on  any  basis  of 
design    as  a  linear   function    of  independent  variables  would  alone 
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suggest  this,  and  illustrations  may  easily  be  found  -which  conclus- 
ively prove  it.  But,  as  will  later  be  shown,  this  possible  superiority 
of  an  indeterminate  design,  which  will  only  occur  when  a  structure  is 
subject  to  very  diverse  principal  loadings,  and  not  at  all,  or  in  but 
small  degree,  to  large  structures,  the  dead  weight  of  which  is  prom- 
inent, is  never  likely  to  be  considerable,  and  only  exists  at  all  through 
the  neglect  of  temperature  stresses  to  which  the  indeterminate 
structure  is  subject  where  the  determinate  structure  is  not,  and  the 
further  neglect  of  all  consequences  of  dimensioning  and  work  in 
erection  of  other  than  the  most  extreme  accuracy,  the  neglect  of  any 
lack  of  absolute  resistance  of  all  supports,  and  the  neglect  of  any 
yielding  at  the  joints  and  set  or  other  yielding  under  operation;  all  of 
which  must  in  practice  exist,  and  considerably  affect  the  indeter- 
minate construction  where  they  inappreciably  affect  the  determinate. 
Finally,  simply  as  an  interesting  although  perhaps  not  practically 
important  fact,  it  may  be  observed  that  by  a  combination  of  statically 
determined  designs,  of  figures  included  within  that  of  a  given  indeter- 
minate framework,  or  what  the  author  calls  a  multiple  design,  a  series 
of  different  loadings  can  always  be  carried  more  economically  with 
determinate  stresses  than  by  even  the  most  economic  of  single  inde- 
terminate designs  of  the  given  figure,  so  that  the  conclusion  is  abso- 
lutely warranted  that : 

"  Statical  indetermination  in  a  structure  is  always  to  be  regarded 
as  self-interference  with  efficiency. " 

Turning  to  the  question  of  stiffness,  but  little  can  be  added  to 
what  has  already  been  said.  Indeterminate  designs  subject  to  several 
loadings  will  in  general  have  deflections  of  a  different  character  from 
those  of  any  one  of  the  determinate  designs  of  included  figure.  It  is, 
therefore,  impossible  to  set  any  basis  of  comparison  that  would  not  at 
once  be  subject  to  much  criticism.  The  writer  will  merely  observe  that 
the  comparisons  between  such  structures,  with  which  he  is  familiar, 
have  usually  been  made  on  most  unfair  bases,  and  some  too  generally 
accepted  conclusions,  notably  on  the  comparative  stiffness  of  three- 
hinged  and  two-hinged  or  hingeless  arches,  are  not  justifiable.  The 
writer's  own  very  limited  but  fairly  equable  comparisons  show  clearly 
that  no  very  marked  superiority  can  be  attributed  to  either  type  in 
this  respect,  and  that  points  of  superiority  in  one  are  offset  by  other 
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points  of  superiority  in  the  other,  so  that  nothing  but  a  debatable 
conclusion  in  any  case  is  possible.  Some  later  illustrations  will  make 
this  clear.  And  in  fairness  it  must  be  conceded  that  the  fact  that  in 
certain  cases,  in  the  attempt  to  secure  static  determination  through 
the  use  of  certain  devices,  play  has  been  introduced  most  objection- 
able in  connection  with  loads  moving  at  high  speed,  only  shows  the 
defective  character  of  the  devices  used,  and  in  no  wise  attains  the 
principle  the  application  of  which  does  not  necessarily  involve  the 
use  of  these  devices. 

Lastly,  what  of  the  superior  safety  of  frameworks  with  superfluous 
l>ars?  Since  there  are  superfluous  bars  there  are  bars  the  rupture  of 
which  does  not  necessarily  involve  the  failure  of  the  framework,  and 
this  is  certainly  an  element  of  safety;  but,  generally,  not  every  bar 
may  be  regarded  as  a  superfluous  bar,  so  that  in  an  indeterminate 
framework  the  rapture  of  some  bars  would  not  less  necessarily  involve 
the  failure  of  the  structure  than  in  the  case  of  a  determinate  frame- 
work. Finally,  even  of  the  bars  the  omission  of  which  would  leave 
the  remaining  portion  statically  determined,  and,  therefore,  which, 
from  this  point  of  view,  are  not  essential,  some,  perhaps  many,  will 
be  of  such  actual  importance  in  the  structure  that  their  removal 
would  result  in  serious  overstrain  of  some  of  the  remaining  bars,  and 
thereby  failure;  while  of  those  still  remaining  the  sudden  rupture 
of  some  and  the  accompanying  shock  would  be  fatal  to  the  structure. 
The  superior  safety  due  to  the  use  of  superfluous  bars  is  evidently 
very  limited;  and,  when  we  note  that  the  statically  determined 
structures  require  less  material  to  satisfy  the  same  conditions  of 
design,  it  becomes  questionable  whether  for  equal  amounts  of 
material  the  determinate  design,  which  would  then  have  lower  unit 
stress  than  the  indeterminate  design,  would  not,  therefore,  be  at  least 
as  safe. 

Turning  from  these  general  considerations  let  us  examine  a  little 
more  closely  the  equations  through  the  solution  of  which  exact 
designs  are  to  be  obtained.  The  implicit  and  symbolic  form  in  which 
we  have  stated  them  gives  them  a  most  deceptive  appearance  of 
simplicity  which  is  very  far  from  corresponding  with  facts.  In 
explicit  form  we  should  find  each  equation  to  consist  of  a  series  of 
terms  in  the  form  of  fractions,  each  fraction  having  for  numerator  a 
linear  function  of  the  variables  St,  but  for  denominator  a  linear  or 
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higher  degree  function  of  the  variables,  according  to  the  complexity 
of  the  rules  of  design  used,  and,  very  likely,  it  would  not  be  a  whole 
integral  function.  The  simplest  possible  rule  of  design,  making 
the  section  areas  simply  proportional  to  the  greatest  stress  borne — 
which  is  the  common  rule  for  tension  members — makes  the  denomi- 
nator linear  in  terms  of  the  variables  S;.  But  the  introduction  of  post 
formulas  of  the  Gordon-Rankine  type,  now  generally  used,  at  once 
would  introduce  fractional  functions  of  the  variable  into  the  denom- 
inator. Now,  these  equations  in  fractions  have  a  most  delusive  appear - 
ance  of  simplicity.  Only  when  vve  have  accomplished  their  reduction 
to  whole  integral  equations,  a  very  considerable  although  theoretically 
simple  undertaking  in  itself,  are  we  able  to  form  some  conception  of 
what  is  involved  in  obtaining  a  solution.  Then  we  discover  that  we 
have  a  series  of  simultaneous  equations  of  higher  degree  than  the  first 
between  numerous  unknowns.  The  indetermination  having  been 
removed  by  the  introduction  of  suitable  arbitrary  relations,  by  per- 
fectly well-known  methods  of  elimination,  these  equations  are  event- 
ually reducible  to  a  single  equation  with  one  unknown,  the  solution  of 
which  then  by  numerical  methods  (for,  of  course,  we  are  dealing 
with  equations  with  known  numerical  coefficients),  offers  no  theoretic 
difficulty;  but  practically  in  any  actual  case  the  work  involved  would 
be  appalling.  And  then  the  solutions  obtained  may  prove  worthless, 
as  they  may  not  be  consistent  with  the  suppositions  on  which  the 
equations  were  drawn  up.  The  number  of  such  possible  suppositions 
will  generally  be  very  considerable,  and  it  may  well  happen  that  many 
trials  will  be  necessary  before  admissible  solutions  will  be  found,  thus 
multiplying  the  labor  many  times;  and,  if  we  wished  to  be  complete 
in  our  mathematical  solution,  all  the  possible  suppositions  should  be 
examined,  making  an  undertaking  from  which  even  the  bravest  cal- 
culator might  well  recoil. 

In  order  to  give  a  conception,  even  though  faint,  of  the  appearance 
of  one  of  the  primary  equations  when  written  explicitly,  but  simply 
and  in  fractional  form,  such  an  equation  for  the  bar  i,  when  there  are 
only  the  two  different  loadings  1  and  2,  and  when  the  basis  of  design  is 

simply  A  =  — ,  is  given,  as  follows: 

6 
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Here,  it  is  supposed  that  bars  b,  (b  =  1  to  c) ,  and  the  particular  super- 
fluous bar  i  for  which  the  equation  is  written,  have  their  greatest 
stresses  under  the  loading  1,  while  the  bars  e,  (e  =  d  to  g),  have  their 
greatest  stresses  under  loading  2.  This  equation  is  still  in  abbre- 
viated and  symbolic  form,  being  only  written  in  part  and  shortened 
by  the  use  of  the  symbol  2.  Kemember  that  for  each  remaining  of  the 
It  superfluous  bars  there  is  a  similar  equation.  These  equations 
cleared  of  fractions  would  each  be  of  the  (m  —  k  -j-  1)  degree  in  the 
Si}  that  is,  of  degree  one  higher  than  the  number  of  bars  in  the  frame- 
work not  superfluous.  Had  there  been  If  different  loadings  instead 
of  but  two  there  would  have  been  not  simply  k  such  equations  but 
k  {If —  1)  such  equations,  as  previously  pointed  out.  But  this  is  not 
all.  These  equations  were  drawn  up  on  the  supposition  that  certain 
bars  had  their  greatest  stresses  under  loading  1,  the  others  their 
greatest  stresses  under  loading  2.  We  may  or  may  not  find  solutions 
consistent  with  this,  and,  in  any  case,  to  be  complete  we  should 
investigate  all  other  possible  cases  which  are  2™  in  number,  that  is, 
we  should  investigate,  perhaps  solve,  2™  such  sets  of  k  equations. 
But  had  we  If  loadings  instead  of  only  two,  this  number  of  possible 
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cases  for  investigation  would  have  been  further  and  greatly  increased. 
So  it  will  be  seen  that  a  complete,  exact,  mathematical  solution,  even 
on  the  simplest  possible  conditions  of  design,  involves  great  labor, 
very  rapidly  increasing  as  the  number  of  bars  in  the  framework 
increases.  The  justness  of  the  statement,  made  earlier,  that  the 
exact  method  was  not  to  be  thought  of  for  use  in  practical  designing, 
will  now  be  perceived,  and  it  is  thought  that  the  illustrations  following 
will  amply  confirm  this.  But  since  exact  methods  are  not  applicable 
in  practice,  and  the  tentative  methods  of  the  past  will  continue  to  be 
used,  and  at  best  can  never  give  better  than  most  imperfect  results, 
the  impossibility  of  benefiting  through  the  use  of  indeterminate 
designs,  of  even  their  theoretically  possible  advantages,  will  be  clear ; 
a  final  and  fatal  fact  for  the  adherents  to  such  construction.  If  ever 
an  ideal  has  been  completely  vindicated  by  increased  knowledge  it  is 
certainly  that  of  the  statically  determined  construction  of  frameworks. 

illustrations  of  design  of  indeterminate  frameworks  under 
Multiple  Loadings. 


ftUWjfiWiW/M'A'»/M''>MfiiMtt 


Let  it  be  required  to  design  a  frame- 
work of  the  form  and  dimensions  shown 
in    Fig.    A,    so   that    it    shall    support    either    '  FiG.A 

the  pull   ?  in   a   horizontal   direction,    thus     -^-1-X    or   the   weight 

Fig.  B. 

W,  thus    ,,/J\  ,    so  that  each  bar,  under  its  most  unfavorable  load, 
Fig.  C. 

shall  have  stress  of  the   mean  intensity  of   5  tons   per   square  inch. 

Denoting  the  diagonals  by  the  numbers  1  and  2,  respectively,  and  the 

vertical  ^-liS,     by  the  number  3  (see  Fig.  D),  and  calling  the  loading 
Fig.  D. 

with  the  horizontal  pull  the  loading  P,  and  the  loading  with  the  verti- 
cal weight  the  loading  W,  let  us  suppose  that  in  the  bars  1  and  2  the 
maximum  stress  occurs  under  the  loading  P  and  in  the  bar  3  under 
the  loading  W,  so  that 

i         +5  2         —5  3         — 5 

the  bar  1  being  designed  under  tensile  stress  and  the  bars  2  and  3  under 
compression. 
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Treat  bar  3  as  the  superfluous  bar.     Then  unity  tension  in  it  would 

cause  compression  of  0.707  in  each   of  the  bars  1  and  2  or   '|— ^ 

Fig.  K. 
S\  =  -S".,  =  —  0.707  (see  Fig.  E).  The  apex  of  the  triangle  sinks  more 
under  the  loud   IT  than  under  the  pull  P  by 

s\{S    -s  )h      s:2  (Shr  -  s2p)  i2  l 

and,  noting  the  values  of  S',  /and  A,  this  gives  the  simple  relation 

Oj         O]  S-2       S-2  O3       O3 


/' 


+ 


S,  —&  —S3 

p  -p  w 

Now,  Slp  =  Slo    +  S\  S3p  =  +  0.707P  -  0.707S3p 

Siw  =  \,„.  +  8\  S3w  =  -0.707 W- 0.707^ 

S  ,  =  S2      +  S>,  S,    =  —  0. 707P  —  0.707S,_ 

-I  -0  p  -       •'P  r 

S,  w  =  S2       +  S'2  S3     =  —  0. 707  W  —  0. 707 Shr 
"w 
so  that  the  relation  may  be  written 

P  +  w  —  S,    +  8,  P  —  W+  So    —  So  So    —  S, 


Ap  I         Sp  .-iffr 

or,  clearing  of  fractions, 

2  P  S>,w  +(2PW-P«-+  S%)  S-iw  +  P2  8,p  -Ss3p  =  0 
which  is  a  quadratic  equation  in  S3  .  and  a  cubic  in  S3  .     We  observe 
the  following  relations: 

•t  s',,ir  =  0,  then  (S3     =  0,  the  bar  3  having  zero  area. 

•  *  's.;/>  =  ±P,  then  S3    —  —  W,  either  bar  1  or  bar  2  having  zero  area. 

p 

If  83p  =  0,  then  S3     =  —  W  +  -=-,  bars  1  and  2  being  of  the  same 

p 

area  and  bearing  together —'   whereby  their  junction    sinks   the  full 

allowable  strain  of  3. 

We  note  that  S3  is  the  primary  stress  in  bar  3,  since  it  does  not 
vaiv  with  P,  and  the  primary  stresses  in  1  and  2  are  —  0.707  S3 

It  will  be  seen  that  the  bar  3  can  only  be  used  to  advantage  when 
II   is  greater  than  P,  which  we  will  suppose  to  be  the  case. 

Since  1  and  2  are  most  efficient  in  resisting  P  we  have  supposed 
them  designed  under  P,  while  3,  which  is  only  efficient  in  resisting  W, 
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we   have   supposed   designed   under  W.     Thus   we   must    satisfy  the 
inequalities 


*2,„S«!„ 


s\r> 


o2 
'     3, 


<S'2,       >   S2,    and  also 


S2     >S2, 


s\  >S-Ji 


The  latter  pair   of  inequalities    are  necessitated   by  the   primary 

stresses. 

/  P\  - 
A  consequence  of  this  last  pair  of  inequalities  is  that  S2^     =  ( -«  ) 

S2J  k 


(S, 


so   that 


is  the  volume  of  material  in  the  bars  1   and  2 


under  these  circumstances,  and  is  constant.  For  economy  then,  we 
must  so  choose  S3  within  the  above  limits  that,  while  satisfying  the 
remaining  inequalities,  S2.,     shall  be  as  small  as  possible. 

Let  us  take  W  =  100  tons,  P  =  60  tons,  and  assume  S3p  =25  tons. 
We  have  S\w  +  -~  S,w  +  (750  -  1-^-°)  =0,  whence  SSw  =  -  37.6 


±  28.2  =  —  9.4  tons,  or  —  65.8  tons,  of  which  the  former  is  excluded 
by  the  condition  S2:i  ,  >  S23  . 

Taking  the  solution  of  S:i     =  —  65.8  tons,  we  obtain  the  following: 


With  no  load,  Sl  =  S2  =  —  17.67  tons, 
83  =  +  25  tons. 


With  loadP  =  60  tons,  Slp  =  +  24.75  tons, 
S.,p  =  —  60.10  tons,  S3p  =4-25  tons. 


With  load  W=  100  tons,  Slw  =  —  24.18  tons, 


&>„ 


24.18  tons,  S3ar  =  —  65.8  tons. 


The  section  areas  are:  (bar  1 


24.75 


=  4.95  sq.  ins.,   (bar  2 


-60.10 


=  12.02  sq.  ins.,  and  (bar  3) ^-  =  13.16  sq.  ins. 

— o 

The  volumes  are:  (bar  1)  840.0  cu.  ins.,  (bar  2)  2  039.8  cu.  ins.,  (bar 

3)  1  579.2  cu.  ins.,  a  total  of  4  459  cu.  ins. 
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Consider  the  following  comparisons: 

The  statically  determined  form  JA*  has  areas  (bar  1)  16.97  sq. 
ins.,  (bar  3)  20  sq.  ins.;  and  volumes  (bar  1)  2  879.8  cu.  ins.,  (bar  3) 
2  400  cu.  ins.,  a  total  of  5  279.8  cu.  ins. 

The  statically  determined  form  XX  has  areas  (bars  1  and  2)  each 
14. 14  sq.  ins. ;  and  volumes  (bars  1  and  2)  each  2  400  cu.  ins. ,  a  total  of 
4  800  cu.  ins. 

But  the  combination  or  "multiple"  form  XX  for  P  and  ^J^ 
for  W—  P  has  areas  (bars  1  and  2)  each  8.48  sq.  ins.,  and  (bar  3)  8sq. 
ins. ;  and  volumes  (bars  1  and  2)  each  1  440  cu.  ins.,  (bar  3)  960  cu.  ins., 
a  total  of  but  3  840  cu.  ins. 

This  illustrates  clearly  how  the  indeterminate  form  may  be  more 
economic  than  any  single  included  determinate  form,  yet  not  as 
economic  as  a  combination  of  determinate  forms. 

The  second  value  of  S  ( —  9.4  tons),  excluded  by  the  condition 
S\  >  823  ,  appears  in  the  solution  correctly  as  one  of  the  answers  to 
the  unrestricted  problem.  This  partial  exclusion  of  solutions,  as  pre- 
viously noted,  would  usually  occur  in  problems  of  this  description, 
and  often  not  even  one  of  the  solutions  would  be  admissible  under  the 
limitations  prescribed. 

Thus,  in  this  case,  Slp  being  tension  and  S1     being  compression,  the 

condition  S"ip  ^  S\w  may  ^e  written  Slp  ^  —  Siw',  whence  P  —  Sip 
>  W  -f  Sijr  The  limiting  value  of  this  relation  is  P  —  W  —  SSp 
=  Siw,  or,  in  this  case,  40  -f  S:ip  —  —  Siffr.  If  we  substitute  this  in 
the  equation 

p+  w-s,p  +  s,w     p-W+s3p-s3w  [  ^.p-V_0 

P  ~~  S3p  P  +  S3P  S3W 

2  S3P  40  +  2S»P 

this  becomes  2  -  -^  +  ^      ~40  +  ^     =  0;  or  S\p  +  20S3p  -  1  200 

=  0,  a  quadratic,  of  which  SSp  =  +  26.056  is  one  root,  and  the  corre- 
sponding value  of  S3w  is  —  (40  +  S-ip)=  —  66. 05.  If  we  were  to  assume 
S3p  greater  than  -f  26.056,  there  would  be  no  admissible  solution. 

At  first  glance  it  would  seem  that  the  greater  S3pl  the  smaller 
(numerically)  would  be  S3ffr;  but  if  we  differentiate  the   equation  of 
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dS3W 

relation  between  Sip  and  Ss     and  put      g     =  0,  we  obtain  the  con- 

dition 

,  3    (S°3p-iP\  .     ...  _  3     (SI    -1200, 

and  substituting  this  in  the  equation  of  relation  between  S-ip  and  S3 
we  obtain  the  quintic 

Sjp  +  540S*p  +  28  800^  —  1  296  000£*p—  30  240  000£s  +  777  600  000 
=  0. 

One  root  is  S.ip  =  +  19. 168,  and  the  corresponding  (minimum)  value 
of  >%Jr  is  SAn.  =  —  65.14,  which  gives  only  slightly  more  economy 
than  S3p  =  +  25. 

Thus  far  we  have  examined  only  the  case  of  bars  1  and  2  with 
maximum  loads  under  P,  and  bar  3  with  maximum  load  under  W,  and, 
moreover,  the  suppositions  Slp  >  0,  S2p  <  0,  SSw  <  0.  These  latter 
were  not,  perhaps,  necessary,  but  apparently  are  essential  to  economic 
solutions.  On  the  other  hand,  although  the  argument  that  the  bars  1 
and  2  should  have  their  maximum  loads  under  P  for  a  most  economic 
design  looks  reasonable,  it  may  be  misleading,  so  let  us  examine  some 
further  cases. 

As  a  second  case  suppose  bar  1  to  have  its  maximum  stress  under 
W  (instead  of  under  P),  bar  2  having  its  maximum  stress  under  P, 
and  bar  3  its  maximum  stress  under  W  as  before.  Here  we  will 
suppose  Slw  <  0,  S.2p  <  0  and  Siw  <  0,  so  that  the  bars  are  all 
designed  under  compression.     The  equation  is 

Slp—SlW      ,      S2P—  &2W    _    Sip—  &AW 
—  SlW  —  S2P  —  $3W 

or,  replacing  Slp,  Slw,  S2P  and  S2w  by  their  values   in  P,  W,  Sip 
and  Siw, 

P  +  w-  Sip+  Siw      P-W+  s3p-  siw      s3p-s3w_n 
w+s3w  p  +  s3p      -  +      s.iw    -°' 

which,  cleared  of  fractions,  gives 

WS\p  +  (P  W  +  P  Siw-  WSiw  -  S\w)  83p  + 
(J*  _  P  W+  W2)  S3W  -(P-2W)  S23w  +  S\w  =  0, 
which  is  a  quadratic  in  Sip  and  a  cubic  in  S3w.     Now,  we    have  in 
this  case 
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*,  _  0.707  {W+8s,v)  .ns  uu iM 

—  5  5 

&p        0.707  (P  +  S,D) 
A2=  J±  =  L_J_i£i_sq.  ins.         /,  =  12  x  14. 14  ins. 

—  5  5 

A3  =  JE  =  iLr  sq.  ins.  L  =  12  x  10  ins. 

—  5  5 

Total  volume  =  At  I,  +  A2  l2  4-  A3  l?>  =  24  (P  +  TT+^p). 

It  is  clear  that  for  economy  we  must  aim  to  make  S3p  as  small  as 
possible  while  satisfying  the  inequalities  S\w  >  S2]p,  S\p  >  S%Wj 
"  3if>  &%p-  The  first  two  of  these  conditions  combined  require 
&  2P  >  ^"ij»>  since  xS'j w-  =  &  necessarily;  and  thence  follows  that 
S3p>  0.     Since  S,p  <  0,  -  $p  >  _  S.,w,  or  P  —  TT-f  S3p  —  «,„.  >  0. 

If  P  +  $     =  W+  S3    ,  then  P+W~'%+S3w       S*p  -  Ssw  _ 

"ir-  V 

7^ p 

whence  S-,    =  P  -=; ^  =  4-15  tons,  S\     =  — 25  tons. 

Ap  W  4-  P  "«' 

Now,  <&    —  &>     diminishes  with  /?.,    at  these  values,  and  they  alone 
°p  "ir  p 

sat  isfy  P-f-^-  TF—  &,„.  =  0.      Thus,  if  P  +  S3p  —  W—S3>0, 

jy p  w p 

then  S3     ->  P  — — .     At  the  limit  we  may  take  S3     =  P 


w+p-     —  —  ~—  —  — -,  —  -3p  -  -      T^+  i> 

=  15  tons,  and  this  is  the  least  allowable  value  of  S-,    in  this  case. 

p 

The  corresponding  values  are: 

S3w  =  P  -  W  +  S:ip  =  -25  tons, 

%  =  $2W  =  Slw  =  -0.707  (P  4-  %)  =  -  53.02  tons, 

Slp=  0.707  (P  —  #3p)  =  4-  31.81  tons, 

Ax  =  A.2  =  10.60  sq.  ins., 

t13  =  5  sq.  ins. , 

Vol.  bar  1  =  vol.  bar  2  =  1  800  cu.  ins. , 

Vol.  bar  3  =  600  cu.  ins. 

Total  volume  of  bars  =  4  200  cu.  ins.,  which  is  a  considerably 
more  economic  design  than  that  of  our  first  case.  We  note  that, 
since  A{  =  A2    S3    =4-15  tons  is  also  the  primary  stress  in  bar  3. 

As  a  third  case,  suppose  bar  1  has  its  maximum  stress  under  P, 
but  bar  2  has  its  maximum  stress  tinder  W,  and  bar  3  has  its  maximum 
stress  under   IT  as  before.      In  this  case  S2lp  >  S\w,  S2„w  >  S2.,p, 
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Since  S\w  =  S\w,  S2]p  >  S22p;  whence  S3p  <  0,  Slp  >  0  and 
S3w  <  0.  This  latter  follows  from  S]p  >  —  S,  „.,  or  P  —  S3p  >W  +  S3w 
and  S%w>  S%. 

Now,  if  we  suppose  S2     =  Slw  <  0,  then  the  equation  would  be 

sip  —  s>  w      S-iP  —  s2w      s.ip  —  ,y,ir 


Sip  —  S*w  -  S3w 

1  jy  4P  *P 

which  we  may  write  1  —  -g—   —  tt-    +  "e~~   =  0.      Since    the    terms 
*V  >\]r        &sw 

following  the  first  are  numerically  less  than  unity  by   supposition, 

this  equation  asserts  that  1  +  (>0)±(<l)-f  (>0)=0,  which  is 

impossible. 

If  we  suppose  S2     =  S\     >  0,  then  the  equation  would  be 

Ui„  Oi  O.)      Oo  Oo       O? 

*p  '?r  -p  2w  3p  3w 


lp  lw  AW 


Oj  O.JP  3d 

which  we  may  write  —  1  —  —    +   -<=—    -f   -~—  =  0 

"V  °%w         °SW 

or  —  1  —  (>  0)  ±  (  <  J  \  +  ( <  1)  =  0,  which  is 

possible  only  if  S2p  >  0,   that  is,  if   P  -f  S3  <  0,  or  if   S3p  <  —  P. 

Since   S2w  >  0,   —    (W   +    SSjfr)   >    0,     or    S3jfr  <  —   W.      Now, 

0. 707  (P—  S3p)  —  0. 707  ( W  +  8,)  —  SSrp 

A,  —  v  ap'     A    —  w     A    w   A   1-i-A  1 

5  5  5 

+  A3  l:i  =  24  (P  —  W—  S3p  —  2  S3w)  cu.  ins.     This  will  be  a  minimum 

f°r  SaP  +  2  'S';ipr  a  maximum.      But  the  maximum  values  S3    =  —  P 

and  iSg^  =  —   W  occur  simultaneously,  making  S3    -(-  2  6*3     =  — 

(P  +  2  TF)  a  maximum,  therefore,  we  have 

S3p  =  —  60  tons,  <4X  =  16.96  sq.  ins.,        Vol. bar  1  =  2  880 cu. ins., 

>%n,  =  —  100  tons,  A2  =  0,  Vol  bar  2  =  0, 

Slp  =  +  84.84  tons,        A3  =  20  sq.  ins.,  Vol.  bar  3  =  2 400  cu.  ins. 

&    =  &     =  S2     =  0, 
-p         lw         zw         ' 

Total  volume,  =  24  (60  —  100  +  60  +  200)  =  5  280  cu.  ins. 
This  "  economic  "  solution  is  a  statically  determined  form. 

As  a  fourth  case  let  all  the  bars  have  their  maximum  stresses  under 
W,  then  clearly  Slw  <  0,  S2    <^  0,  and  the  equation  is 


Slw  ~  S2W  ~  Si 


3W 
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Bere    A{   =    A,,  and    consequently  S3p  is    the  primary    stress  in    3. 

^i—  _5  5  5 

J  I    1   IT  +  \      cu.  ins.      This  will  be  a  minimum  for  S3w  a  minimum. 

Now,  from  >-',„.        >-,,,,   follows    TF  +  S3w>  P+S3p,  or  ^  >  P — 

Sip  —  Si^        S2P— S2jy 
W  +  S3p,  or    W  +  .Sir  -  S3p  >  P.      But  -3^7    +  ~^V~    + 

-^-^      =  0  gives   (TF  +  V  -  S3p)  S3w  +   TF  %  =  0;   whence 
-t-  °3W 

P    . 
P  S3jfr  +  WS3p  >  0,   since  S^  <  0.      This  gives    S3p>  -  -^  S3w; 

P  p  W 

whence  S3w  >  P-W-~  S3w,  or  S3jfr>  W  -p+-w>  or  S,w>  -  25. 

At  limit  ^3jr  =  —  25  tons  (minimum),  #3p  =  + 15  tons,  #lp  =+31.81  tons, 
S2  =^2^=^^=  — 53. 02 tons;  Ax  =  A.2  =  10.60  sq.  ins.,  A3  =  5sq.  ins. 
Total  volume  =  24  (200  —  25)  =  4  200  cu.  ins.,  which  is  identical  with 
the  most  economic  design  of  the  second  case. 

We  might  consider  further  cases  in  which  bar  3  was  designed  under 
the  load  P,  but  it  seems  sufficiently  evident  that  these  could  not  be 
economic  designs  and  need  no  study. 

The  final  conclusion  is  that  in  the  most  economic  design  all  bars 
have  their  maximum  stresses  under  the  vertical  load,  and  one  of  the 
bars  has  the  same  stress  under  the  horizontal  pull,  a  result  somewhat 
different  from  that  anticipated  at  the  outset. 

As  a  last  study,  suppose  it  were  required  that  the  frame  should 
support  any  one  of  the  three  loadings  /f\f  ,/^f\,..,  /i\  »  then 
solutions  of  the  first  three  of  these  preceding  cases  would  not  in 
general  apply,  since  they  are  non-symmetrical.  But  solutions  of  the 
last  of  the  cases  preceding  evidently  would  apply,  since  they  are 
symmetrical,  and  the  most  economic  solution  will  be  the  same  here  as 
there.  That  is  to  say,  the  design  with  Al  =  A2  =  10.60  sq.  ins., 
A3  =  5  sq.  ins.,  and  having  a  volume  of  4  200  cu.  ins.,  and  a  primary 
stress  in  the  vertical  of  +  15  tons,  is  the  most  economic  design  for  the 
three  loadings  as  shown.  This  is  as  economic  as  the  best  design  for 
the  smaller  number  of  loadings,  but  usually  the  economic  design  for 
the  smaller  number  of  loadings  will  be  the  more  economical,  and, 
evidently,  it  will  never  be  the  less  economical. 
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This  example,  perhaps  the  simplest  that  could  be  selected  in  the 
design  of  indeterminate  frameworks  subject  to  multiple  loadings,  will 
furnish  a  conception  of  the  difficulty,  or  rather  the  practical  impos- 
sibility, of  any  general  application  of  such  analysis.  Here,  for  single 
solutions  independent  of  limiting  conditions,  the  solution  of  quadratic 
equations  was  necessary,  in  one  of  the  cases  the  solution  of  a  quintic 
was  involved  in  the  determination  of  economic  proportions,  and  last, 
but  perhaps  not  least,  the  examination  of  numerous  cases  of  defining 
loadings  together  with  puzzling  questions  in  connection  with  limiting- 
conditions,  had  to  be  gone  through  with  before  the  most  economic 
design  was  found  and  established  as  such.  In  any  other  case  the 
work  of  this  case  (which  is  hardly  more  than  outlined  here),  and  the 
difficulties  would  be  multiplied  many  fold.  The  equations  would  be 
of  much  higher  degree  and  simultaneous,  the  different  cases  of  defining 
loadings  to  be  examined  would  be  far  more  numerous,  and  the  con- 
sequences of  the  limiting  conditions  would  be  infinitely  more  complex 
and  difficult  to  trace  out.  In  problems  of  a  practical  description  the 
quantity  and  complexity  of  the  work  would  be  such  that  it  is  safe  to 
regard  it  as  prohibitive. 

Illustration  of  the  Design  of  an  Indeterminate  Arch  Under 
Several  Loadings. 

As  a  second  example  consider  the  two-hinged  arch  shown  in 
Fig.  1. 

The  dimensions  of 
the  arch  are  as  follows: 
Span,  40  ft.,  divided 
into  four  parts  of  10 
ft.  each  by  the  upper 
chord,  the  rise  being  12  ft.,  and  the  quarter  points  being  on  the 
parabola  through  the  vertex  and  the  supports.  The  middle  tie  is 
10  ft.  long  and  5  ft.  from  the  vertex  and  all  other  dimensions  follow 
as  shown. 

The  arch  being  symmetrical,  it  is  most  desirable  to  denote  corre- 
sponding bars  in  a  clear  manner,  which  has  been  done  by  giving  each 
symmetric  pair  the  same  letter,  and  following  it  with  I  or  r  in  sub- 
script to  distinguish  the    bars  on  the  left  from  those  on  the  right. 
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The  middle  bar,  which 

alone  has  no  duplicate, 
has  been  denoted  by 
the  single  letter  z  (see 
Fig.  2). 

The  bar  z  we  will  treat 
as  the  superfluous  bar. 
The  stresses  S'  „  ,S'h  ,etc, 

r  r 

due  to  a  tension  of  unity  in 
z,  are  as  shown  in  Fig.  3. 
We  will  suppose  only 
the  three  upper  chord 
joints  to  be  points  of 
loading,  neglect  dead 
weight,  and  consider  the 
various  loadings  formed 
by  applying  the  same 
vertical  load  P  to  any 
one  or  more  of  the  three 
points.  Denoting  the 
single  loadings  by  L,  C 
or  R,  according  as  the 
load  is  on  the  left,  center 
or  right  joint,  we  have 
in  single  and  combined 
loadings  the  eight  cases, 
L,  C,  R,  LC,  CR,  LR, 
LCR,  and  "no  loading," 
but  of  these  L  and  R  an  d 
LC  and  CR  form  sym- 
metrical cases,  reducing 
the  loadings  requiring 
Be]  >;irate  consideration  to 
six  if  we  confine  our- 
selves to  symmetric  de- 
signs. And  only  two  of 
these  loadings,  in  addi- 
tii»i  to  the  case  of  "  no 


Fig.  2 
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loading, "require  separate  calculation,  since  the  others  can  be  obtained 
through  suitably  combining  these. 

The  stresses  under  these  various  loadings  occurring  in  the  statically 
determined  form,  that  is  to  say,  the  three-hinged  arch  remaining 
when  the  middle  bar  z  is  omitted,  are  shown  in  Figs.  4,  5,  6,  7 
and  8. 

It  will  be  observed  that  the  stresses  of  Figs.  6,  7  and  8  are 
obtained  from  Figs.  4  and  5  simply  by  addition. 

Denoting  the  stresses  under  load  C  (Fig.  4)  by  Sa,  Sb,  Sc,  Sd  and  8e, 
simply,  we  find  that  the  stresses  under  load  R  (Fig.  5)  may  be  very 
conveniently  expressed  in  terms  of  these,  and  similarly  for  all  the 
other  loadings  (Figs.  6,  7  and  8). 

Moreover,  comparing  Fig.  3  with  Fig.  4,  we  also  note  relations 
such  that  if  the  tension  in  z  were  +  P,  then  the  stresses,  in  terms  of 
those  in  Fig.  4,  would  be  as  shown  in  Fig.  9.  Therefore,  for  con- 
venience in  the  following  we  will  express  all  stresses  in  terms 
of  P,  which  may  be 
omitted  from  the  equa- 
tions, but  which  must 
be  taken  into  consider- 
ation when  we  come 
to  numerical  computa-     Bar         a  b         e  d  e         Total 

Volume  13.166^  5.357^  1.913-|>30.174^  15.806 -£  143.830 £ 
tions.  6  6  6  6  6  6 

Fig.  10  shows  the  maximum  bar  stresses  of  the  three-hinged 
arch  together  with  the  loads  under  which  they  occur.  The  bar 
volumes  and  total  which  would  correspond  to  this  as  a  design  are 
also  given.  We  have  to  find  what  economy  over  this  can  be  secured 
through  introducing  the  middle  bar  z  and  making  the  design  inde- 
terminate. 

In    order    to   enable   us   to   form    a    conception    of    the   changes 

in    stress    in    the   indeterminate    design,    it   will    be    of    service  to 

know  the  changes  Sz  in   the   middle  bar  distance  under  the  various 

loadings    in    the    case     of     this    determinate    three-hinged    design; 

for  the  indeterminate    design    certainly  will    have  somewhat   similar 

•     *  ^  &  SI 

proportions.      The   shortening   of  the  distance  z  is    8   z   =  2,  -=-j . 

Now   the    areas    are    the    maximum    stresses    as    given    in    Fig.    10 
divided    by   the    working   stress;    the   quotients   being    taken    posi- 
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tive.     Or   we   may  write-  8  z  =  2  S  -^ — .      In^  Fig.     11    are    the 

"  "max 

S1  I 

values  of  — with  the  signs  of  the  S',  and  by  aid  of  these  the  values  of 

'    max 

E  E 

—  8  z  were  calculated  for  all  the  loadings  as  shown.     The  range  of  —  8  z 
6  6 

exceeds  60.     When  the  bar  z  is  introduced,  that  must  be  so  resistent  as 

E 
to  reduce  the  range  of  —  8  z  within  20  since  z  being  10  ft.  long,    8z  may 

not  varv  more  than  10  ■=,  either  way  from  its  mean. 

Now  if  we  consider  the  stresses  as  shown  in  Figs.  4  to  8,  and  their 
modification  through  introducing  a  bar  z,  by  aid  of  the  stresses  shown 
in  Fig.  3  or  Fig.  9,  and  in  the  light  of  this  last  data  as  to  the  character 
of  the  variations  8  z,  we  see  readily  that  for  greatest  economy  of 
material  in  the  bars  b,  c  and  e  the  stress  in  z  under  L  or  R  must 
be  equal  but  opposite 
in  sign  to  that  under 
L  G  or  GR,  and  simi- 
larly under  L R  equa 
but  of   opposite  sign   to 

that    under    C.      There-    ^oad       C      CRorLR  RorL    LCR      LR     Sz=P 

.  ,,  .  ~8z  -13.756  +10.328  +34.084+34.412  +  48.168  +  52.587 

lore  the    primary   stress     <5 

in  z   should  be   equal   but  of  opposite  sign  to  that  in  z  under   the 

full    load    LGR.     This   requires  that  with  \  P    on   each    point    the 

bar  z  shall   be   free  from   stress.       The    greatest    stress    in    z,    and 

therefore  the  material  used  in  z  in  making  its  greatest  strain  but  — , 

would  also  be  least  for  this  condition  of  design,  so  that  it  seems  prob- 
able that  this  will  furnish  a,  if  not  the,  most  economic,  indeterminate 
design.  Only  the  volumes  of  the  bars  a  and  d  would  be  favored  by 
further  increasing  the  resistance  of  z  under  the  loading  LCR,  and  it 
does  not  seem  probable  that  gains  there  would  offset  the  consequent 
losses  by  the  bars  b,  c,  e  and  z.  We  will  therefore  seek  the  particular 
solution  for  which  the  stress  in  z  would  be  zero  with  |Pon  each  point, 
therefore,  for  which  the  stress  in  z  under  the  various  loadings  gives  the 
following    relations:    &    ==  8.    =—S,      —  —  8,      =  &  say,    (Fig.  5 

R  ZL  ZCR  ZLC  °        J 

corresponding  to  loading  R),  S,Lfi  =  —  SZ(y=  S7  say,and  SZLCR  =  —  SZo 
(the  primary  stress)  =  Sg  say. 

We  are  now  confronted  with  the   question  :   Under  what  loadings 
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will  the  bars  probably  have  their  maximum  stresses.  It  would  seem 
likely  that,  as  in  the  three-hinged  arch,  a  and  d  have  their  greatest 
stresses  under  LCR;  b,  c  and  e  under  R  and  L  (GR  and  L  C);  and  z, 
judging  by  the  data  of  Fig.  11,  under  LR  (and  C).  We  will,  therefore, 
first  proceed  on  this  basis.  This  gives  the  expressions  for  the  section 
areas  A,  and  the  Figs.  4  to  9  enable  us  to  write  the  stresses  as  follows: 


A 

aLCR 

6 

Sa0  =  —  lSaS8 

A 

rJt_ 

6 

s. 

\  =  +  &sbss 

A 

rR 

6 

co  —  —  r°c°8 

A 

~S«LCR 
6 

\  =  _  iSaS8 

A 

6 

eo  =  -\-  §SeSs 

A 

ZLR 
6 

—S7 
~6 

S"lr    =  +  iSa(10 +7S7) 

S"LR      =~ 

&Sb(10  -  7S7) 

S'LR      =  — 

IS.&  —  7S,) 

SHr    =  + 

lSd(22  +  7S7) 

SeLR      =  — 

hSe(2  +  BS7) 

S„c      =  +  iSa(4:  -  7S7) 

\   =  + 

&Sb{10  +  7S7) 

$cc       =  + 

\8e(4:  -  7S7) 

S«c      =  +  1^(4-7$) 

^c       =  +  toP  +  3^) 

So,           =  + 

tR 

$Sa(2  +  7S5) 

Sb)           =  + 
>R 

&Sb(5  -  7S5) 

8.       =  + 

IR 

i  Sc(2  +  7S5) 

lR 

\Sd(2  +  7S&) 

Se,         =  + 
R 

iSe[l  —  3S6) 

11  LCR 


S*LCR  =  ~  *SeS* 


SarR  =  +  \Sa(8  +  7SJ 

Sb  =  -  lsSb(15  +  7S5) 

Se  =->4Sc(6-7S5) 

Sa*  =  +  lSa(20  +  7S6) 

rR 
SerR      =-to(l  +  ^6) 

S *    =  +  ±Sa(G-7S5) 

<CR 

Sb       =  +  ^Sb(15  +7S5) 

lCR 

S        =  +  hSc(6  -  7S6) 

f'CR 

Sa       =  +  13,(6  -  7S&) 

lCR 

S        =  +  f^,(l  +  S5) 

lCR 

sa     =  +  i<syi2-7#5) 

rCR 

Sh        =--h-Sb(5-7S5) 

rCR 

Sc        =  -  R.(2  +  7S,) 

'CR 

Sa        =  +  iSd(24-7S8) 

<-OR 

rci; 
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We  suppose  the  coefficient  of  elasticity  to  be  the  same  for  all  bars, 
therefore,  between  any  two  loadings,  as  L  CR  and  0  (no  loading),  we 

S'{SLCR-S0)l 


have  equations  such  as  2 


0.       Writing   these   for  the 


three  pairs  of  symmetric  loadings  LCR  and  0,  R  and  C R,  and  L  R  and 
C,  we  have — 


-1         S'(SLCR  ~  So)  l    -  5«(7  +  7£8)  l„ 


-2t2 


4 


±9ShSJh 


4  +  2SS       T  75  +  35£5 


+ 


49&&1, 


-12  +  14S5 


:r  + 


7>'.,  (13  +  7,%)  I,    ,    SSJSJ,   ,    $£ 


52  +  US* 


1  +  ^5 


4 


_1     S'(Sx-SCB)l=Sa(  -  2  +  7^,)  fa     7SJ5  +  7S&)lb     7Sc(-2+7S5)  lc 
26  2  A  4  +  2^  +     75  +  35S5     +     — 12+14^5 

7-%(-2  +  76;)  l„         Se(l  +  3S5)  lK       S&  _ 

r  ko    ,    1,(C  lie  ~r"    v<  u 


52  +  14.% 


1+^5 


#7 


— 1 

26 


S'^SlR-  SJ  l-  Sg®  +  7'^)  h  .    7^(10+ 7^)  Z6 


4  +  2.% 


75  +  35& 


+ 


7.s , -4  +  78,)  lc        7S„(9  +  7S7)  lf1  +  S,(2  4-  3j?7)  J,  +    =  Q 


-12  +  US5 


52  4  14£8 


1  +  S5 


Now,  if  to  the  first  of  the  above  equations  we  add  twice  the  second 
and  then  subtract  the  third,  we  obtain  the  simple  relation  88  4  2<S'5  — 
S~  =  0.  This  we  might  otherwise  have  perceived  from  the  following 
reasoning:  The  loading  LR  is  obtained  by  adding  to  the  loading 
|P,  JP,  \P  the  loading  IP —IP,  \P.  The  loading  L  CR  is  obtained 
by  adding  to  the  loading  IP,  IP,  \P,  the  loading  \P,  IP,  $P.  And 
half  the  difference  of  these  additive  loads  (viz.,  \  [(JP, —  IP,  IP)  —  {\P, 
hP,  h_P)]  =  (0,  —  \P,  0),  added  to  IP,  IP,  IP  gives  the  loading  \P,  0, 
hP  which  would  cause  the  same  strain  of  z  as  the  loading  0,  0,  P  or 
loading  R.     This  is  a  check  of  the  above  equations. 

Substituting  in  the  second  and  third  of  these  equations  5g  4  2»55  for 
8,  and  clearing  of  fractions  in  Ss  we  get 


28«.v\4 


(56#5  4-  160)  a 

4l4.s;,(-2  4  7N,)/„ 
+  14x,(_2  4  7.v,)/, 
L4  28N,  /. 


S'g+ 


(320S5  4  208)  a 
+  (28S5+52)8a(-2  +  7S5)la 
4(  4^4-4)7^(-2  4  7Sr5)/d 
L4   1605^4 


4- 


416N-,,, 
4  104.%  Sa  (—2  4  7.s',)  la 
4    56.%  .%,  (-  2  4  7.v,  /., 
4  208S5 1, 


=  0 
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,  _7S„  (5  4-  75Q  l„       75„  (-  2  +  75fl)  lc       5,  (1  +  355)  lr 

wnere  a-      ?5  -  ^       -f  -     _M  +  ^  :  +  ^ 

and 


28/J538 


-      160/5    ■ 

+  28r 
+  985„  ?a 
-+  985„  l,r 


<s%4 


_      208/5 
+  160^ 

+  145a  (3  4-  U5[,)  h 
+  145,  (9  +  1455)  ld 
+  3645a  la 
+  196X,  la 


r      208^  ~~| 

+  525a  (3  4-  1455)  la     =  0 
L+  285,  (9  4-  145.)  L-l 


where   /?   = 


495,  /, 


+ 


495,  ?c 


35,  Z,. 


75  +  3555  T  —12  +  1455    "rl+5g 
75,  (10  4-  1455)  /„    .   75,  (-  4  +  145,)  lc 


75  4-  3555 


+ 


+  h 


—12- 


145, 


+ 


5,  (2  +  655)  /, 

1+^5 


The  coefficients  of  Ss  in  each  of  the  above  cubics  in  58  contain  the 
variable  S5  and  otherwise  only  known  quantities.  Between  the  two 
cubics  we  could  eliminate  Ss,  obtaining  a  relation  between  the  coeffi- 
cients which,  cleared  of  fractions,  would  yield  an  equation  of  about 
the  twentieth  degree  in  55.  This  we  could  then  solve  directly.  Or, 
by  assuming  a  series  of  values  of  55  and  determining  the  correspond- 
ing values  of  58  from  the  cubics,  we  can  plot  the  curves  in  part  for 
each  of  the  above  equations,  and  their  intersections  will  furnish  the 
common  roots.     Adopting  this  latter  method,  we  find — 


S%  4-  4. 7985  28  +    4. 764  58  +  0  =  0         has  root       0 

5  3S  4-  6. 885528  4-  12. 385  58  4-  3. 975  =  0    "     "      —  0. 406 

538  +  3. 735528  +    1.912  58  4  3.679  =  0  has  root  —  3.49 
53s4-  6.62  5284-  10.83    58  4-  1.870  =0    "     "       -  0.195 

53g  -  4.588528  +    4.139  58  4-  0.479  =  0  has  root  —  0.135 
N\  4  6.820528  4  12.000  58  +  3.441  =  0    ""     "      —  0.354 

538  +  4.434528  4-    3.702  58  +  0.781  =  0  has  root  —  0.336 
.  ,  _  -o. U5    8 3g  +  6  778^2^  +  1L  743  ^  +  8.094  =  0    .<     «      _  o. 320 

Plotting  these,  we  find  an  intersection  of  the  curve  of  the  second 
equation  with  that  of  the  first  at  &  =  —  0.049     58  =  —  0.322,  which  is 


if  &  =  0 


5,  =  -0.1 


&  =  -0.03 
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approximately  the  solution  sought.     From  these  values  of  S6  and  S8 

we  get  S7  =  Sg  -f-  2S5  =  —  0.420. 

S       =  —  J  5   (4  +  7  X  0.420)  =  —  i  £    X  6.940 
But  this  gives  us  ^  =  _  ,  ;  (6  +  ?  x  a()49)  =  _  j  t%  x  6i343 

or  aS2  >•  #2  which  is  contrary  to  our  supposition  that  c  has  its 
maximum  stress  and  is  designed  under  the  loading  R.  All  other  bars 
have  their  maximum  stresses  as  supposed.     We  must  therefore  sub- 

-^£  for  its  previous  value,  rewrite  our  equations  and 


stitute  A.  = 


solve  again.  This  affects  only  one  denominator  of  our  equations 
(page  602),  which  thus  changed  become  (the  last  two  only  being 
written), 


2<J 


ScR)1  _$,(-2  +  7S,K         7^(5  +  7*:)/ 


+ 


4-1-2*%  75+35*% 

7Se(-2+7S6)le   ,   7^(-2+7^)/d      Se(l+SS5)le  1     S^ 
—8+ 14*9  7  52  +  14*s;  l+£3        j       S- 

-1  ^S'(SLR-Sc)l^Sa(3  +  7S7)la   ,    7*Sfe(10+7/?7)/6    ,    7  Sc /c 


2(J 


+ 


4+2£8  75+35<% 

7^(9+7^)Zd       fl„(2+8$)I. 


52  +  14.% 


+ 


1  +  & 


+  L 


Making  the  substitution  Ss  +  2  S5  for  S7  and  clearing  of  fractions 
in  *Sg  as  before,  we  obtain  two  equations,  the  first  a  biquadratic,  the 
second  a  cubic  in  So.     We  have 


T392a'         "I 


"(1568  85  +  2016)  a' 

-49(28#5+80)*Vc 
+  196(-2+7.s;).S'a/a 

+  196 (-2 +  7  SjSdld 
+  392  &  I 


S' 


+ 


'  (1568  *S'25  +  8512  S5  +  1632)  a" 
—  49  (160  *%  +  104)  Sc  lc 
+  (784*%+616)(-2+7*S5)*SWa 

I   7(112.%+40)(-2+7*%)*yd 

f  (784*%+  2016)  £5/4 


tf2 
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+ 


'(8960  #25  +  9088-%— 1664)  a' 
— 10192  S5  Sc  lc 
+  (784  S\  +  2688  >%-  416)  (-2+  7  S5)SJa 
+  7(112,S*5+192Sr32)(-2+7&i)Sd  ^ 
+  (4480  S6  +  1632)  £g  I 


+ 


(11648  #5  —  3328)  S5  a' 

+  (2912  S5  -  832)  S5  (-2+7  S5)  Sa  la 

+  7(224  S6-64)S6(-2+7S 

+  (5824  Ss  —  1664)  *%  I 


Sdla 


=  0 


where  a' 


and 


28/5'  S38+ 


7^(5+7^)^  ,   7Scic         ^(l  +  3<%)/ 


75  +  35  S5 


+ 


+ 


1+^5 


where    /J'  = 


208  fi' 

"l60/3' 

+  160  r' 

+  28  r' 

s\+ 

+  14(3+14  .%)£/„ 

S8 

+«^.'. 

+U(9+US5)SdId 

+  98<V, 

+  364  #  Z 

1                a    a 

+  196  V*             J 

"208  ^' 

+ 

+  52(3+14^5)^a/a 
.  +  28(9+14.%)^ 

49  #6  Z& 

3.5  / 

"   75  + 

35  Ss 

=  0 


Solving  these  equations  just  as  in  the  preceding  case  we  have  the 

following : 

S48  +  4.394  S3e  +  1.856    S28  —  1.972    SH—  0.0309  -  0  has  root  —  0.015 
S3e  4-  6.891  S2S  +12.151    S8    +  3.278  =  0  "      "     —  0.328 

S\  +  3.655  8*e  +  0.8741  S28  —  1.2567  S8—  0.3216  =  0  has  root  —  0.2558 
S38  +  6.761  S28  + 11.420    SB    +  2.325  =  0  "      "    —  0.2352 

S*e  +  3.674  S38  +  0.9106  S28  —  1.2996  8  —  0.3022  =  0  has  root  —  0  2275 
S38  +  6.767  S28  +11.450    S8    +  2.363  =  0  "      "    —  0.2393 


If  Ss  =  —0.05 
"  8,  =  -0.10 
"  SB  =  —  0.09J 


Graphically  interpolating,  we  find  approximately  Ss  =  —  0.0990, 
Ss  =  —  0.2373,  which  gives  S7  =  #8  -f-  2S6  =  —  0.4353. 


606 


CILLEY   ON   INDETERMINATE   FRAMEWORKS.  [Papers. 


Applying  the  formulas  for  the  bar  stresses  written  out  on  page 
601  we  obtain  the  series  of  stresses  under  the  various  loadings 
shown  here  in  figures  4a 
to  8a  and  a  (compare 
figures  4  to  8,  page  598). 
But  we  observe  that, 
contrary  to  our  sup- 
positions, the  greatest 
stresses  in  the  bars  a  and 
d  do  not  occur  under 
LCR  but  under  GR 
(and  LG).  Under  this 
latter  loading  the  upper 
chord  stresses  are  H  to 
eL\%  greater  than  under 
the  full  loading.  The 
design  is  not,  therefore, 
admissible,  but  since  it 
is  a  close  approximation 
it  will  be  of  interest 
to  note  the  volume  of 
material  it  takes  and 
compare  with  that  for 
the  three-hinged  arch. 
The  section  areas  are 
shown  in  Fig.  12,  below 
which  are  the  bar  vol- 
umes. In  spite  of  the 
overstrain  of  the  bars  a 
and  d  under  the  load- 
ings CR  and  L  C,  the 
economy  is  but  some 
±\%  over  the  three- 
hinged  arch  (see  Fig.  10, 
page  599). 

We  have  now  to  solve  on  the  supposition  that  all  the  bars  except 
c  and  z  have  their  greatest  stresses  under  the  loadings  CR  and  L  G, 
so  that  now 


Bar  a  b  c 

Volume  16.01-£  5.115    2.25$ 
6  6  6 

Clp       e     p      Z  Total    p 

28.24^    14.24^    4.35#    136.05^ 
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A„  = 


We  have,  therefore, 


'CR 


6 


-  1  2   S'  (£r  -  Sc*)  *  _  7  Sa  (  —  2  +  7  $)  Z„         7  £„  (5  +  7  #5)  Z» 


2(5  A  24  — 14£5  '  75  +  35*% 

7SC(2-7SQZC       7S„(-2  +  7S5Kt      S,(1+3S,K         $  Z,  _ 
8  —  14  $       +         48  —  14  #5        "'"         1  +  86         ^    S7      ~V' 

_1       ff  (££J;  -  ffc)  Z  =  7  ff,  (3+7  £7)  Z„        7  £„  (10  +  7  $)  /, 
2tf  ^4  24—14  S5       +         75  +  35  £5 

7  £„  Z,      7  ^  (9  +  7  $)  Z„       6;  (2  +  3  ,S7)  Ze  _ 

+      2       +  ~     48  —  14  £5        +  _       1  +  ^5         +  '"  ~ 

These  contain  only  the  variables  85  and  -SI.     Writing  out  in  terms 
of  S7  we  obtain  the  equations 

p-  8  a"  "I 

14a"  S2-  +      —  7  (2  —  7  «,)  Sc  lc   \S-  —  8  #5  Z,  =  0  and  fi"  S7  +  ^"  =  0. 
L+  14  S5  Z,  J    ' 


where 


7  ffa  (-  2  +  7  S.)  Z„,       7  £6  (5  +  7  S5)  4       7  8d  (-  2  +  7  S,)  l(l 
24  —  14  S5  "*"        75  +  35  S6        "*"  48  —  14  #5 

#6(1  +  3£6K 


+ 


1+^5 


.,_      49  ff,  Z„  49S„Z„  49ff,Zf,         3^4 

7    —  24  —  14  8a  "*"  75  +  35  S5  ^  48  —  14  Sa  ^  1  +  $,» 

21  £a  4,  70S„Z„  7S.Z  63^  2^,4    |   , 

y    ~  24  —  14  Sb  ^  75  +  35  85  "h      2       _f~  48  —  14  £5  "*"  1  +  S5  ^  *' 

Here  our  equations  are  much  simpler  than  before,  ODe  being  linear 
and  the  other  quadratic  in  S7.  We  could  readily  eliminate  S7,  obtain- 
ing an  equation  of  the  eleventh  degree  in  86,  but  it  will  be  simpler  to 
proceed  as  before  by  assuming  values  of  85,  computing  S7  and  graph- 
ically obtaining  the  common  roots. 

t*  <?  n  inn       #7  +  0.098495  &  -0.14068  =  0  has  root  -  0.4277 

it  *5  =  —o.  ioo  ^  +  0  4345  =  j        has  root  _  0-  4345 

„0  n  1n1       8$  +  0.1087  S7      —0.14349  =  0  has  root  -  0.4370 

It  6,  =  —0. 101       ^  +  Q  434g  J  Q  has  root  _  0  4348 

Graphically  interpolating  we  find 

&  =  —0. 1008.         &  =  —0. 4346.         EL  =  8,  —  2  &  =  —  0. 2330. 
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We  obtain  through  the  formulas  for  bar  stresses  on  page  601 
the  series  of  stresses  under  the  various  loadings  shown  here  in 
Figs.  46  to  86  and  6. 

This  time  the  great- 
est stresses  all  occur 
under  the  loads  as 
assumed,  and  the  solu- 
tion here  obtained  is 
therefore  that  sought. 

The  section  areas 
are  as  given  in  Fig.  13, 
together  with  the  load- 
ings under  which  they 
are  designed.  And  be- 
low are  given  the  vol- 
umes of  the  bars  and 
the  total  volume  (com- 
pare Fig.  10,  page 
599).  The  economy 
thus  obtained  over 
the  three-hinged  arch 
proves  to  be  but  3£  per 
cent. 

We  may  test  the 
work  by  computing  the 
shortening  of  the  line 
z  from  its  length 
when  the  bars  a,  6, 
c,  d  and  e  all  have 
zero  strain.     We   have 

5^2  - —  S  (if  we 


write    N 

The    values    of 


always  +). 

S'l 

X.... 


Bar  a  b         c 

Volume  16.49^  5.11^  2.34 1?  28.67^ 
Bar  e  %         Total 

Volume    14-21^  4.34^-  137.78^- 


being    as   shown    in    Fig.  14,    we    obtain,    by    aid   of    the    stresses 
given  in  Figs.  46  to  86    and   6,  the  values   of   —  $  z  shown  above. 
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Subtracting  from  the  others  the  value  for  \  (LCR)  when  the  bar  z  has 

no  strain,  we  obtain  —  times  the  actual  strain  of  z.     This  should  be 
6 

±10  (more  accurately  ±  /,  which  is  somewhat  less  than  10  ft.),  for 
loads  LR  and  C,  respectively,  ±  jgjTr  X  10  =  ±  2.319  for  R  and  CR, 
respectively,  and  ±  |jj^    X  10  =  ±  5.361  for  LCR  and  "no  load," 

respectively.  Even  these,  which  are  a  trifle  too  large  owing  to  the 
value  of  I  used,  check  within  -?0-%,  or  within  the  probable  error  from 
keeping  but  four  significant  figures  in  the  calculations. 

The  normal  or  unstrained  length  of  the  bar  z  is  its  length  under 
the  loading  which  makes  its  stress  zero,  that  is  |  P  on  each  panel 

point.     This  length  is  (10  —  18.556  -|-   ft.).      Taking  6  =  10  000  lbs. 

per  square  inch,  and  E  =  30  000  000  lbs.  per  square  inch,  this  correction 
is  0.00618  ft.,  the  corrected  length  of  z  being  9.99382  ft.  It  is  seen 
that  an  error  of  a  ten- 
thousandth  of  a  foot 
would  sensibly  change 
the  strain,  and  the  same 

is  true  of  the  other  bars. 

Load      C    No  Load    CR        R        LCR      LR    ]4(LCR) 
To  ensure  the  distribu-  ^  g  z  +8>572+13-198+16>343+30-871+ 33.913+28.540+18.556 
tion  of    the    stresses    as   6        -9.984—5.358—2.314+2.315+5.356+9.984     0.000 
here  calculated,  within,  say,  1%,  the  bar  lengths  should  all  be  calcu- 
lated to  five  decimal  places  and  single  errors  in  the  finished  structure 
should  not  much  exceed  a  unit  in  the  last  decimal  place.     That  is,  the 
bar  lengths  should  be  true  to  about  one  ten-thousandth  of  an  inch; 
certainly  closer  than  to  one-thousandth  of  an  inch.     And  we   must 
further  suppose  no  comparable  yielding  of  joints  or  abutments. 

The  relative  stiffness  of  the  indeterminate  design  just  obtained  as 
compared  with  that  of  the  determinate  (three-hinged)  design  is  a 
matter  of  much  interest,  since  it  is  frequently  claimed  that  the  two- 
hinged  arch  is  stiffer  than  the  three-hinged  arch.  If  by  S'  we  indicate 
the  stresses  in  the  three-hinged  arch  due  to  a  vertical  load  of  unity 
on  any  joint  and  by  S  the  actual  stresses  in  the  bars  under  any  given 

S'Sl 
loading,  in  either  design,  then  2  -=-j-   will   give    the   sinking    of  the 

joint  in  question  under  the  given  loading.     The  values  of  S'  for  load 


610 


CILLEY   ON    INDETERMINATE   FRAMEWORKS. 


[Papers. 


unity  on  the  middle  joint  or  on  the  right  upper  chord  joint  we  readily 
obtain  from  Figs.  4  and  5,  the  values  of  S  we  obtain  from  Figs.  4  to 
8  and  Figs.  4ft  to  8b  and  b,  and  the  values  of  A  from  Fig.  10  and 
Fig.  13.  We  note  that  for  the  indeterminate  design  "no  load"  also 
gives  deflections,  —  3.72  -=  at  the  middle  joint  and  -f-  6.19  -=-  at  the 
Bide  upper  chord  joints.  The  deflections,  corrected  as  above  for  the 
indeterminate  design  and  without  the  factor—^-,  are  as  follows: 


Load 

Joint 

Deflection; 

Three- 
hinged 
arch. 

Two- 

hinged 
arch. 

L 
LC 
LCR 

C 
LR 

L 
C 
R 

L 
C 
R 

L 
C 
R 

L 
C 
R 

L 
C 
R 

+  44.96 
-3.63 

—  8.84 

+47.33 
+33.39 
-11.47 

+38.50 
+19.66 
+38.50 

-2.63 
+24.93 
-3.63 

+41.13 

—  5.35 
+41.13 

+  44.64 
+  3.53 
-18.40 

+47.18 

+36.13 
-15.86 

+28.79 
+28.64 
+38.79 

+3.54 
+33.59 
+  3.54 

+36.34 
+  5.05 
+36.34 

Plotted  Deflections: 
Full  line  for  Three-hinged  arch. 
Dotted"     »  Two- 


We  note  that  the  deflections  differ  in  character  in  the  two  cases. 
The  greatest  deflections  do  not  occur  under  the  same  loadings.  The 
greatest  side  joint  deflection  of  the  three-hinged  arch  is  some  6% 
greater  than  that  of  the  two-hinged  arch,  but  the  greatest  center 
joint  deflection  of  the  three-hinged  arch  is  some  5%  less  than  that  of 
the  two-hinged  arch.  The  center  deflections  are  little  more  than  half 
the  quarter  deflections  in  both  cases.  Practically  one  arch  is  about 
as  stiff  as  the  other.  Certainly  the  existence  of  the  middle  bar  in  the 
two-hinged  arch  does  not  appear  to  have  given  it  a  pronounced 
advantage. 

Is  the  indeterminate  solution  which  we  have  found  one  of  greatest 
economy  of  material?  It  at  least  is  a  solution  at  a  point  of  discon- 
tinuity in  the  variation  of  the  material  used.  That  is,  under  our  con- 
dition of  equal  maximum  stress,  if  the  compression  in  z  under  R  were 
slightly  less,  the  tension  in  z  under  C  R  would  be  slightly  greater,  Ah 
and  Ae  would  be  determined  under  the  loading  R,  and  Ac  and  Az 
would  be  determined  under  the  loading  C.     But  if  the  compression 
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in  z  under  R  were  slightly  greater,  the  tension  in  z  under  G  R  would 
be  slightly  less,  Ab  and  Ae  would  be  determined  under  the  loading 
CR  and  Ac  and  A.  would  be  determined  under  the  loading  LR.  For, 
consider  the  three  equations  between  R  and  C  R,  L  R  and  C,  and  R 
and  L  R  in  the  former  case.     Put  8Zr  =  S6  +  ^'sj  Q  ,„  =  -  S5  4-  ^6, 

flf,       =  £7  +  J7  and  S,     =  -  S7  +  z/4,  where  z/5  is  +  .     Then 

1  ^"(^-^H  1  ^'(SLR-Sc)l 

6  ~  A  6  A 

_  7  Sn  (-  4  +  14  £,  +  7^?fl  -  7 A)  *„  _ 7^q  (6  +  14 S7  +  1A7  -  7J4)  fa 
24  - 14  S5  +  14  J6  24  - 14  £5  +  14  J6 

7^(lQ  +  14^5+7z?5-7J6)^  7^(20+14ff7  +  7zf7-7J4)4 

+  75  +  35  S5  +  35z/5  75  +  35  S5  +  35  J5 

7£e(4-14S>-7J5  +  74H  7Sr(8-14S7-7^7+7/?4)/c 

+  8-14#7  +  14J4  +  8-14£7+14J4 

7^(-4+14^5+74,-7J,)Z„  7*S'„(18+14£7+7J7-7J4)4 

+  48-14£5  +  14z/6  +  48-14£5  +  14z/6 

S,(2  +  6£8  +  3J6-32F6K  Se(4  +  6S7  +  3^f7-3^4K 

+  l  +  ^5  +  ^5  l  +  £5  +  J5 

(2^+^5-/?J4  (2S7+J7-/f4K 

£7-z/4  ^         £7-J4 

=  0  =0 
1  ^'(SLB-SB)l 

_T2— A 

_  7Sa  (5+7S7-7S5  +  7A,-7A5)la 


24-14#5  +  14J6 
7^(5+7^7-7^5+7^?7-7J5)4 

75  +  35  S5  +  35  J5 
7^(2-7^+7^-7^+7^)4 

8  - 14  Sj  +  14 '  J4 

7^,(11  +  7^-7^+7^-7^)^ 
48 -14  ^5  + 14  J6 

Sf  (l  +  3£7-  3£,+  3J7-3J5)  le 
1  +  S5  +  J5 


8,-A, 
=  0 

Remembering  that  the  J  are  all  very  small,  and  noting  the  two 
equations  on  page  607  and  also  the  equation  formed  by  their  difference, 
the  equations  just  written  may  be  reduced  to: 
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1  ^S'{Sb-SCs)1  1    ^S'(SL^Sc)l 

~62 A -I,*-      A 

7^(7^-7^4-^^x14^^      7^(7J7-7J4-2-|±^|   xHJ,)/„ 
24-14£5  24  -14% 

|^(7Ja-7J,-17^x86JB)^      7^(7J7-7J,-|±^|   x  35^5)  ^ 
75+35#5  +  -  75+35&" 

4  - 14& 
7Sc(-745+746  -  g  _  14fl^  X  1444)  Zc      7ff.(-74+ 74-144)  lc 

+  "  8-14£7  8-14£7 

7^(74-74+^|§  X  144)/.      7^(74-74-§^§  X  144)  h 
48  -  14S5  + 48-14$,° 

^5-34-^f  x4)i  s^3Jr  W  x  Js)  , 

2& 

(4-4+^x4)^  (4-4+24K 

+~    —§, +      w~ 

=  o  =0 

1     v  S '  (SLR  -  Sr)  I 

~  tf  A 

7^a(74  -  74  -  ^^T  x  144)  la 


24-14£5 

TaL(7^-7J,-g  +  7^^x8BJJt 

75  +  35£, 

1SC{  -  1A,  +  74 -  ^US^ X "4)  '" 
+  ~  8  -  14& 

rrct  in    i       n  a       H  ~1~  7o7  —  7&        .,  .     ... 

7^(74-74 48-14&     X  14J«)/f' 

+  ~  48  -  14£5  ° 

^(34-34 -1  +  y-^x  4K 

(J7-4  +  ^x^)/. 

-1 5z 

£7 
=  0. 
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These  are  three  linear  equations  between  the  four  quantities  4,  4, 

4;  and  A~. 

Putting  in  the  numerical  values  of  Sa,  S,,,  Se,  S,„  Se,  l„,  lb,  /,.,  ltl,  l,„ 

/.,  and  of  S5  and  S7,  these  equations  may  be  reduced  to  the  numerical 

equations : 

4  +  4.264;  —  5.294  =  0  1  f   4  =  +  1.4J, 

4  +  0.82  J,  +  0.094;  —  3.214  =  °  I  which  give  \     4  =  +  1.5z/7 
4  —  3.9245  —  0.184;  +  3.904  =0  J  [    4  =  +  I.94. 

Thus  the  J  are  all  +  as  stated.     But  this  change  then  increases  all 

of  the  designing   stresses  Sn      ,  S,,    ,  Sr  ,  S,,       ,   S,    ,  and  8,  ,    and 

ch         r        ^         en  R  L 

therefore  increases  the  material  employed. 

Now,  consider  the  similar  equations  between  the  loadings  R  and 

CR,  LR  and  C,  and  R  aud  LR  in  the  second  case,  when  z/5  is  — ,  and 

<t,  b,  d  and  e  are  designed  under  CR,  and  c  and  z  under  LR.     We  may 

at  once  write  them  down  in  the  second  form,  the  change  being  simply 

replacing  4  ^°J  —  ^6  an^  ^i  ^7  —  ^7  where,  in  the  brackets,  these 

have  a  fraction  for  a  coefficient.     We  have: 

1  ^   S'(Sr-SCr)1  1   ^S'(Slb—8c)1 

6         ~  A  6  ~  A 

^  7^(7J5-7J6+^|xl4J8)/a     ^  7£a(7^7-74-2-!±lg  x  144)  h 
24  - 14£5  24 -14s/ 

tcw„   ,       „    ,      .      10+14&  OF     ,,, 

"1"  75  +  35&  -I /t>+do^5 

75+35<S'- 

,  ^-T4ri-T4rf|^XU4,M,        J^-T^+T^+U^R 
+  8-14S,  +  8-146'7 

4  -  14& 


48-14/?5 +  . 


48  - 14£5 

■v  (34-34+^|+4)^  4+6* 

+  -  i+V"  ^(3^7-34+  fj^  x  4)  i„ 

(4^4.-4*5+^)4 

+ ^ (4-^-24)4 

=  0  =0 
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1      S'(Slr-Sr)1 
6  A 

7Sa  (7^7- 7 J5  -  -:t24±i4^J  x14^  l» 


-US5 

■76 

■  + 
75  +  35S5 


+ 


7SC  (-  7  J7  +  7z*5  + 1^§^5  X  14  J7)  *c 
+  ~~  8-l4S7 

TN,,^^^^-11^^  X  14z/0)  la 
+  ~  48-14£5 

+  _  1+^5° 

+   


s7 

=  0 

These  give  three  linear  equations  between  the  four  quantities  Av  A5t 
A6  and  A.,  which  may  be  reduced  to  the  numerical  equations: 

j       0.687z/,  — 0.177z/-  =  0  ! 

A,  —  0. 230  J0  —  0. 313z/7  =  0  r  ^^c^  g^e .... 

A5  +  0.04145  —  0. 744 A7  =  0  J 

|   J6  =  +  0.78J7      ^7=^g   4i  =  +  l-^4; 
-I,   J5=+0.71z/7 
J4=+0.49J7 


Tlius  the  A  are  all  of  the  same  sign,  or  negative,  and  a,  b,  dand  e  have 
their  greatest  stresses  under  CR,  and  c  and  z  theirs  under  LR,  as  stated. 
The  changes  in  volume  due  to  a  change  At.  (increased  compression  in  z 
under  ( '  E)  are: 
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Volume  of  b  increases  S'b  l,,<d6—  =  2.50J,;  — 

1      , „  ™  ,    1 


S'eleJ6~=15.80J,-6 
S\.lJ.-=   2.854 - 


21.154- 

b  6 


"  2  (b  +  c  ±e)  increases  =  42.304- 

"  z  "  LJ7  -  =  12.80  4,- 


"         "  2  (6  +  c  -|-  e)  -\-  z  increases  55.104  — 

Volume  of  a  diminishes  Srnl„/1R  —  =  9.08//,:  — 

a  a    °  6  6 

"      «    d  "  ^4,^  =  8.124-1 


17.20J6i 


"2  (a  +  d)  diminishes    =  34.404- 

Thus  this  variation  also  increases  the  material  used,  the  saving  of 
material  on  the  bars  a  and  d  being  considerably  more  than  offset  by  the 
increased  material  in  the  bars  b,  c,  e  and  z.  Thus  the  indeterminate 
solution  we  have  found  is  at  a  point  of  discontinuity  which  is  a  point 
of  greatest  economy.  Now  it  is  readily  shown  that  a  larger  primary 
stress  in  z  is  always  less  economic,  and  simple  investigation  shows 
that  the  smaller  the  primary  tension  in  z  and  therefore  the  greater  its 
greatest  compression,  the  less  saved  on  the  bars  a  and  d  compared 
with  that  expended  on  the  bars  b,  c,  e  and  z.  This  solution  is  therefore 
the  most  economic  symmetric  solution;  and  as  investigation  shows 
that  unsymmetric  solutions  are  less  economic  than  the  symmetric,  we 
may  conclude  that  the  design  obtained  is  the  most  economic  solution 
of  the  given  two-hinged  arch  for  the  given  loadings,  on  the  basis  of  a 
uniform  greatest  mean  stress  in  designing. 
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N.nv,  the  economic  superiority  of  this  most  economic  indeterminate 
design  over  the  simple  determinate  design  (the  three-hinged  arch),  is  but 
some  3J%  (see  page  608).  Such  a  small  saving,  if  all  other  things  were 
equal,  would  hardly  be  worth  the  labor  of  seeking;  but  we  recognize 
that,  aside  from  the  difficulty  of  determining  the  design,  other  things 
are  not  at  all  equal,  for,  to  actually  realize  the  stress  distribution 
calculated,  so  accurately  as  to  really  preserve  the  Sh%  advantage, 
extremely  accurate  and  therefore  expensive  work  would  be  necessary, 
and  also  very  rigid  and  therefore  expensive  abutments.  Then,  once 
constructed,  no  set  may  occur  under  use,  or  conditions  would  not  be 
maintained  as  supposed;  and  last,  but  not  least,  changes  in  tempera- 
ture are  not  allowable  since  they  would  greatly  change  the  stresses. 
Thus,  with  E  =  30  000  000  lbs.  per  square  inch  and  6  =  10  000  lbs. 
per  square  inch,  a  change  of  0. 064  ft.  in  the  span  would  cause  a  stress- 
of  P  in  the  bar  z,  and  the  corresponding  stresses  in  the  remaining  bars 

6- 
(see  Fig.  3   or  Fig.  9).     With  a  coefficient  of  expansion  of  -.  onnnna 

per  degree  Fahrenheit,  100°  Fahr.    would  correspond  to  a  change  in 

,  6i  X  100  X  40 

span  of        ,  nnn  r>r>, =  0.4  X  0.065  ft.,  or  A  P  stress  m  z,  nearlv. 

1  000  000  >  j 

This  result  is  shown  in  Fig.  15.     And  while  100°  Fahr.  change  from 

the  mean   (that  is    200° 

Fahr.  range  of  tempera- 

tiire),  may  be  excessive, 

even  if  we  take  only  half 

that  or  50°  Fahr.  change 

(100°   Fahr.    range),    we 

get  temperature  stresses    of  half  those  shown  in  Fig.  15  which,   by 

comparison  with  those  in  Fig.  13,  we  see  are  some  45%  of  the  greatest 

stress  in  z,  22%  of  that  in  e,  20%  of  that  in  c,  11%  of  that  in  a,  10%  of 

that  in  b,  and  6%  of  that  in  d.     That  these  stresses,  absent  from  the 

three-hinged  arch,   turn  the  balance  completely  in  its  favor,  many 

times  offsetting  the  3.!%  economy  in  the  two-hinged  arch  found  by 

neglecting    temperature    changes,    is    self-evident   to    any    impartial 

student  of  the  subject. 

Finally,  we  may  note  that  even  the  %\%  theoretic  advantage  of  the 

two-hinged  arch  can  be  exceeded  without  the  use  of  indeterminate 

construction  through  the  use   of  what  has   elsewhere   been    termed 

"multiple  construction."     Thus  we  have  the  three-hinged  arch  design 


Temperature  stresses  for  -I- 100  Fahr. 
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of  Fig.  16,  capable  of  supporting  all  the  loadings  except  L  G  R  with 
stress  6    or   less    (see  Figs.  4,  5,  6  and  7).     For  the  load  L  G  R  we 

P 

introduce  a  bar  z  of  area  f — ,  give  the  junction  of  the  bars  a,  and  a,. 

freedom  to  move  vertically  with  respect  to  the  junction  of  the  bars 
b,  and  br,  and  load  the  junction  of  a,ar  with  f  P,  and  the  junction  of  b,br 
with  the  remainder  or  f  P.  The  resulting  stresses  in  this  framework, 
which  is  statically  determined,  are  shown  in  Fig.  17.  We  see  that 
these  stresses  are  equal  to  or  less  than  the  designing  stresses  shown  in 
Fig.  16.  The  construction  permitting  of  this  might  be  any  such  as 
would  ordinarily  leave  z  unstressed,  but,  as  by  the  insertion  of  a  wedge, 
cause  it  to  take  compression  when  desired,  while  the  joint  of  atar 
could  at  the  same  time 
be  freed  from  the  joint 
of  b,br,  say  by  removing 
another  wedge.  But  it 
suffices  to  note  that  the 
construction  is  possible ; 
with  the  mechanical  de- 
tails we  are  not  here 
concerned. 

The  volume  of  ma- 
terial here,  as  shown 
under  Fig.  17,  is  some 
\\%  less  than  that  re- 
quired by  the  most  eco- 
nomic indeterminate  de- 
sign. Very  possibly  other  multiple  determinate  designs  might  be  found 
with  still  somewhat  more  economy  of  material.  But  with  these  we 
need  not  concern  ourselves,  the  essential  point  being  simply  that,  as 
has  been  stated  previously,  there  will  be  some  statically  determined 
method  of  solution  more  economic  than  any  indeterminate  solution, 
even  on  the  theoretic  conditions  most  favorable  to  the  latter.  It  is 
not  intended  to  intimate,  however,  that  these  multiple  determinate 
solutions  are  in  general  desirable  substitutes  for  the  simpler  but  less 
economic  single  determinate  solutions.  The  multiple  solutions 
present  more  or  less  considerable  mechanical  difficulties  in  their 
adaptation   to    practical   use,    and   while  these    difficulties    are   not 


Bar 


a 


b      c      a 

Volume  15.57-£  5.38-^1.91^  27.85^ 
6         6         6  6 

Bar  e  z         Total 

Volume  15.81^2.86-^  135.84^ 
6  6  6 
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insuperable,  in  fact,  perhaps,  are  less  considerable  than  the  exact  con- 
struction of  an  indeterminate  framework,  they  would  probably  pre- 
vent their  use  where  the  saving  was  not  considerable.  In  a  case  hke 
the  present,  where  the  saving  would  be  but  some  5%,  it  is  hardly  likely 
that  they  would  be  used. 

This  simple  example  of  the  indeterminate  arch,  although  valueless 
as  a  design  because  of  the  neglect  of  post  formulas,  as  a  comparative 
study,  is  affected  little  by  such  considerations,  and  illustrates  very  well 
certain  points  in  economic  design.  While,  theoretically,  the  indeter- 
minate framework  may  give  a  more  economic  design  for  several 
loadings,  than  does  any  single  determinate  framework  of  included 
figure,  the  amount  of  such  theoretic  advantage  is  considerable  only 
in  most  extraordinary  cases;  and  there  it  would  probably  pay  to  use 
a  multiple  determinate  design  which  would  be  still  more  economic. 
In  all  cases  where  the  figure  of  the  simple  determinate  design  closely 
approximates  to  the  figure  of  the  indeterminate  design  the  theoretic 
advantage  possible  through  using  the  latter  will  certainly  be  insig- 
nificant. Actually,  owing  to  temperature  stresses,  etc.,  that  advan- 
tage will  not  exist  at  all.  Again,  as  the  structure  becomes  larger,  and 
the  variations  of  stress  due  to  variable  loadings  affect  smaller  and 
smaller  parts  of  the  structure  to  a  sensible  degree,  the  possible 
economy  of  indeterminate  construction  proportionally  diminishes.  It 
may  safely  be  assumed  that  in  actual  structures  (as  arches  and  sus- 
pension bridges),  a  theoretic  advantage  of  even  5%  cannot  exist  in 
the  most  economic  indeterminate  design  over  the  most  economic 
determinate  design  of  included  figure,  even  when  temperature  stresses 
are  neglected.  It  is  doubtful  if  ordinarily  \%  economy  could  be 
found;  and  temperature  stresses  alone  would  offset  such  advantages 
several  times  over  in  all  cases.  This  illustration,  then,  definitely  con- 
linns  the  view  that  the  use  of  indeterminate  frameworks  is  certainly 
not  advantageous  from  an  economic  standpoint,  nor  apparently  from 
any  other  standpoint. 
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The  following  is  a  brief  outline  of  the  methods  and  results  of  a 
systematic  study  of  data  taken  on  the  Mississippi  Biver  and  its  tribu- 
taries. The  system  of  rivers,  the  principal  drainage  divisions  and  a 
number  of  locations  to  which  it  will  be  necessary  to  refer,  are  shown 
on  the  map  (Fig.  1). 

As  the  writer  is  satisfied  that  this  study  has  now  reached  such  a 
point  that  it  will  enable  river  engineers  to  see  clearly  what  observa- 
tions should  be  made  and  what  conclusions  might  be  drawn  from 
them,  thereby  being  the  means  of  saving  much  time  and  money,  he 
has  ventured  to  give  it  as  it  is,  notwithstanding  the  fact  that  it  contains 
a  number  of  questions  as  yet  unanswered. 

As  an  introduction,  it  may  be  noted  that,  in  working  in  an  estab- 
lished field  of  science,  the  relation  between  phenomena  and  their 
fundamental  principles  is  all  that  need  be  considered,  but  it  is  some- 
what different  where  the  phenomena  are  siniply  a  mass  of  facts  and  no 
fundamental  principles  are  given.  In  such  cases  the  first  step  is 
to  find  the  relations  between  the  given  facts;  the  fundamental  prin- 
ciples in  which  these  relations  are  included  will  come  later. 

Note.— These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published  in  a 
subsequent  number  of  Proceedings,  and,  when  finally  closed,  the  papers  with  discussion 
in  full  will  be  published  in  Transactions. 
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This  is  the  manner  in  which  this  study  was  made,  and  its  results 
here  presented.  The  data  are  subdivided  into  the  different  classes  in 
which  these  simple  relations  of  fact  were  first  sought,  and  an 
analysis  is  then  given  in  which  these  again  are  all  included  in  a 
fundamental  relation. 

In  presenting  these  relations  of  fact,  each  of  which  has  been  dug 
slowly  out  of  great  masses  of  data  on  various  rivers,  in  some  cases 
covering  periods  of  half  a  century,  the  writer  has  in  each  case  used  as 
an  illustration  a  single  instance  of  the  relation  in  its  simplest  form, 
and  has  noted  briefly  the  variations  from  this  simple  form  which  may 
occur,  and  their  causes.  Thus,  the  relation  between  the  gauge  read- 
ings along  the  river  for  its  own  floods  is  one  of  these  primary  relations, 
while  the  effects  of  a  flood  out  of  a  tributary  between  any  two  of  the 
gauges,  or  the  cutting  through  a  bend  and  the  total  change  of  channel 
near  one  of  them,  are  considered  as  variations. 

Anyone  may  test  the  relation  easily,  by  referring  to  the  published 
data  in  the  cases  given;  but,  after  that,  it  should  be  understood  that 
the  relation  is  not  to  be  discredited  by  selecting  other  periods,  in  which 
it  is  not  so  simple,  without  at  the  same  time  considering  their  varia- 
tions. The  whole  conclusion  lies  often  in  hundreds  and  sometimes 
even  in  thousands  of  plates  of  data,  which,  of  course,  cannot  be  given 
here,  and,  so  far,  the  writer  must  be  trusted.  The  test  comes  in  the 
application  of  the  final  analysis,  and,  if  this  bears  the  test,  it  will  not  be 
necessary  for  anyone  else  to  go  through  again  the  laborious  process 
which  he  has  had  to  follow. 

Slope  and  Section  Data. 

It  is  not  the  purpose  here  to  attempt  to  add  anything  to  the  data  or 
the  theory  of  velocity-slope  relations;  nor,  indeed,  important  as  they 
are  to  the  engineer  who  lays  a  pipe  or  builds  a  conduit,  to  consider 
them  even  directly.  "Where  man  makes  the  form  and  sets  the  slope, 
the  resulting  flow  is  the  one  thing  that  he  wants  to  know,  but  where  the 
flow  makes  its  own  form,  and  that  a  very  irregular  one,  and  so  distri- 
butes its  slope  that  it  may  be  almost  all  concentrated  at  certain  points 
at  one  stage,  with  little  or  none  there  at  a  different  stage,  there  is  not 
much  use  in  trying  to  express  it  as  v  —  c\/ '  r~s,  for  r  and  s  are  even  more 
difficult  to  measure  than  v. 

Of  coins,   the  fall  is  determined  quite  accurately  over  long  reaches, 
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but  to  determine  the  values  of  the  mean  velocity  and  the  mean  hydraulic 
radius  which  correspond  to  it  may  require  a  year's  observations  and 
survey,  while  if  these  are  taken  in  the  selected  section  the  slope  there 
may  be  found  to  be  even  reversed,  or  the  water  surface  may  be  found 
to  slope  in  the  opposite  direction  to  the  flow.  It  is  not  at  all  impossible 
that,  taking  a  hundred  miles  of  river  a  mile  wide,  this  formula  may  in 
certain  cases  express  the  general  relations  quite  as  well  as  it  does  in  100 
ft.  of  pipe  1  ft.  in  diameter,  but  such  a  relation  in  the  river  is  wholly 
useless;  while  it  is  equally  possible  that,  if  the  relation  were  sought  in 
a  1-ft.  length  of  the  pipe,  it  would  be  found  altogether  as  erratic  as  it 
is  for  the  selected  section  of  the  river. 

True,  there  is  a  difference  between  the  foot  of  pipe  and  the  mile  of 
river;  the  theoretical  equivalent  is  probably  given  more  nearly  by  a 
relation  between  resistance  and  momentum,  or  the  lengths  of  a  fall 
equal  to  the  given  velocities;  but,  in  addition  to  this,  the  give  and 
take  of  stored  energy  in  the  river  is  to  be  considered.  The  Lower 
Mississippi  at  its  bank-full  stage  has  at  least  a  range  of  from  10  000  to 
30  000  foot-tons  in  the  energy  of  its  flow,  and  in  the  play  of  such  a 
balance  wheel  local  slope-velocity  relations  very  naturally  are  oblit- 
erated. 

Not  only,  however,  are  no  such  local  relations  to  be  looked  for  in 
rivers,  but  also,  even  if  such  a  general  relation  should  exist  at  one 
stage,  such  a  general  relation  at  all  stages  by  no  means  follows.  In 
many  cases  the  alternations  of  pool  and  bar  at  low  water  do  not  differ 
greatly  from  a  chain  of  small  reservoirs,  each  emptying  through  a 
weir  into  that  below  it;  and  in  that  case  the  level  and  the  discharge  of 
each  are  not  affected  in  the  least  by  the  vertical  distance  which  one 
may  be  put  below  the  other.  True,  they  may  wear  under  the  fall, 
unless  the  pool  is  deep  enough  and  the  material  is  stable  enough,  but 
the  only  slope  relation  there  is  this  limiting  relation  with  the  size  of 
the  pools  and  the  character  of  the  bottom. 

V\  here  the  bed  is  unyielding  and  such  a  condition  has  simply  been 
formed  in  the  slow  process  of  geological  periods,  the  discharge  from 
pool  to  pool  is  no  function  of  slope  whatever,  but  a  function  of  stage. 
Were  the  connections  plain  weirs  of  given  forms,  it  might  be  calcu- 
lated for  any  level,  but  as  it  is  more  in  the  nature  of  a  chain  of  drowned 
wens  of  very  irregular  forms,  the  only  way  to  get  it  is  to  measure  it. 
In  either  case,  however,  it  is  wholly  independent  of  the  different  slopes 
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between  the  rising  and  falling  river,  and  it  is  determined  solely  by  the 
pool  level. 

But  the  concentration  of  slope  between  the  pools  at  low  water  may 
be  entirely  reversed  at  high  water,  and  the  narrow  sections  there  con- 
trol the  flow  into  the  series  of  shallower  but  broader  levels  between 
them;  or  in  this  case,  the  type  of  control  has  passed  from  that  of  a, 
horizontal  weir  to  that  of  a  vertical  orifice,  but  one  is  just  as  arbitrary 
and  just  as  independent  of  general  slope  as  the  other. 

However,  in  passing  from  one  of  these  extremes  to  the  other,  the 
river  would  pass  through  a  stage  where  something  like  a  general  slope 
relation  might  be  said  to  control  the  flow;  and  here  it  would  probably 
have  a  larger  discharge  on  the  rising  river  and  a  less  discharge  on  the 
falling  river,  each  in  some  proportion  to  the  rapidity  of  the  rise  or 
fall.  And  this  is  the  only  point  in  such  a  river  where  Telocity-slope 
relations,  even  if  they  could  be  found,  would  have  any  application 
whatever  to  its  phenomena. 

It  may  be  well,  finally,  to  note  distinctly  that  the  physics  of  such 
a  river  may  be  thoroughly  known  and  fully  understood,  but  this  would 
hardly  be  called  hydraulics;  for,  in  the  main,  it  begins  and  ends  in  a 
system  of  observed  facts,  and  conventional  hydraulics  throws  not  a  ray 
of  light  on  the  actual  proportion  in  which  its  elements  should  stand ; 
they  have  all  simply  to  be  measured. 

So  much  for  the  river  which  is  not  alluvial ;  what  follows  will  deal 
strictly  with  the  alluvial  river,  where  the  flow  handles  readily  the  mate- 
rial of  its  bed.  In  such  a  river,  then,  that  limiting  relation  referred  to, 
of  its  slope  with  its  form,  is  an  actual  one.  In  simple  cases,  this  is 
easily  made  a  subject  of  experiment.  If  material  from  the  bed  of  any 
such  river  is  put  on  an  inclined  plane,  a  straight  channel  made  through 
it,  and  if  a  given  flow  which  will  move  the  material  is  turned  into  it, 
it  will  reshape  its  section  until  it  takes  one  EXPERIMENTAL  SECTI0Ns 

and  only  one  form  for  a  given  inclination.  DlvSv=o?9c^ 7er1econdTE 

Two  sections  from  such  a  series  of  experi-  slope  =  0.0037 

ments  made  bv  the  writer  are  given  in  Fig.  2 

SLOPE  =  0.  0097 

to  show   this  effect  of   slope   on    a   straight        '  

channel.     They  serve  very  well  to  illustrate 

the  wide  difference  in  the  types  of  different  rivers  and  its  cause  from, 
say,  the  Platte  River  at  one  extreme,  where,  with  a  fall  of  some  6  ft.  or 
more  to  the  mile,  it  simply  runs  over  the  surface  of  the  country,  to 
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the  Lower  Mississippi  at  New  Orleans  at  the  other,  where,  with  little 
or  no  slope,  it  maintains  channel  depths  100  to  200  ft.  below  the  Gulf 
level. 

But  alluvial  rivers  are  not  straight,  and  neither  would  these  experi- 
mental sections  remain  so.  Such  an  equilibrium  is  simply  a  balance 
of  forces,  and  is  not  necessarily  the  only  one  or  the  most  stable  one. 
Indeed,  as  the  higher  slopes  are  experimented  with,  the  equilibrium 
of  the  straight  reach  is  seen  very  clearly  to  be  less  and  less  stable.  It 
still  marks  a  well-defined  point  in  the  experiment  at  which  the  flow 
can  be  cut  off  and  the  section  measured,  but  at  the  extremes  there  is 
reallv  no  time  when  the  movement  of  material  in  the  straight  reach 
can  be  said  to  have  absolutely  stopped  everywhere,  and  it  goes  on  to 
the  formation  of  bends  and  crossings,  each  with  more  or  less  accident 
in  its  location,  with  hardly  a  pause  at  this,  its  first  and  simplest  but 
less  stable  form  of  equilibrium. 

With  a  given  discharge  and  slope,  the  equilibrium  of  the  straight 
reach  has  the  advantage  of  being  everywhere  an  identity  of  form 
which  may  be  reproduced  readily  and  recognized  easily.  But  though 
its  final  equilibrium  is  not  an  identity  of  form  anywhere,  and  its  acci- 
dental distribution  of  bends  and  crossings  cannot  be  reproduced,  as  a 
whole,  it  is  no  less  certainly  an  identity  of  effects  for  the  same  causes. 

But,  even  with  all  the  freedom  in  the  variations  of  bend  develop- 
ment which  the  final  equilibrium  offers,  this  is  but  the  element  of  the 
actions  which  are  going  on  in  the  alluvial  river.  For  a  given  discharge, 
the  bed  is  everywhere  adapting  itself  to  the  given  slope,  while  read- 
justing this  slope  over  pools  and  bars  to  its  most  stable  equilibrium, 
but  the  river  in  its  season  has  all  discharges  from  its  high-water  to  its 
low-water  extremes,  and  different  extremes  in  different  seasons;  and 
as  these  all  work  each  other  over,  and  the  results  of  all  are  over- 
laid in  the  existing  conditions  at  any  time,  they  very  naturally  pro- 
duce the  endless  change  of  section  and  the  infinite  variety  of  form 
which  are  found  in  the  river,  the  special  studies  of  which  are  perhaps 
as  fruitless  as  the  study  of  the  differences  which  may  be  found  in  the 
leaves  of  the  same  tree. 

To  measure  this  up  with  anything  like  thoroughness  in  a  large 
river,  in  the  first  place,  requires  a  great  deal  of  field  work,  and  then 
begins  the  difficulty  of  knowing  what  to  do  with  it.  The  general  type 
of  the  river  and  the  geographical  outlines  of  its  bend  development 
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are  evident,  while  the  distribution  of  slope  resulting  therefrom  may 
be  followed  roughly  through  the  different  forms  of  the  river  in  its 
pools  and  crossings.  But,  to  go  further  and  try  to  express  it  in 
systems  of  averages,  or  to  follow  the  general  method  of  compiling  it 
all  in  the  elements  of  cross-sections,  can  hardly  be  said  to  have  been 
found  to  be  satisfactory,  either  theoretically  or  practically.  The 
phenomenon  is  some  form  of  sequence  which  no  known  elements  fully 
express,  while  to  average  things  which  are  necessarily  different  is  to 
obscure  their  meaning  more  or  less. 

However,  it  is  important  to  note  here  certain  facts  in  regard  to 
cross-sections.  On  the  Lower  Mississippi,  where  they  have  been 
studied  most  thoroughly,  it  is  plain  that  the  cross-section  at  any 
point  may  not  represent  the  bed  of  the  river  there  within  the  limits 
of  some  8  or  10  ft.  That  is,  the  mean  elevation  of  the  bottom  on  this 
line  may  have  such  a  variation  from  time  to  time,  while  neither  the 
general  regimen  of  the  reach  nor  the  surface  level  of  a  given  stage 
there  have  changed  perceptibly.  Perhaps  a  special  term  is  needed 
here  to  indicate  this  bed  of  the  river,  which,  for  a  given  flow,  certainly 
determines  the  surface  level,  and  it  will  be  called  in  this  sense  the 
"  bed  in  train." 

So  long  as  the  surface  level  of  a  given  stage  does  not  change  in  any 
reach  of  river,  the  bed  in  train  under  it  certainly  remains  the  same. 
But  when  the  mean  depths  of  the  cross-sections  are  plotted  as  eleva- 
tions of  mean  bottom  on  the  same  profile  as  this  surface,  they  are 
generally  found  to  be  very  irregular;  they  have  sharp  ups  and  downs 
of  some  10  ft.  or  more,  while  the  corresponding  surface  changes  are 
measured  in  tenths  or  even  hundredths  of  a  foot.  And,  finally,  with 
no  change  whatever  in  the  regimen  of  the  reach,  when  one  or  more  of 
the  same  sections  are  re-sounded  from  time  to  time,  and  their  mean 
bottoms  show  just  a  like  variation  of  level,  there  is  no  room  left  for 
the  least  doubt  that  the  data  of  sections  has  simply  an  accidental 
divergence  from  the  bed  in  train  of  fully  this  amount. 

Indeed,  the  more  thoroughly  the  bottom  of  the  river  is  known,  the 
more  this  accidental  variation,  which  really  means  nothing,  is  recog- 
nized. At  high  water  sand  waves  10  or  15  ft.  high  may  be  formed 
here,  while  there  eddies  may  be  cutting  great  holes  in  the  bottom; 
and,  with  no  change  in  the  general  conditions  of  a  reach,  the  bottom 
at  a  fixed  point  in  the  Lower  Mississippi  may  be  found  at  elevations 
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differing  by  as  much  as  20  to  30  ft.,  and  the  mean  bottom  of  a  line 
across  it  by  at  least  8  or  10  ft.  In  smaller  rivers  these  Limits  are,  of 
course,  correspondingly  less,  but,  with  their  higher  slopes,  such 
changes  may  be  even  more  sudden  and  erratic. 

It  is  very  evident,  then,  that  the  bottom  anywhere,  which  at  that 
point  represents  a  real  value  of  the  sequence  of  phenomena  in  a  river, 

ARKANSAS  CITY 

1879 
SPECIAL  SURVEY 


miles  from  cairo 
Fig.  3. 


is  something  altogether  larger  than  the  bottom  on  a  line  there,  say, 
half  a  mile  across  it,  or  a  like  line  in  any  other  direction.  The  local 
cross-section  should  doubtless  have  the  most  weight,  but  the  bed  in 
train  is  a  part  of  the  condition  for  some  distance,  both  above  and 

below  it. 
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Some  effort  lias  been  made  to  bring  the  cross-section  data 
together  in  this  form.  Taking  their  elevations  of  bottom  in  continu- 
ous means  of  threes,  dropping  out  an  upper  one  and  taking  in  the 
next  lower  one  at  each  step,  and  again  repeating  the  same  process  on 
these  first  means,  generally  succeeds  at  last  in  reducing  it  to  a  fairly 
regular  sequence;  and  it  certainly  has  the  merit  of  bringing  the  results 
of  a  great  mass  of  data  together  into  a  very  simple  form  in  which  they 
can  be  seen  as  a  whole  and  compared  with  other  cases. 

The  results  of  a  hydrographic  survey  on  the  Lower  Mississippi  in 
the  vicinity  of  Arkansas  City,  shown  in  Fig.  3,  will  serve  to  illustrate 
this.  The  dashed  line  of  mean  bottom  is  the  special  sequence  deduced 
by  this  process  of  lapped  means,  while  the  line  joining  the  plotted 
points  shows  the  local  irregularities  in  the  cross-sections.  Each  of 
these,  however,  in  this  case;  is  in  general  the  average  of  two  or  more 
sections  often  with  fifty  or  more  located  soundings  to  each;  and, 
altogether,  they  have  less  of  this  accidental  variation  of  bottom  than 
any  of  the  like  data  which  the  writer  has  yet  worked  over. 

Either  of  these  lines  of  mean  bottom  shows  the  pool  and  bar  forma- 
tion of  this  reach  very  well.  It  should  be  noted,  however,  that  prob- 
ably neither  of  them  shows  to  its  full  height  the  crest  of  the  bar  which 
really  controls  the  level  of  the  upper  pool  at  low  water,  while  in  the 
shorter  bars  of  smaller  rivers  their  failure  in  this  respect  would  very 
probably  be  even  greater. 

This,  however,  is  about  as  far  as  the  direct  study  of  form,  in  an 
alluvial  river,  has  been  carried,  and,  as  before  stated,  it  does  not  seem 
that  much  is  to  be  gotten  in  this  process  of  trying  to  understand  the 
river  from  the  bottom  up.  Practically,  every  step  which  the  writer 
has  made  in  river  hydraulics,  has  been  made  in  studies  following 
exactly  the  opposite  process  ;  but  before  taking  up  these,  in  which  the 
whole  point  of  view  will  be  simply  reversed,  there  is  a  generalization 
which  the  hydrographic  surveys  give,  and  which  perhaps  here  it  may 
be  best  to  state. 

This  generalization  rests  on  the  observed  fact  that  the  average  an- 
nual caving  in  of  the  banks,  over  hundreds  of  miles  in  some  of  the 
rivers,  is  at  a  rate  which  would  altogether  fill  them  up  in  a  lifetime ; 
and  it  follows  that,  for  the  river  to  maintain  its  channel  in  such  a  case, 
as  it  does,  there  must  be  going  on  annually  some  equal  and  opposite 
process  of  clearing  this  out.     This  simply  considers  a  lateral  action 
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whatever  the  movement  of  material  in  the  direction  of  flow  may  be, 
when  a  reach,  say  like  that  of  the  Lower  Mississippi  from  White  River 
to  Vicksburg  is  taken,  nearly  a  mile  wide  and  some  200  miles  long,  the 
difference  between  the  material  which  comes  in  at  the  upper  end  and 
that  which  goes  out  at  the  lower  would  certainly  have  no  appreci- 
able effect  on  such  a  prism  ;  while  the  bank  erosion  there  is  not  far 
from  a  till  of  1£  ft.  annually  over  this  whole  bottom.  The  clearing 
out  of  this  quantity  annually  is,  therefore,  necessarily,  the  work 
simply  of  a  lateral  resultant. 

How  and  when  it  may  act  will  be  better  understood  later.  It  is 
enough  here  to  know  that  its  action  is  a  fact.  It  is  not  deduced  from 
experiments  on  slope  equilibriums,  nor  found  directly  in  the  forms  of 
cross-sections.  But,  certainly  in  that  light,  much  which  has  been  said 
about  alluvial  rivers  filling  themselves  up  with  the  matter  which 
they  carry  in  suspension,  is,  to  say  the  least,  trivial.  The  difficulty 
which  the  water-works  engineer  has  in  getting  the  suspended  matter 
out  of  the  river  water  when  once  it  has  gotten  into  it,  does  not 
encourage  the  idea  that  any  great  additional  load  will  be  thrown  on  the 
lateral  resultant  from  this  cause. 

While  a  river  in  all  its  upper  part  may  be  cutting  down  its  bed,  in 
the  slow  process  of  geological  periods,  undoubtedly  in  its  lower  alluvial 
part  it  may  be  building  it  up  by  the  same  process,  and,  with  its 
alluvial  part  relatively  short,  this  action  may  be  even  appreciable  in 
the  course  of  centuries;  but  in  systems  where  the  alluvial  reaches  ex- 
tend up  for  thousands  of  miles,  it  seems  hardly  worth  considering, 
and,  certainly,  not  to  the  exclusion  of  the  equally  palpable  fact  that  the 
alluvial  river  is  also  keeping  its  bed  down,  or  otherwise  its  channel 
would  till  up  by  the  fall  of  material  into  it,  and  this  also  in  periods 
which,  in  comparison  with  the  other  action,  are  relatively  immediate 

Discharge  and  Gauge  Data. 

Having  come  now  to  the  point  at  which  is  recognized  the  difficulty 
of  getting  anything  satisfactory  out  of  the  cross-sections  to  express 
for  a  given  stage  the  bed  in  train  it  is  proposed,  in  what  follows, 
siin ply  to  take  a  surface  measure  for  it.  Laws  of  flow  are  there, 
whether  or  not  they  are  known,  and  in  these  laws  the  bed  determines 
the  surface.  Either  can  be  taken  as  a  measure  of  the  other,  and  the 
question  of  how  this  measure  is  to  be  interpreted  can  be  considered  later. 
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Iu  any  case,  if  the  flow  into  and  out  of  a  given  reach  is  the  same 
and  the  surface  level  is  fixed,  there  is  just  so  much  water  there  all  the 
time,  and  the  bed,  as  a  whole,  is  equally  fixed  under  it.  In  the  allu- 
vial river  this  may  be  only  an  instantaneous  equilibrium,  neither  the 
bed  nor  the  surface  may  remain  fixed,  and  the  surface  especially  may 
be  changing  on  account  of  changes  in  the  amount  of  water  flowing. 
There  are  also  reasons  for  thinking  that  it  may  change  on  account  of 
changes  in  the  conditions  of  flow  attending  the  rise  or  fall  of  the  river, 
or  the  entrance  of  floods  from  tributaries;  but  if  none  of  these  will 
account  for  a  change  found  in  the  surface,  it  must  be  accounted  for  by 
a  change  in  the  bed  of  the  river  under  it. 

The  first  thing  required,  however,  to  identify  this  surface  measure, 
is  to  determine  the  flow  which  corresponds  to  it.  If  the  river  is  on  a 
stand  through  a  given  reach,  with  discharge  everywhere  the  same,  its 
surface  level  may  be  said  to  measure  everywhere  the  bed  under  it; 
but  this  alone  gives  nothing  which  can  be  brought  into  comparison 
with  any  other  part  of  the  river,  or  indeed  with  the  same  river  at 
another  time.  But  when  the  discharge  is  also  known,  and  the  reach 
comes  back,  say  after  a  flood,  to  the  same  discharge  with  a  different 
surface  level,  this  gives  an  absolute  measure  of  the  changes  which 
have  taken  place  in  the  bed  of  the  river  at  that  stage,  though  as  yet 
this  measure  may  not  be  interpreted. 

At  any  location  on  the  river,  where  a  gauge  record  is  kept,  the 
readings  give  the  surface  levels  from  day  to  day  through  all  the 
changes  of  the  seasons,  but  to  use  these  for  the  purposes  in  hand, 
or  as  given  stages  in  that  river,  it  is  also  necessary  to  know  the 
discharges  that  go  with  them.  This,  of  course,  is  the  primary 
purpose  of  discharge  data  and  the  first  thing  to  be  considered  in  its 
study. 

The  observed  values  of  discharge  are  plotted  as  abscissas  to  the 
gauge  readings  at  the  time  of  the  observation  as  ordinates,  and  give 
what  is  called  the  discharge-gauge  relation  there.  They  show,  as  a 
whole,  the  increasing  discharge  capacity  of  the  river  from  low  water 
up,  which  may  be  expressed  graphically  by  a  mean  curve  drawn 
through  the  plotted  points,  or  mathematically  by  an  empirical 
equation.  This,  called  in  general  simply  a  discharge  curve,  is  taken 
for  the  scale  of  stage  at  that  location.  Some  of  the  discharges  may 
be  below  this  mean  curve,  some  above  it.     Barring  errors  of  observa- 
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tion,  these  are  different  levels  of  a  given  stage,  and  mark  either  a 
change  there  in  the  conditions  of  flow  or  bed  changes. 

Of  course  no  scale  of  stage  in  any  river  has  an  absolutely  deter- 
mined zero;  the  lowest  low-water  is  as  far  down  as  it  may  be  followed. 
In  the  same  way,  whether  it  is  given  by  a  graphic  curve  or  an  empiric 
equation,  it  has  a  physical  limit  at  the  top  of  the  banks,  or  the  level  of 
overflow;  it  may  in  cases  be  more  or  less  continuous  above  this  level, 
or  it  may  be  altogether  different.  But  between  these  limits  it  is  a 
given  absolute  measure  of  all  the  average  or  normal  physical  and 
hydraulic  properties  of  the  river  at  that  location. 

How  this  scale  is  to  be  marked  is  still  a  matter  of  convenience.  At 
any  point  in  the  river  it  is  simply  a  range  of  level  between  low  and 
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Fig.  4. 
high  water,  with  a  given  range  of  discharge  corresponding  to  it. 
Drawn  with  a  general  characteristic  of  the  Missouri  Eiver,  but 
without  any  necessary  reference  to  any  river  whatever,  it  is  shown 
in  Fig.  4,  with  some  of  the  forms  of  marking  which  have  been  taken 
in  different  uses  of  it. 

Where  either  the  gauge  or  stage  scale  is  used,  the  normal  discharge 
curve  corresponding  to  it  is  given  at  the  beginning,  and  after  that  the 
stage  is  simply  taken  in  feet  and  fractions  with  the  given  values  of 
discharge  understood.  The  discharge  scale  has  the  advantage  of 
bringing  together  the  two  elements  which  define  the  given  stage 
there,    but    it   does   not   give   their  coincident  values    so  accurately 
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everywhere.  On  it  here  the  discharge  is  marked  in  thousands  of 
cubic  feet  per  second,  a  unit  in  which  it  will  be  generally  expressed. 

While  each  of  these  methods  of  marking  the  given  stage  has,  as 
will  be  seen,  its  special  field  of  uses,  in  the  immediate  study  of  the 
data,  the  gauge,  of  course,  is  the  first  one  that  is  taken;  but  from  the 
first,  also,  this  must  be  clearly  distinguished  from  simple  gauge 
readings,  for  they  have  in  them  as  well  all  the  variations  which  may 
occur  in  the  surface  level  of  a  given  stage  there  through  the  flood 
season.  It  is  true  that,  as  this  scale  of  stage  differs  materially  from 
point  to  point  in  the  same  river,  it  may  also  change  more  or  less  from 
time  to  time  at  the  same  point,  but  what  it  is  must  be  gotten  before 
such  changes  can  be  followed,  and  it  is  important,  in  determining 
what  it  is,  not  to  mix  it  up  at  first  with  all  the  sequence  of  bed 
changes  and  different  conditions  of  flow  which  follow  each  other  in 
infinite  variety  and  endless  succession  from  season  to  season.  These 
have  been  called  simply  changes  of  plane,  without  regard  to  their 
causes,  and  in  what  follows  they  will  be  so  designated. 

It  may  be  recognized  here  that  the  term  "stage"  is  used,  in  a 
highly  technical  sense,  as  a  standard  of  measure  in  rivers.  Without  a 
measure  for  force  or  for  heat  but  little  progress  could  be  made  in 
those  sciences,  and  some  definite  measure  is  equally  necessary  in  the 
hydraulics  of  alluvial  rivers.  In  its  general  use,  stage  refers  to  that 
range  in  a  river  between  high  and  low  water,  as  high-stage,  mid-stage 
and  low-stage,  or,  in  terms  of  gauge  readings,  10,  20  and  30-ft.  stages. 
But  these  are  plainly  very  different  things  in  a  river  say  100  ft. 
wide  and  another  1 000  ft.  wide.  This  ordinary  use  expresses  but  one 
element  of  something  which  has  at  least  another  dimension.  In 
terms  of  slope,  area  and  mean  hydraulic  radius  it  has  three,  with  none 
of  them  known  and  no  known  relations  between  them;  but  these  are 
all  summed  in  the  coincident  value  of  discharge,  which,  observed  any- 
where for  one  stage,  is  everywhere  on  the  river  for  the  same  stage, 
the  same  value. 

Expressed  in  this  scale  of  stage,  the  different  parts  of  the  river  may 
be  brought  into  immediate  comparison,  and  also  the  different  types  of 
different  rivers;  but  as  yet  it  has  had  no  special  reference  to  any  par- 
ticular river,  and  has  hardly  touched  upon  the  data  from  which  it  is 
to  be  determined.  The  mean  curve  drawn  through  the  discharge- 
gauge  relation  has  been  noted  as  giving  it,  but  this  alone  forms  only  a 
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pari  of  the  data  by  which  it  is  determined,  and  indeed  a  very  small 
part  in  its  extension  over  a  whole  river  and  the  study  of  its  general 
relations  there. 

Of  course,  this  scale  of  stage  gets  its  absolute  value  finally  from 
discharge  observations,  hut  were  not  the  relations  in  which  all  the 
different  scales  of  stage  stand  to  each  other  in  different  parts  of  the 
river  first  known,  the  study  of  discharge  data  might  very  imperfectly 
determine  it;  and  these  relations  are  almost  wholly  a  question  of  the 
gauge  data. 

Between  tributaries,  whenever  the  river  is  on  a  stand,  it  is  plain 
that  its  surface  simply  marks  its  points  of  equal  stage  on  all  the 
gauges  ;  or,  referring  to  Fig.  4,  the  low- water  reading  on  the  gauge  is 
everywhere  the  zero  of  the  stage  scale  with  a  corresponding  discharge 
of  20.  The  top  of  the  flood,  in  the  same  way,  may  mark  the  equal 
high-water  stages,  and  intermediate  stages  are  continually  being- 
given,  between  the  varying  rises  and  falls,  in  this  direct  manner. 

In  all  this  it  will  be  found  that  the  different  scales  of  stage  in  the 
same  river  in  general  stand  to  each  other  in  a  simple  ratio.  That  is, 
these  readings,  on  any  two  gauges  taken  as  ordinates  and  abscissas, 
give  a  relation  between  them  which  is  a  straight  line.  And  further, 
in  any  rise  or  fall  of  the  river,  when  a  suitable  time  is  allowed  to  let 
the  difference  of  stage  pass  from  the  location  of  the  upper  gauge  to 
that  of  the  lower,  the  readings  so  taken  mark  the  same  line  through 
the  intermediate  and  recurrent  stages  and  in  all  the  periods  of  rising 
and  falling  river. 

Fig.  5  will  serve  as  a  simple  illustration  of  this.  On  it  the  Missouri 
series  of  discharge  observations,  taken  in  1879  at  St.  Charles,  are  shown 
plotted  to  their  St.  Charles  gauge  readings,  with  the  mean  discharge 
curve  given  by  them  there  for  that  season.  With  this  also  is  given  the 
relation  between  the  gauge  readings  at  St.  Charles  and  those  taken  at 
Hermann,  69  miles  up  the  river.  In  this  the  time  interval  of  f  of  a  day 
is  allowed  for  equal  stages  to  reach  St.  Charles  from  Hermann,  and  in- 
terpolated St.  Charles  readings,  this  much  later  each  day,  are  taken  for 
ordinates  to  which  the  Hermann  readings  are  plotted  as  abscissas. 

All  the  readings  on  these  two  gauges,  from  early  in  April  to  the  fall 
low-water  in  November,  are  shown  in  the  plotted  points  of  this  gauge 
relation.  And  it  is  plain  that  for  all  values  of  discharge  correspond- 
ing to  the  St.  Charles  stages,  accurate  corresponding  Hermann  values 
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may  be  taken  immediately  from  this  line.  Or,  the  gauge  relation  is 
said  to  transfer  the  St.  Charles  discharge  curve  to  Hermann,  and  this 
it  does  also  with  altogether  about  the  same  precision  with  which  the 
curve  is  originally  determined  for  St.  Charles.  Thus,  in  1879  there  are 
170  discharge  observations  at  St.  Charles  to  give  the  mean  curve  there, 
while,  at  the  same  time,  there  are  somewhat  more  than  200  entirely  in- 
dependent observations  of  the  surface  level  at  St.  Charles  and  Hermann 
to  fix  this  relation  between  them.  Either  determination  has  its  possible 
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Fig.  5. 

error,  but  the  resulting  scale  of  stage  at  Hermann  may  not  have  more 
but  actually  less  of  this  error  in  it  than  the  St.  Charles  determination. 
As  the  St.  Charles  discharge  curve  is  transferred  to  Hermann,  so 
again  it  may  be  transferred  from  gauge  to  gauge  along  the  river,  meet- 
ing a  positive  test  of  both  the  original  curve  and  of  all  the  transfers  at 
every  other  location  where  discharge  observations  have  been  also  taken 
on  the  river  in  the  same  period.  The  only  other  observations  made  in 
this  year  on  the  Missouri  were  a  short  series  at  Sioux  Citv,  some  780 
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miles  further  up,  and  a  transfer  and  check  over  this  distance  is  a  long, 
an.l  necessarily  a  very  careful,  process.  In  passing  snch  tributaries  as 
the  Platte  or  Kaw  Rivers  special  studies  of  the  gauge  relations  there 
for  years  are  also  necessary,  and  need  either  some  discharge  observa- 
tions on  the  tributary,  or  discharges  of  the  main  river  above  and 
below  it. 

In  fact,  it  is  only  in  the  same  river  that  the  relations  between  the  scales 
of  stage  are  straight  lines,  and  "the  same  river"  is,  of  course,  to  be 
understood  as  a  physical  term,  and  not  a  geographical  name.  The 
Missouri  above  and  below  the  Platte  need  not  have  been  the  same  river, 
but  essentially  it  is,  and  this  relation  practically  holds  on  the  Missouri, 
at  least  from  Sioux  City  to  its  mouth.  Indeed,  the  smaller  tributaries 
further  down,  in  their  low-water  periods,  have  not  more  than  0.1 
or  0.2  ft.  of  effect  on  the  gauges  below  them,  even  at  the  extreme  low- 
water  stages  of  the  main  river,  and  this,  of  course,  amounts  to  little  or 
nothing  at  the  higher  stages. 

However,  a  flood  out  of  these  tributaries  is  another  matter.  The 
Osage  in  extreme  flood  may  add  something  like  150  to  the  discharge  of 
the  main  river,  and  it  is  plain  that  in  such  periods,  the  line  of  relation, 
between  the  scales  of  stage  above  and  below  it,  is  no  longer  given  by 
the  gauge  readings.  The  flood  does  not  necessarily  affect  the  scales  of 
stage  at  either  of  the  locations,  unless  perhaps  the  upper  one  is  within 
the  range  of  back-water  action  from  the  tributary,  but  the  marked 
excess  then  of  the  lower  gauge  readings  must  show  in  a  corresponding 
divergence  from  the  line  of  the  ordinary  gauge  relation,  and,  in  fact,  on 
the  Missouri  River,  this  is  used  as  a  measure  of  the  floods  from  the 
tributaries. 

Such  cases  are,  of  course,  to  be  met  with  in  plotting  the  gauge  re- 
lations, and  are  excluded  in  these  transfers  of  the  discharge  curves. 
Some  of  them  come  at  inconvenient  times,  but  long  low-water  periods 
are  the  ordinary  conditions  of  these  tributaries,  and,  using  only  such 
periods  in  general,  the  transfer  may  be  carried  across  them  without 
sensible  error.  In  the  same  connection,  also,  the  investigator  will  soon 
find  that  he  has  to  deal  with  more  or  less  gauge  data  which  should 
never  have  been  published.  The  effect  of  the  tributary  flood  is  con- 
tinuous, and  this  fact  shows  in  the  gauge  relations  which  follow  it;  but 
false  readings  are  not,  and  by  that  they  are  marked  at  once  on  the 
gauges  where  they  are  made.     The  line  selected  for  Fig.  5  was  free 
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from  all  such  complications.  It  is  not  at  all  an  exceptional  gauge  re- 
lation, but  it  must  not  be  assumed  that  all  gauge  relations  are  by  any 
means  so  simple. 

So  far,  the  scales  of  stage  have  simply  been  taken  as  marked  on 
the  gauges,  and,  whether  an  original  discharge  curve,  or  a  discharge 
curve  transferred,  they  serve  only  as  a  measure  of  a  more  or  less  limi- 
ted reach  of  the  river  at  the  given  location.  Before  considering  a 
more  general  condition,  it  is  convenient  to  pass  to  the  second  form  of 
marking  shown  in  Fig.  4,  and  called  the  stage  scale.  For  this,  5  ft.  on 
the  St.  Charles  gauge  is  arbitrarily  taken  as  a  low-water  standard,  and 
25  ft.  as  a  high-water  standard,  corresponding  in  this  year  to  the  dis- 
charge values  of  19.6  and  347,  respectively.  In  Fig.  5  the  correspond- 
ing levels  on  the  Hermann  gauge  are  shown  as  determined  on  the  line 
of  that  gauge  relation.  And  taking  these  corresponding  points  from 
St.  Charles  to  Kansas  City  on  all  the  gauge  relations  between  them, 
in  all  the  combinations  in  which  they  may  be  plotted,  gives  for  this 
year  the  equivalent  gauge  readings  called  low  and  high  water,  respect- 
ively, in  Table  No.  1,  at  the  locations  of  each  of  the  given  gauges. 

TABLE  No.  1. 


Mi^-Bank  Dis- 
tances. 

Year,  1879. 

Location  of  gauges. 

Miles  above  St. 
Charles. 

Equivalent  gauge  readings. 

Equal  stages 

(h) 
(high  water). 

Low  water. 

High  water. 

St.  Charles 

0.0 

16.5 

40.5 

69.0 

87.5 

112.2 

136.5 

160.4 

187.0 

222.5 

249.0 

270.0 

283.5 

307.0 

332.7 

5.0 
25.2 
46.4 
72.0 
88.9 
110.7 
134.2 
156.0 
178.5 
212.7 
233.7 
253.7 
267.0 
285.0 
307.0 

25.0 
40.1 
62.3 
88.5 
106.0 
127.5 
150.0 
172.0 
196.5 
230.7 
251.0 
272.8 
283.0 
302.7 
325.4 

20.0 

Cottleville  Landing 
Washington 

14.9 
15.9 
16.5 

Jefferson  City 

17.1 

16.8 

Providence 

Boonville 

15.8 
16.0 

18.0 

Miami 

18.0 

Waverly 

17.3 

Lexington. . . . 

19.1 

Camden 

16.0 

Missouri  City 

17.7 

Kansas  City 

18.4 

The  differences  between  these  arbitrary  high  and  low  waters, 
called  equal  stages,  mark,  of  course,  the  scales  of  stage  at  each  of 
these  locations,  mid-stage  being  simply  the  half  of  these  values,  and 
so  on,  for  all  intermediate  stages.     But  the  fact  that  these  are  20.0  ft. 
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at  St.  Charles,  and  only  14.9  ft.  at  Cottleville  Landing,  16.5  miles  up 
the  river,  or  19.1  ft.  at  Lexington,  with  16  ft.  at  Camden,  13.5  miles 
above  it.  shows  distinctly  the  marked  longitudinal  variation  which 
may  be  found  in  the  river;  and  gives,  at  the  same  time,  its  definite 
measure.  The  whole  length  of  the  river  is  certainly  a  sequence  of 
such  variations,  in  its  extremes  at  least  as  large  as  the  differences 
found  in  these  cases. 

This  sequence,  in  its  actual  longitudinal  form  at  any  time,  has  not 
yet  been  determined.  But,  while  in  certain  bends  it  may  stand 
unchanged  for  a  long  time,  in  general,  it  is  not  fixed.  What  was  20 
ft.  at  St.  Charles,  in  1879,  was  but  18  ft.  some  five  years  later;  in 
which  case  the  river  there  had  left  its  old  channel  around  the  St. 
Charles  Island,  and  shortened  its  course  by  several  miles.  Tn  the 
same  way,  the  16  ft.  at  Camden,  in  time,  may  take  the  place  of  the 
19.1  ft.  at  Lexington.  And  this  sequence,  in  its  time  variation,  may 
be  followed  with  precision  in  the  discharge  and  gauge  data.  It  is  one 
of  the  hasty  conclusions  of  a  sujierficial  study  of  this  matter,  that 
there  are  no  gauge  relations  because  they  are  not  fixed  ones,  while,  on 
the  contrary,  it  would  certainly  be  very  surprising  to  find  such  a 
longitudinal  variation  in  the  river  actually  tied  to  all  its  gauges. 

However,  in  the  Missouri  in  general,  and  it  is  inferred  in  other 
northern  rivers,  there  is  really  a  period  in  which  there  are  no  such 
relations.  Of  course,  when  the  river  is  frozen  over  there  is  not  much 
rise  or  fall  to  mark  any  relation,  but  it  seems  that  an  ice-bound  sur- 
face may  result  in  a  different  distribution  of  slope  from  that  of  a  free 
surface,  and,  in  the  place  of  the  river  standing  at  the  same  level  on  al 
the  gauges,  it  may,  in  such  a  case,  change  in  a  perfectly  arbitrary  way 
at  any  of  them.  The  clearing  out  of  the  ice  also  probably  cuts  up  its 
bed  pretty  badly,  as  the  forming  and  breaking  of  ice  gorges  might  be 
expected  to  do.  But  certainly  during  and  immediately  following  this 
period  no  relations  between  gauge  readings  may  be  found.  That  it 
soon  readjusts  itself  and  all  its  flow,  in  all  the  variations  along  its 
course,  and,  in  all  its  changes  from  high  to  low  water,  is  again  found 
held  in  this  chain  of  simple  stage  ratios,  is  not  at  all  inconsistent  with 
what  has  preceded  it,  and  on  the  whole  marks  no  less  but  rather 
more  the  presence  of  a  determined  and  controlled  equilibrium. 

And,  finally,  the  larger  changes  noted  in  the  equal  stages,  which 
are   in   general   a  matter  of  years,   must  also  be   supplemented  by 
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smaller  changes  which  may  be  only  a  matter  of  seasons.  Not  only 
may  the  river  change  its  whole  course  and  its  whole  form  at  the  loca- 
tion, hut  the  bar  may  be  built  further  down  and  bring  the  gauge  from 
the  level  of  a  lower  into  that  of  an  upper  pool.  The  first  may  have  an 
effect  of  several  feet,  the  second  may  be  limited  to  fractions  of  a  foot, 
but  on  the  Missouri  the  second  may  also  mark  several  distinct  gauge 
relations  in  the  season,  or  throw  a  part  of  the  plotted  period  out  of 
the  line  of  the  general  relation.  These,  of  course,  mean  different 
scales  of  stage  there  for  each  period,  but  in  such  details  the  scales  of 
stage  are  certainly  restricted  to  very  limited  reaches.  This  might  be 
of  value  in  special  studies,  but,  as  a  general  river  measure,  the 
average  is  all  that  is  wanted;  and  where  there  are  two  or  more  such 
changes  in  the  season,  a  mean  is  taken  for  the  gauge  relation. 

This  outline  will  show  the  general  processes  and  results  of  a  study 
of  discharge  and  gauge  data.  It  gives  an  absolute  measure  of  the 
river  at  a  number  of  different  locations,  which  probably  cover  all  its 
variations,  and  follows  with  precision  all  its  changes  at  each  of  them. 
To  close  for  the  Missouri,  it  is  only  necessary  to  add  the  fact  that  the 
Missouri  in  different  years  is  a  different  river.  Or,  to  state  this  tech- 
nically, the  level  of  the  zero  of  its  general  stage  scale  is  found  to 
change  materially  between  a  sequence  of  high-flood  and  low-flood 
seasons. 

Taking,  for  instance,  the  fall  low-water  of  1883,  following  a 
succession  of  phenomenally  high-flood  years,  the  low-water  level 
corresponding  to  the  discharge  of  19.6,  in  the  place  of  being  the  gauge 
readings  from  5.0  at  St.  Charles  to  307.0  at  Kansas  City,  given  in  Table 
No.  1,  would  be  found  to  average  about  1  ft.  lower.  Whether  or  not 
the  high-water  stage  is  affected  in  this  is  still  unsettled;  from  such, 
data  as  there  are  on  the  subject,  and  from  the  nature  of  the  change,  it 
is  inferred  that  it  is  not;  in  which  case  all  the  values  in  the  column  of 
equal  stages  would  then  average  1  ft.  more.  In  the  same  way,  the 
fall  low-water  of  1895,  following  a  succession  of  phenomenally  low- 
flood  years,  is  about  1  ft.  higher,  giving  values  in  the  column  of  equal 
stages  averaging  about  1  ft.  less. 

The  process  of  such  changes  will  show  later.  They  arise  from 
the  counter-actions,  already  noted,  of  erosion  which  would  fill  up 
the  bed,  and  of  that  lateral  resultant  which  would  keep  it  down. 
Every  cutting  bank  and  bar  is  caving  into  the  river  continually,   in 
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this  way  throwing  upon  the  bed  material  which  is  not  carried  away, 
for  there  is  no  evidence  of  an  increasing  movement  of  material  down 
stream;  and  indeed,  accumulating  as  it  would,  it  could  not  be  thus 
taken  up  in  the  flow  without  soon  overloading  it;  therefore,  it  must 
simply  be  spread  over  the  bottom  in  some  way,  and  this,  at  all  times, 
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below  the  existing  water  line.  It  is  really,  then,  only  the  flood  which 
can  move  this  material  up  on  the  slopes  of  points  and  bars;  and  the 
extreme  flood  is  required  to  throw  any  of  it  altogether  out  at  the  bank 
level.  Thus  there  is  no  doubt  that  the  action  of  the  series  of  extreme 
floods  is  this  general  clearing  out  of  the  low-water  bed,  and  of  the 
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series  of  low  floods  a  corresponding  filling  up,  notwithstanding  the 
fact  that  this  has  not  yet  been  observed  in  anything  but  these  stage 
measures. 

With  all  that  has  been  given  in  this  study  of  the  Missouri,  the  sub- 
ject may  be  followed  now  into  the  data  of  the  Lower  Mississippi;  and 
it  will  be  enough  to  note  briefly  the  special  features  which  the  given 
processes  show  for  this  river,  and  at  the  same  time  any  new  problems 
which  its  marked  physical  difference  and   greatly  enlarged  scale  may 
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bring  into  view.  And,  certainly,  between  a  river  of  the  size  of  the  Mis- 
souri, and  one  whose  floods  have  some  three  times  the  extreme  discharge 
and  twice  the  rise,  this  matter  should  be  fairly  covered  for  alluvial  rivers. 
Figs.  6  and  7  serve  as  illustrations.  The  New  Madrid  discharge- 
gauge  relation  in  Fig.  7  does  not  differ  essentially  from  that  of  St. 
Charles  on  the  Missouri,  and  it  may  be  seen  by  the  Cairo-New  Madrid 
gauge  relations  in  Fig.  6,  that,  in  general,  it  may  be  transferred  in  just 
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the  same  way  in  which  St.  Charles  was  transferred  to  Hermann.  But 
it  will  be  noted  here  also  that,  while  the  relation  at  the  higher  stages 
hasnol  changed  perceptibly  in  10  years,  a  decided  but  limited  range 
of  bar  effect  has  come  into  the  surface  levels  of  the  New  Madrid  low- 
waters.  And  it  is  this  pronounced  stability  of  these  relations,  some  of 
which  now  go  hack  nearly  50  years,  subject  now  and  then  to  these  low- 
w  at cr  variations,  disappearing  between  the  10-ft.  and  the  20-ft.  stages, 
which  may  in  general  be  said  to  be  the  special  features  of  the  Lower 
Mississippi  gauge  relations. 

This  low-water  form,  however,  is  not  a  variable  but  a  fixed  condition 
in  the  300  miles  between  Red  River  and  the  Gulf.  Even  as  high  up  as 
Red  River,  the  Gulf  level  is  some  10  to  20  ft.  above  the  mean  bottom 
of  the  Mississippi,  and  through  all  this  reach  it  acts  upon  the  low- water 
surface  in  much  the  same  way  as  did  the  crest  of  the  bar  in  1893  at  Newr 
Madrid.  For  any  such  reach,  of  course,  the  variation  of  the  scale  of 
stage  through  it  is  a  special  and  a  single  problem  in  each  case. 

But  the  marked  exception  of  the  Lower  Mississippi  gauge  relations 
to  the  general  features  noted  above,  is  found  since  the  times,  and  at 
the  locations,  in  which  its  great  floods  have  been  held  within  levees. 
It  began  to  be  seen,  more  than  10  years  ago,  along  the  swarnp  fronts, 
where  the  large  natural  outflow  was  being  materially  checked  by  the 
building  of  levees,  that  a  general  lowering  of  the  low-water  level 
was  an  accompanying  phenomenon;  and  it  was  soon  inferred  that  the 
levees  there,  producing  abnormally  large  floods,  like  the  series  from 
1881  to  1883  on  the  Missouri,  were  simply  clearing  out  the  low-water 
bed  in  the  same  process.  Indeed,  it  was  here  that  the  action  of  that 
lateral  resultant  of  the  movement  of  material  in  a  x*iver  was  first  sug- 
gested, even  before  the  magnitude  of  erosion,  determined  between 
hydrographic  surveys,  had  made  it  so  plainly  a  necessity,  and  before 
the  reverse  process  had  been  tested  in  the  filling  up  of  the  Missouri 
River  bed  after  the  succession  of  low  floods  in  1895.  Singly  in  these 
levee  effects  wras  it  seen  that,  whatever  might  be  the  longitudinal  move- 
ments in  the  building  up  of  the  bars  at  high  water,  it  was,  after  all,  the 
magnitude  of  the  flood  volume  which  kept  down  the  level  of  the  low- 
w  ater  plane;  and  the  somewhat  homely  illustration  suggested  itself  that, 
us  a  whole,  the  flood  went  through  the  river  somewhat  like  a  plow. 

All  these  features  of  the  Mississippi,  however,  raise  no  essentially 
new  questions;  but,  the  Arkansas  City  discharges,  in  Fig.  7,  do.      The 
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marked  difference  in  the  level  of  the  discharges  between  the  first  and 
second  periods  is  a  change  of  plane  of  a  character  which  must  be  con- 
sidered here.  If  it  was  simply  a  permanent  local  change  at  that  jioint, 
it  would  naturally  be  assigned  to  some  radical  change  in  the  regimen 
of  the  reach,  similar  to  that  noted  at  St.  Charles,  when  the  range  of 
stage  there  changed  from  20  ft.  to  18  ft.  But,  far  from  being  such  a 
permanent  change,  it  is  not  even  a  local  one. 

As  may  be  seen  in  the  example  given,  the  gauge  relations  on  the 
Mississippi  are  not  only  especially  stable,  but  they  are  also,  in  general, 
especially  well-defined  single  lines;  and,  in  that  case,  every  variation 
which  shows  in  the  surface  levels  of  the  same  discharge  at  one  of  the 
gauges,  must  show  in  the  given  ratio  and  the  given  period  at  the  other. 
Changes  of  plane  are  transferred  as  well  as  discharge  curves,  and,  as 
far  as  the  gauge  relations  below  Arkansas  City,  each  shows  a  single 
line  for  both  of  these  periods,  this  change  of  plane  is  necessarily  an 
identity  all  the  way  down. 

It  is,  of  course,  only  actually  identified  at  the  location  of  the  lower 
gauges;  but  where  it  is  found  repeating  itself  in  this  way,  in  both  its 
ratio  and  period  from  gauge  to  gauge  down,  there  can  be  little  doubt 
that  it  is  simply  continuous  between  them.  And  in  this  process  the 
change  of  plane  shown  at  Arkansas  City,  is  found  to  be  a  continuous 
one  as  far  down  as  it  can  be  tested  accurately,  and  at  least,  in  this 
case,  for  over  3U0  miles. 

This  change  of  plane  coincides  roughly  with  a  flood  out  of  the 
Arkansas  River,  it  does  not  show  on  gauges  above,  and  it  is  prac- 
tically continuous  through  the  rest  of  the  flood  and  as  far  down  as  it 
can  be  tested  through  the  rest  of  the  river.  While  such  a  change 
of  plane  certainly  holds  a  difference  in  the  general  slope  from  above, 
this  difference  does  not  account  for  it,  for  this  difference  is  the  thing 
itself.  In  the  same  way  the  difference  of  slope  between  the  rising  and 
falling  river  does  not  help  matters,  for  this  difference  is  as  great  at 
Helena  as  it  is  at  Arkansas  City.  And,  in  fact,  this  change  of  plane 
is  found  here,  as  repeatedly  elsewhere,  to  have  much  the  same  mag- 
nitude between  the  two  periods  whether  the  river  is  rising,  falling  or 
stationary  in  either  of  them.  Indeed,  as  was  pointed  out  at  first,  not 
much  dependence  is  to  be  put  in  the  direct  slope-effect  in  the  flow  of 
rivers;  it  appears  and  disappears  continually,  as  a  general  slope 
controls  or  does  not  control  the  flow. 
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Such  a  continuous  change  of  plane,  in  the  case  in  hand,  has  been 
considered,  probably  in  part  at  least,  a  change  in  the  conditions  of 
flow  accompanying  the  flood  out  of  the  Arkansas.  And,  for  the: 
entrance  of  floods  from  tributaries,  there  is  this  to  be  said,  they  cer- 
tainly raise  the  surface  level  of  the  river  above  them  without  any  cor- 
responding increase  of  discharge.  In  cases  in  the  Lower  Mississippi 
this  may  be  followed  up  with  precision  on  the  gauge  relations;  thus, 
floods  out  of  the  Arkansas  River  have  been  seen  distinctly  to  raise  the 
surface  level  of  the  Mississippi  over  40  miles  above  by  more  than  1  ft. 
The  flow  of  the  main  river,  then  approaching  the  tributary  with  its 
momentum  somewhat  reduced  at  a  continually  increasing  rate, 
might,  perhaps,  be  expected  to  carry  a  higher  plane  below  for  some 
time  and  some  distance.  And,  indeed,  in  such  a  case  as  the  run-out  of 
the  Lower  Mississippi  from  Red  River  to  the  Gulf,  where,  even  in  the 
highest  flood,  only  a  small  fraction  of  the  water  in  the  river  is  above 
the  Gulf  level,  and  the  great  mass  of  it  has  not  a  foot-pound  of  poten- 
tial energy,  such  effects  of  floods  from  Red  River  certainly  seem  to 
have  startling  proportions. 

In  the  years  of  great  floods,  also,  changes  of  plane  of  this  character, 
are  marked  from  Cairo  down,  and,  as  changes  in  the  conditions  of  flow, 
would  be  assigned  to  the  large  return  flows  and  back-water  drainage 
following  the  extended  overflow.  And,  as  they  do  not  show  here  to 
any  great  extent  in  the  low-flood  years  like  that  of  the  New  Madrid 
discharges  given,  some  such  assumption  is  not  altogether  unwarranted. 
But,  at  the  same  time,  it  should  be  recognized  clearly  that  marked  bed 
changes  also  occur  between  these  periods.  The  raise  to  the  top  of  the 
flood  has  the  effect  of  the  erosion  through  the  greater  part  of  a  season 
at  its  surface,  with  all  the  bar-building  forces  of  the  river  under  it, 
while  this  is  practically  reversed  in  the  fall.  And,  until  this  movement 
of  bed  may  be  determined,  it  is  needless  to  discuss  further  the  special 
causes  of  changes  of  plane  of  this  character. 

Of  course,  with  such  changes  of  plane  in  the  Mississippi,  there  is 
little  doubt  that  changes  of  plane  of  the  same  character  occur  in  the 
Missouri,  but,  if  they  are  not  large  enough  to  be  seen  there,  they  need 
not  be  considered.  The  same  change  in  the  conditions  of  flow  which 
would  change  the  surface  level  by  1  ft.  in  a  river  from  50  to  100  ft.  deep, 
would  only  change  it  by  0.1  ft.  in  a  river  from  5  to  10  ft.  deep;  and  in 
the   different  type,    the    reduced  scale,  and  much  more  active  bed 
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changes  of  the  Missouri,  changes  of  plane  of  this  character  are  simply 
unimportant  phenomena.  In  the  same  way,  again,  if  such  studies  were 
carried  into  a  river  like  the  Platte,  all  the  importance  of  the  Missouri 
River  gauge  relation  might  disappear  in  the  small  range  and  continu- 
ous bed  changes  of  that  river.  Hydraulics  is  limited  to  relations 
Avhich  show ;  and  perhaps  it  is  altogether  possible  to  study  with  a  micro- 
scope, the  flow  in  the  simplest  form  of  flume,  in  such  detail  as  never 
to  understand  it. 

Finally,  all  these  detailed  studies  of  the  discharge  and  gauge  data 
in  a  river  may  be  put  together  in  the  discharge  scales,  and  show  at  a 
glance  all  the  floods  of  a  river  for  years,  with  the  combinations  which 
make  up  such  a  flood  as  that  of  the  Lower  Mississippi. 

Figs.  8  and  9  illustrate  the  use  of  the  discharge  scales.  The  regular 
gauge  readings  are  plotted  from  day  to  day  as  ordinary  hydrographs, 
and  the  discharge  scales  are  drawn  through  the  flood  season  from  low- 
water  up.  Arranging  these,  then,  in  order  down  the  river,  all  the  con- 
tributions from  the  tributaries  show  in  the  differences  between  the  flood 
volumes  from  gauge  to  gauge,  and  may  be  checked  readily  at  any  point 
with  summations  of  the  tributary  increments  taken  from  the  gauge  re- 
lations, while  the  combined  floods  of  two  rivers,  such  as  the  Missouri 
and  Upper  Mississippi,  are  seen  summed  up  in  the  flood  volumes  of 
the  Middle  Mississippi  at  St.  Louis. 

In  these  diagrams  simply  the  average  discharge  scales  have  been 
used,  and  no  account  has  been  taken  of  changes  of  plane  through  the 
period,  but,  of  course,  in  checking  up  the  final  discharge  curves  in  the 
different  rivers  it  is  necessary  to  take  account  of  these  changes.  And 
there,  indeed,  the  whole  study  of  these  data  in  the  rivers  meets  one  of 
its  severest  tests.  If  the  sum  of  the  St.  Charles  discharge  and  the 
Grafton  discharge  do  not  make  the  St.  Louis  discharge  there  is  some 
thing  wrong.  Individual  discharge  observations  may  have  their 
errors,  but  correct  scale  of  stage  can  only  have  changes  of  plane  and 
wrong  gauge  readings. 

All  this,  however,  may  be  followed,  well  enough  for  an  illustration, 
in  the  average  scales  in  Fig.  8.  Thus,  the  top  of  the  1881  flood  is  a 
little  less  than  500  at  St.  Charles  with  a  little  less  than  350  at  Grafton, 
while  St.  Louis  shows  about  800.  But  the  plane  at  Grafton  is  raised 
by  an  up-stream  effect  from  the  extreme  flood  in  the  Missouri,  Grafton 
discharge  observations  at  that  time  showing  this  distinctly,  and,  allow- 
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ing  for  this,  it  checks  very  well  with  St.  Louis  and  the  discharge  from 
the  Missouri.  The  next  low  water  is  50  at  Grafton,  and 'a  little  below 
50  al  St.  Charles,  differing  about  the  same  amount  from  the  100  at  St. 
Louis.  Ami  again,  the  top  of  the  1882  flood  is  350  +  at  St.  Charles, 
and  350  +  at  Grafton,  with  700  +  at  St.  Louis.  At  the  same  time,  the 
irregularity  of  the  ice  period  in  these  rivers  is  marked,  and  particularly 
iu  the  forming  and  breaking  of  ice  gorges  from  Sioux  City  down,  in 
the  spring  of  1881. 

Fig.  9  gives,  iu  the  same  way,  from  Cairo  to  Helena,  two  of  the 
greatest  floods  in  the  lower  Mississippi;  and  Fig.  10  is  an  outline  map 
showing  the  river's  system  of  swamp  basins.  In  general,  all  along 
these  basins  the  ground  slopes  back  from  the  river  into  an  area  of  low 
•swamps  threaded  with  lakes  and  bayous,  and  draining  into  such  rivers 
as  the  St.  Francis  and  Yazoo. 

As  the  Mississippi  rises  above  its  bank-full  stage,  the  flood  water  is 
drawn  off  into  these  upper  swamps,  to  be  returned  to  the  river  at  their 
lower  ends  after  an  interval.  Fig.  9  shows  this  action  through  the 
first  or  St.  Francis  basin.  The  total  volume  of  the  flood,  not  only 
given  by  the  Mississij>pi  stages,  but  also  traced  down  from  its  sources 
through  the  combinations  of  the  upper  rivers,  is  shown  in  the  discharge 
scale  at  Cairo,  while  the  same  flood  is  shown  at  Memphis  at  about  its 
point  of  maximum  outflow,  and  again  at  Helena,  where  it  receives  the 
return  flow  from  the  St.  Francis  basin.  However,  the  total  return 
flow  is  not  shown  at  Helena,  since  the  outflow  into  the  upper  Yazoo  at 
the  same  time  is  necessarily  lost  to  its  stage  and  discharge. 

The  former  condition  of  free  overflow  is  shown  in  the  year  1882, 
and  the  first  effect  of  the  levee  system  now  iu  progress  in  that  basin  is 
shown  in  1897.  And  though  the  system  was  far  from  complete  at  the 
time,  and  was  badly  broken  in  the  flood  period,  still  the  increase  in 
stage  and  discharge  is  most  marked.  While  the  flood  extreme  of  1  700 
at  Cairo  in  1882  is  reduced  by  outflow  to  but  little  more  than  1  200  at 
Memphis,  and  comes  back  with  inflow  to  about  1  400  at  Helena, 
in  1897  it  reached  about  1  400  at  Memphis,  before  the  breaks  in  the 
levee  relieved  it,  and  came  back  again  at  Helena  to  the  Cairo  value 
of  1  700. 

This  Avill  illustrate  the  method  of  handling  the  extreme-flood  data, 
u  hich,  as  before  noted,  lie  beyond  the  range  of  regular  discharge  curves. 
While  not   pretending  to  represent  the  actual  discharge  at  any  spe- 
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cial  point  in  the  flood,  these  scales,  as  an  average,  bring  all  the  data 
together  and  compare  their  total  volumes  in  a  form  in  which  some 
reasonable  consistency  may  be  recognized.  However,  further  down 
the  Mississippi,  and  especially  since  the  construction  of  levees,  the 
discharges  are  often  so  irregular,  between  the  draw  of  a  large  crevasse 
on  the  one  hand  and  the  lake-like  character  of  points  in  the  general 
overflow  on  the  other,  that  they  can  hardly  be  followed  through  the 
flood  period,  even  in  this  system  of  rough  averages. 

Finally,  Cairo  and  Memphis,  in  Fig.  9,  show  very  well  the  fixed 
character  of  the  general  Mississippi  regimen.  The  15  years  from  1882 
to  1897,  has  brought  no  marked  change  there;  while  at  Helena,  in  the 
same  period,  a  case  of  the  levee  effect  before  noted  is  given.  Here,  in 
1897,  a  glance  shows  that  the  discharge,  as  brought  down  to  Cairo, 
from  the  rivers  above,  and  as  found  repeated  at  Memphis,  cannot  be 
.  continuously  some  50  less  at  Helena,  as  the  1882  discharge  scale 
would  give  it.  The  precise  lowering  there  is  a  matter  of  the  gauge 
relation;  but  nowhere  is  the  general  fact  more  plainly  seen  than  on 
the  discharge  scales. 

In  following  the  discharges  down  from  Cairo  to  Helena  through  this 
period  within  banks,  their  readings  on  the  discharge  scales  are  essenti- 
ally the  same  as  they  should  be;  for,  in  general,  the  tributary  incre- 
ments here  would  not  show  on  these  scales.  Thus,  the  crest  at  the 
end  of  November,  1881,  is  a  little  less  than  800  from  Cairo  to  Helena, 
followed  by  a  fall  to  just  400,  and  a  rise  to  about  1  000,  where  the  limits 
of  overflow  begin  to  show.  But  it  must  be  noted  also,  that  this  does  not 
mean  that  the  actual  discharges  for  the  same  scale  readings  in  different 
periods  are  necessarily  the  same.  The  scale  readings  are  normal  values, 
and,  so  long  as  the  actual  discharges  differ  from  the  normal  by  the  same 
amount  all  the  way  down,  their  normal  readings  will  be  the  same. 

This  general  identity  from  Cairo  to  Helena,  therefore,  is  not  only  an 
identity  of  the  discharge,  but  also  an  identity  of  plane.  That  continu- 
ous plane,  noted  in  the  case  of  the  Arkansas  City  discharges,  shows  all 
through  the  data  of  the  Lower  Mississippi.  It  is  referred  to  here  again 
in  order  to  note  finally  that  whatever  its  causes  may  be,  it  has,  from 
point  to  point  down,  exactly  the  same  fiood  sequence  preceding  it, 
and  its  accurate  recurrence  from  gauge  to  gauge  only  marks  it  as  a  very 
general  and  a  very  definite  phenomenon;  it  does  not  add  essentially  to 
the  difficulty  in  its  explanation. 
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So  far,  it  has  simply  been  noted,  in  connection  with  the  gauge  rela- 
tions, that,  when  the  river  was  rising  or  falling,  a  suitable  time  was  to 
be  allowed  for  the  given  stage  to  pass  from  the  location  of  the  upper 
gauge  to  that  of  the  lower.  The  precise  determination  of  this  time, 
from  the  gauge  readings  themselves,  forms  the  subject  of  this  study  of 
flood  movement. 

In  the  rough,  this  time  interval  is  seen  very  well  in  the  hydrographs 
of  any  river  simply  by  noting  the  difference  in  the  times  at  which  the 
flood  crests  show  in  order  down  on  their  respective  gauges,  and  it  is 
not  only  marked  at  the  crest,  but,  somewhat  less  distinctly,  at  the  foot 
of  each  rise.  Thus,  in  Fig.  8,  in  the  period  May-June,  1881,  on  the 
Missouri,  the  general  interval  of  about  seven  days  from  Sioux  City 
to  St.  Charles  is  fairly  indicated  in  the  time  between  these  points 
marked  by  the  various  crests  and  hollows;  though  it  may  be  more  or 
less  blurred  in  the  case  of  any  one  of  them  by  the  changes  of  plane 
and  tributary  increments  which  show  in  this  period.  In  the  same  way 
the  special  retardation  at  the  top  of  the  April  flood  of  that  year  will  be 
noted.  And,  passing  to  the  Upper  Mississippi,  its  much  slower  rate  of 
flood  movement  is  shown  most  distinctly.  Thus,  comparing  the  move- 
ment from  Prescott  to  Clayton  with  that  from  Sioux  City  to  St. 
Charles,  in  the  Mississippi,  the  flood  takes  about  the  same  time  to  pass 
over  about  one-fourth  the  distance. 

In  the  Lower  Mississippi,  Fig.  9  shows  an  interval  of  some  three  or 
four  days  from  Cairo  to  Helena,  and  if  any  one  should  undertake  to 
follow  up  this  interval  on  the  discharge  scales,  through  all  the  rises 
and  falls  of  the  river,  by  noting  the  difference  in  time  between 
the  same  discharges  at  Cairo  and  Helena,  he  would  be  struck  at 
once  with  the  general  accuracy  and  the  constancy  of  this  interval, 
not  only  for  the  crests  and  hollows,  but  also  for  all  the  floods  within 
banks. 

But  days  are  far  from  being  the  measure  of  precision  which  is 
wanted,  and  to  obtain  this,  very  different  methods  are  needed.  It  is 
evident,  on  the  face  of  it,  that  the  time  required  for  a  given  stage  to 
pass  from  an  upper  to  a  lower  gauge  is  determined  with  the  greater 
precision  the  greater  the  difference  of  stage  which  is  passing.  Thus, 
the  periods  of  rapid  rise  or  fall  are  those  which  must  be  used  for  pre- 
cision, while  the  period  is  hardly  defined  at  all  in  the  slower  changes 
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of  stage  at  the  flood  crests;  though,  taking  these  crests  as  a  whole,, 
symmetrically,  it  may  still  be  seen  in  them.  Almost  any  interval  at 
the  crest  will  give  the  gauge  relations,  while  the  line  between  any  two 
gauges  is  given  without  any  interval  at  all  through  all  the  stationary 
periods  of  the  river  which  extend  to  both  of  them;  but  where  a  rise  or 
fall  of  some  2  ft.  a  day  occurs,  an  error  of  a  tenth  of  a  day  in  an 
assumed  interval  begins  to  make  distinct  divergences  from  the  line  of 
the  gauge  relation. 

Having  the  line  of  the  gauge  relation  given,  and  plotting  such  rises 
and  falls  with  assumed  trial  intervals,  the  divergence  of  each  plotted 
point  from  this  line,  of  course,  marks  the  error  in  the  time  assumption 
at  that  stage;  but  as,  in  the  great 
mass  of  the  data,  the  gauge  rela- 
tion and  the  time  interval  have 
to    be    determined    together,   it 
is  convenient  to  have  in   mind, 
clearly,    from  the    first,    certain 
standard  types   which    different 
trial  intervals  rnust  give   to   the 
form  of  such  a  plotted  relation. 

Types  of  trial  time  intervals  are  shown  in  Fig.  11.  The  first 
is  an  interval  altogether  too  short.  If,  in  plotting  a  trial  rela- 
tion, the  assumed  interval  was  less  than  the  true  time,  then,  on 
the  rise,  the  lower  gauge  values  taken  would  not  have  had  time  to 
rise  to  their  equal  stages,  and  would,  therefore,  be  too  small  in  pro- 
portion to  the  rapidity  of  the  rise.  In  the  same  way,  on  the  falling 
stage,  the  lower  gauge  values  would  not  have  had  time  to  fall  enough, 
and  would,  therefore,  be  too  large  in  proportion  to  the  rapidity  of  the 
fall.  The  trial  relation  would,  therefore,  plot  as  in  (1)  where  the 
rising  and  falling  stages  are  indicated  by  the  directions  of  the  arrows. 
In  the  same  way,  if  the  trial  interval  for  the  flood  is  taken  too  long, 
the  lower  gauge  values  would  be  too  large  for  the  rising  and  too  small 
for  the  falling  stages,  giving  the  trial  relation  shown  in  (2).  Between 
(1)  the  interval  altogether  too  short,  and  (2)  the  interval  altogether 
too  long,  the  relation  of  the  flood  can  always  be  reduced  to  one  or  the 
other  of  the  forms  (3)  and  (4).  The  form  (3)  shows  very  plainly  that 
this  interval  for  the  whole  flood  is  a  constant,  or  that  the  flood  move- 
ment does  not  vary  with  the  stage;  while  all  conditions  of  a  variable 
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flood  movement  are  included  in  the  form  (4).  And  here,  in  the  special 
case  indicated  by  the  arrows,  it  represents  a  flood  movement  which 
increases  about  uniformly  with  the  stage;  that  is,  the  mean  interval  is 
about  as  much  too  short  for  the  lower  part  of  the  flood  as  it  is  too  loug 
for  the  upper  part. 

By  more  or  less  trial  plotting  of  selected  floods,  the  character  of 
their  movement,  between  any  two  gauges,  may  be  recognized,  and,  in 
case  the  interval  is  a  constant,  it  may  generally  be  determined  in  this 
way  to  the  nearest  tenth  of  a  day.  It  is  also  plain,  however,  that  any 
flood  out  of  a  tributary  entering  between  the  gauges  in  this  period 
would  destroy  altogether  the  simple  form  of  the  relation  shown  in  (3). 
Indeed,  unless  such  periods  were  recognized  and  excluded  from  the 
study,  they  would  lead  to  very  serious  errors  in  both  the  rate  and  the 
character  of  the  flood  movement. 

It  is  also  necessary  to  allow  for  those  changes  of  plane  which  may 
occur  from  time  to  time  at  the  location  of  one  or  the  other  of  the 
gauges.  To  determine  the  time  required  by  a  given  stage  to  pass 
through  the  reach  it  must  be  taken  on  the  level  which  it  has  in 
passing.  So  long  as  the  levels  of  the  given  stage  remain  the  same  at 
the  two  ends,  or  change  together,  as  they  do  through  those  con- 
tinuous changes  of  plane  noted  on  the  Lower  Mississippi,  the  relation 
will  give  the  form  (3)  when  the  correct  time  interval  is  taken,  but 
when  the  level  of  the  given  stage  changes  at  one  of  the  gauges  with- 
out a  corresponding  change  at  the  other,  the  form  of  the  true  gauge 
relation  should  shift  in  the  same  way;  and  an  interval  which  might 
make  it  approach  more  closely  to  the  form  (3)  would  not  then  be  a 
more  correct  interval,  but  an  erroneous  one. 

These,  of  course,  are  the  same  variations  which  have  been  met  in 
the  transfer  of  discharge  curves,  and  which,  with  a  little  care,  do  not 
affect  sensibly  the  accuracy  of  that  process.  But  here,  in  the  deter- 
mination of  an  element  which  is  marked  alone  in  the  form  of  special 
periods  of  rise  and  fall,  they  are  much  more  serious  difficulties.  Thus, 
taking  gauges  above  and  below  a  tributary,  after  getting  by  trial  a 
correct  interval  between  them,  and  then,  with  this  interval,  systemat- 
ically plotting  their  relation  through  years,  a  number  of  the  floods 
might  be  seen  to  correspond  very  closely  with  the  form  (3),  and  a 
number  of  others  might  be  marked  clearly  as  affected  by  floods  from 
the  tributary,  or  changes  of  plane,  and  rejected.     Between  these  two 
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however,  there  would  still  l>e  a  number  of  periods  in  which  it  would 
be  uncertain  whether  their  form  did  not  measure  as  truly  a  flood 
movement  there  as  did  the  form  (3),  and  in  which,  if  they  did,  it  would 
be  plain  that  the  flood  movement,  in  that  case,  was  not  at  the  same  rate 
as  the  other,  nor  indeed  any  longer  a  constant  in  its  character. 

This,  of  course,  would  have  been  all  well  enough  if  it  had  proved 
that  the  flood  movement  varied  from  time  to  time  and  for  different 
forms  of  floods,  but  when  the  precision  of  the  determination  is  also 
considered  it  is  at  once  seen  that  in  itself  it  simply  does  not  prove 
anything.  There  is  no  use  in  taking  interpolated  values  between  the 
daily  gauge  readings  any  closer  than  to  the  nearest  tenth  of  a  day;  if 
for  no  other  reason,  because  it  is  doubtful  whether  the  observers  have 
actually  read  their  gauges  closer  to  the  set  time,  if  indeed  they  can  be 
counted  on  for  that.  With  an  interval  then  of  some  two  or  three  tenths 
of  a  day  between  the  gauges  above  and  below  a  tributary,  this  relation 
showing  in  any  case  the  form  (3)  means  only  that  the  flood  move- 
ment at  that  time  is  this  given  rate  and  is  constant  within  the  limits  of 
some  ±  20,%',  while  in  the  other  case  it  means  that  its  rate  is  some- 
thing more  or  less  and  variable  within  the  same  limits.  Thus,  the 
two  cases  simply  are  not  precise  enough  for  their  contradictions  to 
mean  anything. 

Again,  while  the  short  reaches  lack  precision  in  this  time  element, 
the  long  reaches  lack  precision  in  the  equal  stages.  When  the  river 
is  rising  or  falling  2  ft.  a  day,  a  change  of  0.2  ft.  in  the  stage  is  equal 
to  a  tenth  of  a  day  in  the  time  interval,  while  in  periods  of  less  rapid 
rise  and  fall  the  time  equivalent  is  correspondingly  greater.  In  a 
long  reach,  therefore,  covering  a  number  of  tributaries,  the  summa- 
tions of  their  increments,  small  in  themselves,  may  affect  materially 
the  apparent  time  of  the  passage  of  a  given  stage  through  the  reach; 
and  even  where  they  may  not  do  this,  their  combinations  tend  to  cur- 
tail greatly  the  periods  which  are  practically  free  from  this  difficulty, 
until  finally,  it  is  not  once  in  years  that  a  suitable  period  for  the  deter- 
mination of  its  flood  movement  can  be  found;  that  is,  a  period 
without  change  of  plane  between  the  gauges,  all  the  tributaries  being 
at  a  fixed  low-water,  with  a  sharp  rise  and  fall  of  the  main  river. 

To  meet  all  these  difficulties  in  the  precise  determination  of  the 
flood  movement,  the  system  of  plotting  the  data,  called  extension- 
gauge  relations,  was  planned.     Its  principle  consists  of  studying  a 
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flood  movement  in  the  form  of  a  number  of  gauge  relations,  between 
the  same  upper  gauge  in  each  case,  and  lower  gauges  following  in 
order  down;  showing,  in  close  succession,  the  movement  of  the  same 
flood  from  the  same  start,  through  a  series  of  successively  lengthen- 
ing reaches.  The  form  of  each  gauge  relation,  then,  in  its  order, 
includes  all  the  flood  movement  of  the  relations  preceding  it,  with 
such  additional  movement  as  the  flood  may  have  in  that  case  between 
its  lower  gauge  and  the  gauge  next  above  it. 

An  instance  from  the  Lower  Mississippi  extension-gauge  relations 
is  given  in  Fig.  12,  covering  a  reach  of  277  miles  of  that  river,  from 
Cairo  down.  In  all  this  the  time  intervals  have  been  determined  first 
by  trial.     Cairo  gauge  readings  are  taken  uniformly  as  the  ordinates, 


Fig.  12. 

and  interpolated  readings,  later  by  the  intervals,  respectively,  as 
abscissas,  and  the  gauge  relations,  Cairo-Belmont,  Cairo-New  Madrid 
and  so  on,  to  Cairo-Mhoons,  are  plotted  in  succession.  Altogether, 
they  leave  no  doubt  whatever  as  to  the  movement  of  this  flood. 
The  Cairo  form  is  simply  reproduced  in  a  given  ratio  on  each  of  the 
gauges  after  the  lapse  of  a  fixed. time. 

Gauge  readings,  of  course,  contain  a  tenth  or  so  of  accidental  error, 
and  no  single  one  of  these  relations  reproduces  exactly  the  Cairo 
form  in  the  given  ratio  at  the  location  of  its  lower  gauge;  but  when 
the  divergence  is  in  one  direction  at  one  gauge,  and  in  an  opposite 
direction  at  the  next,  there  is  certainly  no  change  of  form  shown  in 
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the  passage  of  the  flood  through  the  reach;  and,  indeed,  in  this  case 
it  is  repeated  even  more  exactly  at  Memphis,  230  miles  below  Cairo, 
than  at  Cottonwood  123  miles  below,  or  Belmont  only  21  miles 
below. 

Thus,  it  is  not  necessary,  in  every  case,  to  see  this  flood  movement 
extending  down  to  Memphis,  or  to  Mhoons,  in  order  to  recognize 
it.  If  it  is  seen  extending  down  to  Cottonwood,  and  if,  from  there 
on,  more  or  less  increment  from  tributaries  comes  in  to  break  it  up, 
it  is  still  seen,  and  the  reason  that  it  does  not  show  further  down 
is  recognized.  Thus,  a  part  of  the  rise  at  Fulton  may  be  marked 
with  an  excess  of  Fulton  stages,  and  in  that  case  the  same  part  at 
Memphis  and  Mhoons  would  at  least  be  marked  with  the  same 
excess,  though  more  probably  it  would  actually  show  increments 
somewhat  greater.  Through  all  this,  however,  there  would  be  little 
doubt  that  the  same  flood  movement  was  still  there,  if  outside  con- 
ditions had  only  left  the  same  flood  in  the  river  to  show  it. 

The  Mhoons'  relation  is  given  here  as  an  instance  which  needs  a 
special  notice.  On  January  1st  (January  4th  at  Mhoons),  the  gauge 
reader  reported  that  his  gauge  was  washed  out,  and  that  readings  were 
taken  on  temporary  gauges.  This  continued  imtil  May  23d  when 
his  gauge  was  reset,  the  inspection  showing  that  his  readings  were 
2.2  ft.  too  low.  It  is  very  evident  from  the  relation  that  this  error 
was  made  at  the  first  setting  of  his  temporary  gauge,  and  if  it  is  so 
taken  the  flood  movement  is  shown  to  be  very  fairly  continuous  to 
Mhoons.  But  if,  on  the  other  hand,  the  error  had  been  distributed 
over  the  whole  period  up  to  the  inspection,  as  is  often  done  before 
the  gauge  readings  are  published,  it  would  have  given  an  altogether 
incomprehensible  surface  movement  of  the  river  there  for  about  five 
months.  This  is  simply  a  caution  which  should  be  borne  in  mind  con- 
tinually in  any  use  of  the  gauge  data. 

It  is  this  process  of  recognizing,  in  the  extension-gauge  relations, 
what  (lues  not,  as  well  as  what  does,  show  the  flood  movement,  which 
gives  all  the  certainty  to  its  determination  from  the  ordinary  gauge 
data.  The  method  may  be  said  to  be  almost  mechanical.  The  inter- 
vals of  the  various  reaches  are  determined  by  trial.  Stages  between 
the  readings  of  the  lower  gauges  are  then  interpolated  by  these  inter- 
vals, and  are  each,  for  the  given  day,  the  effect  of  the  given  reading 
on  the  gauge  at  the  head  of  the  reach,  in  so    far    as    this   has   been 
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determined  approximately  by  trial.  These  are  then  plotted  in  succes- 
sion, showing  the  whole  surface  movement  over  hundreds  of  miles, 
everywhere  as  nearly  in  the  one  relation  of  cause  and  effect  as  a  single 
time  adjustment  will  give  it  ;  and  all,  for  the  better  part  of  a  year,  are 
brought  finally  under  the  eye  at  once,  and  in  quick  succession  a 
number  of  years  can  be  examined.  After  that  the  whole  matter  is 
simply  one  of  intelligent  seeing. 

Such  a  flood  movement  as  that  of  Fig.  12  is  seen  frequently  and 
through  long  periods,  extending  over  the  shorter  reaches,  but  with  little 
precision  in  the  time  intervals;  while,  again,  through  the  long  reaches, 
with  the  much  smaller  percentage  of  error  in  the  intervals,  the  flood 
movement  can  be  followed  only  through  shorter  or  less  frequent 
periods.  But  as  far  as  it  is  so  recognized  and  followed,  so  far  it  is 
determined.  Its  actual  rate  is  not  given  precisely  between  any  of  the 
gauges,  but  it  is  there,  or  it  would  not  be  found  precisely  in  their 
summations  of  it. 

In  the  case  given,  the  movement  may  be  said  to  be  recognized  down 
to  Mhoons,  and  the  interval  there  determined  to  the  nearest  tenth  of  a 
day,  or  to  within  ±  0.05  in  a  total  interval  of  3  days.  This  is  less 
than  2%;  and  again,  where  the  same  movement  is  recognized  down  to 
Helena,  or  through  a  total  interval  of  3.>  days,  the  limit  of  error  is 
then  reduced  to  less  than  1.5%;  and  noting  repeatedly  just  such  a  flood 
movement  in  different  floods  and  through  all  the  different  stages 
within  banks,  it  comes  to  be  held  as  a  very  general  phenomenon  of 
the  river,  observed  with  a  good  deal  of  precision,  and  certainly  deter- 
mined more  closely  than  might  have  been  expected  simply  with  inter- 
polations between  daily  gauge  readings. 

This,  however,  is  all  a  case  of  the  constant  interval,  or  the  flood 
movement  which  does  not  vary  with  stage.  Type  (4),  Fig.  11,  or  the 
flood  movement  which  varies  with  stage,  is  recognized  and  its  form  is 
followed  in  the  extension-gauge  relations  in  much  the  same  way. 
That  is,  as  the  further  a  flood  goes  which  does  not  change  its  form, 
the  more  certainly  is  it  seen  that  its  form  is  unchanging;  so,  in  the 
case  of  a  flood  which  changes  its  form,  the  further  it  goes  the  more 
distinctly  this  shows  itself  in  its  greater  divergences  from  the  standard 
form  at  the  head  of  the  reach.  Thus  if  type  (4),  Fig.  11,  showed  a 
perfectly  uniform  increase  of  flood  movement  with  stage  for  100  miles, 
in  200  miles  it  should  everywhere  show  just  twice  the  divergence. 
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However,  the  case  of  a  variable  flood  movement  is  never  quite  so 
simple,  for  it  represents  a  condition  which  cannot  continue  indefi- 
nitely. Thus,  the  upper  part  of  a  flood  cannot  go  on  moving  much 
Easter  than  the  lower  part  without  coming  to  a  point  where  it  would 
topple  over;  and,  before  it  reached  this,  any  uniform  or  normal  move- 
ment which  it  might  have  at  a  given  stage  would  certainly  be  modified 
by  the  abnormal  form  which  the  flood  was  taking. 

It  is  this  fact  which  makes  the  determination  of  the  flood  move- 
ment in  the  Missouri,  from  the  ordinary  gauge  data,  so  intricate.  In 
the  Missouri  it  has  probably  as  definite  a  normal  character  as  that  of 
the  Lower  Mississippi,  but  this,  in  the  Missouri,  is  a  very  decided 
increase  with  stage,  and  the  normal  movement,  therefore,  is  modified 
at  least  by  limiting  forms  of  the  floods,  and  is  subject  to  variations 
with  their  changes.  This,  with  the  fact  that  interpolations  between 
daily  gauge  readings  are  necessarily  a  less  precise  surface  measure  in 
its  short  and  sharp  floods,  and  that  its  tributaries  through  long  reaches 
have  a  much  larger  proportionate  effect  on  the  main  river,  all  taken  to- 
gether, deferred  anything  like  the  setting  of  values  for  the  normal  flood 
movement  in  the  Missouri  to  a  much  more  advanced  stage  of  the  study. 

It  is,  however,  m  this  contrast  that  it  should,  perhaps,  be  noted 
that  a  given  flood  movement  in  a  river  is  not  a  law  but  a  fact.  Even 
with  the  general  character  of  the  constant  interval  on  the  Lower 
Mississippi,  there  are  still  a  few  specially  sharp  floods  and  some 
short  periods  in  the  transitions  from  stationary  to  flood  condi- 
tions which  seem  to  be  exceptions.  But  that  does  not  detract  at  all 
from  the  significance  of  the  fact  that  its  whole  surface  movements 
from  low  water  up  for  almost  its  whole  time  are  certainly  held  in  this 
given  fixed  relation. 

As  simply  an  empiric  constant,  running  through  the  infinitely 
complex  and  ever-changing  conditions  of  flow,  this  recurrent  flood 
movement  seemed  to  be  the  one  thing  in  that  river  which  did  not 
change;  but  why  it  should  be  of  the  same  rate  at  high  water  as  at  low, 
while  the  mean  velocity  of  the  river  for  the  same  change  about  doubled 
its  value,  or  why  it  should  be  over  400  miles  a  day  from  Baton  Bouge 
to  Carrollton  when  even  the  high-water  velocities  there  were  less  than 
100,  were  questions  at  the  time  well  calculated  to  puzzle  anyone;  for 
probably  everyone  would  first  try  to  explain  this  flood  movement  by 
the  direct  movement  of  the  water  down  the  river. 
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Such  considerations  may  have  some  value  in  finally  knocking  out  of 
the  investigator  himself  any  remnant  of  a  delusion  that  water  moves 
in  threads  and  filaments;  but  as  these  considerations  lead  to  nothing 
in  the  matter  in  hand  they  are  here  omitted.  This  flood  movement  is 
simply  taken  as  it  is,  a  well-determined  fact  of  the  river,  which,  as  a 
fact,  naturally  rests  on  some  property  of  the  river  as  a  whole  which  is 
altogether  as  general  and  as  strikingly  fixed  as  the  flood  movement. 
Anyone  is,  of  course,  at  liberty  to  try  and  find  this  property  in  ob- 
served velocities  if  the  total  independence  between  the  two,  in  the 
cases  just  cited,  does  not  satisfy  him. 

Yet,  with  all  the  river  absolutely  determined  in  its  scales  of  stage, 
and  such  a  property  of  the  river  as  disclosed  by  this  flood  movement 
also  given,  it  seems  certain  that  somewhere  there  is  to  be  found  some 
equally  absolute  relation  between  them.  But  seeing  this  and  getting 
the  relation  are  quite  different  matters,  and  it  was  not  until  the  writer 
had  studied  analytically  the  case  of  flood  movements  in  a  chain 
of  lakes  or  reservoirs*  that  he  began  to  be  able  to  calculate  some  of 
the  elements  of  a  river  from  its  given  discharge  curves  and  flood  move- 
ments. The  methods  at  first  were  crude  and  laborious  in  the  extreme, 
and  need  not  be  considered  here  further  than  to  note  the  final  step  in 
this  chain  of  investigation,  for  from  here  on  the  question  will  be  taken 
up  as  an  immediate  deduction  of  a  fundamental  physical  equation  of 
rivers,  with  simply  examples  of  its  application. 

Mathematical  Analysis  and  Computed  Regimens. 

It  is  plain,  of  course,  that  for  a  given  difference  in  discharge 
between  the  upper  and  lower  ends  of  any  reach,  the  rate  of  rise  or  fall 
in  the  reach  is  determined  solely  by  the  area  of  its  water  surface  at 
that  time.     This  general  relation  is  given  by  the  equation. 

[Ql—Q.1)dT=A  (dh) I 

where  Qy  =  the  upper  and  Q.,  =  the  lower  discharge  in  cubic  feet  per 
second,  T—  the  time  in  seconds,  A  =  the  surface  area  in  square  feet, 
and  [d  h)  =  the  mean  rise  in  the  reach  on  a  scale  of  feet  in  the  differ- 
ential interval,  d  T. 

So  far,  this  simply  expresses  the  fact  that  a  cubic  foot  of  Avater 
requires  a  cubic  foot  of  space,  and  expresses  the  condition  of  the 
whole  of  a  river  as  it  does  everv  other  form  of  variable  flow.     For  the 
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river,  the  special  problem  is  to  express  the  terms  in  this  condition  in 
elements  which  may  be  determined  independently. 

Now,  in  whatever  condition  of  rise  or  fall  any  river  may  be,  (-j-j) 
is    the   rate    of   change   of  discharge    with  its   change   of  stage,  and 
(    ,  7, )  is  the  rate  of  change  of  stage  at  any  point  of  its  flood  oscil- 
lations.    The  change  in  the  value  of  discharge  in  an  assumed  interval 
A  T  is  then  (  j—|  )  (  -=-= )  A  T.        Now,    whatever   this   may   be  on 

either  rise  or  fall,  there  is  some  j^oint  down  stream  at  a  distance  A  I 
where  the  value  of  discharge  at  the  end  of  the  interval  A  Tis  just 
what  it  was  at  the  upper  point  at  the  beginning  of  the  interval.  The 
difference  in  discharge  between   the  upper   and   lower   ends   of  the 

reach,  of  length  J  /,  is  then  \-j-j  )  (   7-7/7)  ^  T ;  and  the  surface  area 

of  this  reach  is  W  A  /,  where  IF  is  its  mean  width  in  feet.  Substitut- 
ing these,  respectively,  for  Qx  —  Q,7  and  A  in  equation  I  gives 

or 

(dQ\  (dh\_  wAl(dh) 
\dhj  \dTJ~       AT  dT 

In  this  form   (  -  ■ -     J   and  [—~  are  not  necessarily  identical,  for  d  h 

in  the  first  is  the  rise  in  the  interval  d  T  at  the  head  of  the  reach 
and  (d  h)  is  the  mean  rise  over  the  whole  reach  during  the  same 
interval.     As,  however,  the  corresponding  magnitudes  of  A  I  and  A  T 

are   reduced,  the  difference   between  (  :3-=  )  and  L_J   may  be  made 

\d  T  /  d  T         ° 

smaller  than  any  assignable  quantity  and  finally  disappear  from  the 

equation  as  a  differential  when  — -     becomes  (  ^—=  )  . 
Hence, 

Now,  by  its  definition  here,  (JrjiJ  is  the  flood  movement  at  that 
point  of  the  river,  or  the  rate  at  which  equal  stages  or  discharges 
move  down;  and,  representing  its  value  in  feet  per  second  by  m,  the 
equation  becomes 

d  Q 

-dJ=mW- n 
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It  may  be  noted,  in  the  above  process,  that  the  parentheses  (  )  have 
been  used  to  indicate  definite  physical  values  determined  indepen- 
dently.    Thus  (  -jy  )  is  given  by  the  discharge  curves.     On  the  Lower 

Mississippi  it  may  vary  from  10  000  at  low  water  to  60  000  at  high 
water;  or  in  the  Missouri  from  3  000  to  40  000;  and  it  is  commonly 
referred  to  anywhere  as  the  change  of  discharge  per  foot  of  rise  or 

fall  there.     Again,    (  --^ )  is  the  rate  of  rise  or  fall  at  any  time.     It  is 

in  common  use  as  feet  per  day  or  inches  per  hour,  but,  being  expressed 
here  in  second  units,  its  value,  for  a  rise  of  2  ft.  per  day,  is  „,/],,,,. 

And,  finally,  the  (  -jyp  )  is  that  rate  of  flood  movement  which  was  at 
h 


— L 


Fig.  13. 

last  determined  with  precision,  at  least  for  long  reaches,  in  the  pre- 
ceding study  of  that  subject. 

With  these  in  mind,  the  process  of  deduction  is  simple  enough, 
and  it  is  seen  readily  that  Equation  II  is  a  most  general  equation  of 
rivers,  true  for  every  element  of  any  river  from  high  to  low  water  and 
from  one  end  of  it  to  the  other.  But,  before  going  further,  it  may 
perhaps  be  as  well  to  give,  in  addition,  a  somewhat  more  distinctly 
physical  deduction  of  it. 

Taking  then,  as  in  Fig.  13,  an  origin  Ox  on  the  surface  at  the  upper 
point  at  a  given  stage,  and  the  axis  of  La  length  of  the  river  I  elow  at 
the  same  stage  ;  its  level  representing  the  surface  slope  of  the  river 
when  the  discharges  are  equal  at  the  two  ends,  or  the  river  is  on  a  stand 
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all  the  way  down;  then,  with  the  ordinate  h  measuring  the  change  of 

stage  from  this  stand,  the  actual  surface  of  the  reach  in  any  given 

rise  is  shown  by  the  line  Ox  02.      Taking  now  b  b,  an  element  of  the 

discbarge  curve  for  the  reach,  its  absolute  value  everywhere  at  the 

d  0 
level  0,  L  being  Qv  and  the  rate  of  its  change  of  value  -jj-,  then,  if 

A  T\s>  the  interval  which  it  takes  to  rise  from  0.,  to  the  level  0X  L  and 
A  h.,  the  corresponding  change  of  stage  there,  at  the  beginning  of  this 

d  Q 

interval  the  upper  discharge  is  Q}  and  the  lower  is  Q{ -jy  Ah2,  the 

difference  being    §,  —  (  Qx -—■  A  h2  )  =  -—y  A  h2.     In  the  same  way, 

d  Q 

at  the  end  of  the  interval  A  T,  the  upper  discharge  is  Qx  -\ — j~-  A  hx 

and  the  lower  discharge  is  Qv  the  difference  being 

The  mean  difference  in  the  discharge  between  the  upper  and  lower  ends 

of  the  reach,  through  the  interval  A  T,  is  therefore  C—r~  (  — -^ ), 

an  \  2  / 

and  there  is  thus  brought  into  the  reach  during  this  interval  a  quantity 

d  Q  ( A  h,  +  A  J/. A    .  _  , 

-jj-  \—  — 5 —  —  J  A  1  more  water  than  is  carried  out.      This  must 

fill  the  volume  indicated  by  the  vertical  area  A  l(  — -?-^- )  multi- 
plied by  the  width  of  the  river  W. 
And  equating  these  two 

<>r.  as  before, 

d    'J  ,rr     A    I 

~dJ=WAT  =  mW- H 

The  application  of  this  equation  may  perhaps  be  best  noted  by 
bringing  it  into  comparison  with  the  ordinary  hydraulic  formula 

v  =  c-\/~s (1) 

d  Q 

lih=mW (a) 

Thus    (1)    aud    (2)    have   in   their    order   essentially    similar   physical 
measures.      For  instance,  v  in  the  river  is  obtained  by  measuring  the 
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discharges  from  high  to  low  water  and  dividing  them  by  the  corre- 
sponding   areas    of    their  cross-sections;    while  —--j-  is  obtained    by 

plotting  them  to  the  corresponding  gauge  readings  and  differentiating 
the  resulting  curve.  In  the  same  way,  s  and  m  are  taken  from  surface 
observations  ;  one  being  a  rate  of  changing  level,  the  other  a  rate  of 
advancing  stage;  while  r  and  TFare  simply  characteristic  lengths,  the 
first  a  sort  of  inverted  radius,  or  area  divided  by  wetted  perimeter,  the 
second  a  plain  surface  width. 

Finally,  also,  in  applying  the  formula  v  =  c  V r  s  to  a  perfectly 
general  form  of  flow,  where  everything  may  have  any  arbitrary  varia- 
tion in  a  given  length,  subject  alone  to  this  condition,  even  if  it  ex- 
pressed everywhere  such  a  variation  and  the  c  in  it  was  an  absolute 
constant,  it  would  still  be  very  evident  that  the  element  through 
which  it  must  be  taken  is  not  a  uniform  length  element.  Thus,  if  it 
is  to  be  summed  into  an  equality  and  averaged,  the  given  length  is  to 
be  divided  into  a  certain  number  of  elements,  each  v  A  Thong,  and  in 
each  of  which  it  expresses  an  equality,  and  the  general  relation  of  the 
whole  distance  is  the  average  of  these  elements.  That  Equation  II  has 
exactly  the  same  characteristic  may  be  seen  readily  by  taking  it  before 

its  reduction,   as  —r-f-  A  T—  W A  I.    For  W A  lis  simply  the  surface 

area  in  the  variable  elements  of  length,  and  -jj-  A  T  corresponds  to 

the  v  A  T  for  each  of  the  constant  intervals  of  time  into  which  the 
distance  may  be  arbitrarily  divided. 

Here,  however,  the  parallel  ceases,  the  ordinary  hydraulic  formula 
refers  in  the  main  to  conditions  in  which  the  discharge  is  fixed,  such 
as  tbe  discharge  of  a  pipe  under  a  given  head,  or  a  conduit  with  a 
given  form  and  slope;  and  it  is  certainly  a  most  necessary  relation 
there,  notwithstanding  the  fact  that  its  c  is  a  very  intricate  variable, 
for  Equation  II  has  no  application  whatever  to  such  a  case.  But,  on 
the  other  hand,  in  rivers  Nature  offers  a  condition  of  an  almost  con- 
tinually varying  discharge,  and,  as  there  is  no  way  by  which  an 
irregular  volume  can  be  measured  more  accurately  than  by  taking  the 
amount  of  water  required  to  fill  it,  in  such  a  field  the  fundamental 
relation  between  dimensions  and  the  action  on  them  of  these  varying 
in-flows  and  out -flows  is  not  only  applicable,  but  is  the  only  one,  in 
the  range  which  may  be  covered  by  it,  to  be  considered. 
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But,  of  course,  this  is  not  the  place  to  discuss  the  application  of 
either  of  these  formulas  to  all  the  conditions  of  flow  to  which  they 
may  be  applied.  And,  in  fact,  in  the  case  of  Equation  II,  there  are 
probably  a  number  of  applications  which  the  writer  has  never  yet 
thought  of.  He  has  been  interested  mainly  in  applying  it  to  alluvial 
rivers,  and  even  there,  in  those  reaches  in  the  Lower  Mississippi,  where 
the  gauge  relations  are  no  longer  straight  lines,  it  has  been  already 
intimated  that  its  application  in  each  case  was  a  special  and  a  single 
problem.  In  the  whole  of  this  lower  river  also,  with  its  peculiarly 
constant  flood  movement  from  high  to  low  water,  marked  with  decided 
differences  from  reach  to  reach,  there  are  some  questions  on  which  the 
writer  is  still  working.  The  only  case,  therefore,  which  will  be  offered 
here  is  its  application  to  the  general  regimen  of  the  Missouri  from 
Kansas  City  to  St.  Charles. 

The  1879  scales  of  stage  have  been  given  for  fifteen  locations  on  this 
reach,  in  the  former  study  of  discharge  and  gauge  data,  and  whether 
they  should  cover  equal  time  intervals,  or  simple  intervals  of  distance, 
is  not  here  a  practical  question,  since  their  longitudinal  sequence  has 
never  been  determined  on  this  river,  and  a  plain  average  of  them  is 
all  that  can  be  obtained,  and  also,  very  probably,  all  that  is  here 
necessary. 

The  average  of  the  equal  stages  in  the  tabulation  referred  to,  is 
17.1,  and  the  equation  of  the  St.  Charles  discharge  curve  in  terms  of 
its  stage  scale  is  Q  =  0.15  (ht  -f-  19)4  where  Q  is  the  discharge  in  cubic 
feet  per  second  and  hs  is  the  St.  Charles  stage  taken  from  a  zero  at  the 
low-water  level  of  5  ft.  on  that  gauge.  Calling  hin  the  average  stage 
of  the  reach  from  Kansas  City  to  St.  Charles,  it  is  plain  that 

h,  :  hm  =  20.0  :  17.1  or  h,  =  ^-hm 
and  substituting 

6  =  0.15(^^+19)' 

from  which 

^  =  1.117(^  +  16.3)*. 

The  corresponding  value  of  flood  movement  on  the  Missouri  has- 
not  yet  been  given;  and  indeed  there  were  a  number  of  questions  in 
flood  movement  which  were  purposely  left  to  be  answered  after  Equa- 
tion II  had  been  determined. 
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Solved  for  tliis  element,  it  is  m  =  -^  X   — rv->    and    with    tins    it 

W         a  h 

only  takes  a  glance  at  the  discharge  scales  in  Fig.  8  to  see  why  the 
flood  movement  is  so  much  slower  in  the  Upper  Mississippi  than  in 
the  Missouri.  In  the  same  way  the  marked  retardation  at  the  top  of 
the  great  flood  of  18S1  on  the  Missoiiri  is  simply  the  transition  from 
channel  tilling  to  valley  filling.  That  the  value  of  W changes  sharply 
in  such  a  transition  is  plain,  while  the  especially  irregular  forms  of 
the  over-flow  discharge  curves  have  been  noted.  And,  in  fact,  it  seems 
probable  that  if  these  forms  are  ever  to  be  determined  satisfactorily  it 
will  not  be  done  by  measuring  their  discharges,  but  by  measuring  the 
widths  of  over-flow  and  the  flood  movements,  and  calculating  them. 

Again,  the  400-miles-a-day  flood  movement  from  Baton  Rouge  to 
Carrollton  is  simple  enough  to  anyone  who  knows  the  physics  of  that 
part  of  the  river.  It  is  well  down  in  the  run-out,  where  the  range  of 
high  water  is  being  redticed  from  50  ft.  at  Red  River  to  nothing  at 
the  Gulf;  and  the  value  of  -—-  is  correspondingly  increasing;  while 
at  the  same  time  it  is  also  an  exceptionally  narrow  river.  It  is  clear, 
then,  from  the  equation,  that  values  of  m  will  be  found  here  out  of  all 
proportion  with  its  rates  elsewhere. 

And  finally,  the  constant  rate  of  flood  movement  from  low  to  high 
water  in  the  Mississippi  will  be  recognized  here  as  simply  a  special 
relation  between  its  general  discharge  curves  and  its  form.     So  long 

as     ,  y   and  W  varv  in  the  same  proportion  m  must  be  a  constant,  and 
ah 

that  they  have  such  a  variation  vertically  in  the  Mississippi  is  a  fact 
of  its  form,  and  that  they  do  not  have  such  a  variation  there  longi- 
tudinally is  another;  while  in  the  Missouri  they  have  no  such  special 
variation  together  in  either  direction.  But  still,  all  the  Missouri  scales 
of  stage  are  linked  together  in  a  chain  of  gauge  relations,  and  there  is 
little  doubt  that  this  river  has  fully  as  definite  a  form  of  its  own  to 

correspond  with  the  —pf-  given  by  them,  and  that   its  own  especial 

flood  movement  is  there,  as  certainly  as  it  is  in  the  Mississippi,  even 
though  it  cannot  be  determined  so  accurately  in  its  gauge  data. 

There  is,  however,  a  special  variation  of  m  which  must  be  consid- 
ered. It  has  been  seen,  of  course,  in  the  deduction  of  Equation  II, 
that  the  elements  of  rise  or  fall,  of  whatever  magnitude,  cancelled 
out  in  the  final  equation,  leaving  a  relation  which  was  immediately 
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independent  of  them.  This  does  not  mean  that  the  value  of  m  is  abso- 
lutely independent  of  the  rate  of  rise  or  fall,  but  simply  that  it  is 

changed  by  it  only  as  the  -t^  may  be  changed  by  it,  assuming,  at  the 
same  time,  that  the  element  of  form  W  aX  the  given  level  remains  the 
same. 

This  is  a  variation  of  the  flood  movement  from  its  normal,  of  the 
same  character  as  a  change  of  plane  in  the  discharge  data,  and  prob- 
ably this  is  the  only  surface  measure  in  which  all  those  variations  of 
discharge  at  the  given  level  can  ever  be  followed.  It  must  be  looked  to 
also  to  account  for  those  exceptions  to  the  general  flood  movement  noted 
in  the  Lower  Mississippi,  and  the  much  more  frequent  changes  of  the 
same  character  in  the  Missouri.  But  it  should  be  distinctly  recognized 
simply  as  a  variation  from  normal  flood  movement,  and  it  does  not 

dQ 
coincide  with  the  normal  discharge  or  the  normal  —%-   determined  for 

ah 

the  river. 

It  was  in  this  light  that  the  specific  determination  of  the  normal 
flood  movement  in  the  Missouri  was  taken  up.  The  extension-gauge 
relations  from  Kansas  City  to  St.  Charles  had  all  been  plotted  for  a 
period  of  15  years,  showing  the  character  of  the  whole  surface  move- 
ment there;  but  it  did  not  seem  worth  while  then  to  go  further  in  order 
to  pick  out  the  values  of  its  flood  movements  in  all  their  variations. 
But  when  it  was  understood  very  clearly  that  there  was  a  normal  move- 
ment there  which  rested  on  its  general  form,  already  so  distinctly 
marked  in  its  discharge  scales,  the  case  was  different.  The  extension- 
gauge  relations  were  then  examined  and  the  movements  at  those 
I  h -nods  least  affected  by  tributaries,  and  best  suited  to  give  normal 
values  for  different  stages,  were  taken  and  averaged  for  the  general 
relation. 

This  result,  expressed  in  miles  per  day  and  taken  on  the  same  stage 

scale  in  which  the  '—j-  of  this  reach  has  been  given,  is 
w  =  70+  3.27  hm. 
It  is  thought  to  be  correct  to  at  least  within  3  or  ±%,  but  it  does  not 
show  such  limits  as  distinctly  as  in  the  case  of  the  Lower  Mississippi. 
It  is  the  best  that  could  be  done  with  data  very  imperfectly  suited  to 
its  determination.  Its  simple  and  precise  determination  in  such  a  river 
will  require  other  data  than  those  of  the  ordinary  gauge  readings. 
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Equation  II,  when  m  is  taken  in  miles  per  day  instead  of  feet  per 
d  q  _     5  280 
dh   ~  86  400 


second,  becomes 


m  W, 


TTr      16.364  d  Q 

or,  W= -f-, 

m       da 

d  Q 

and  substituting  the  values  of  — y-r  and  m  gives  finally,  for  the  equation 

of  the  general  regimen  of  the  Missouri  from  Kansas  City  to  St.  Charles, 

W=  16.364  1-117(^+16^ 
70  +  3.27/^ 

This,  of  course,  is  simply  an  equation  of  dimensions.     It  gives  the 

value  of  TFfroni  high  to  low  water,  and,  as  such,  determines  the  dimen- 
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Fig.  14. 
sions  of  the  mean  hydraulic  prism  through  this  reach  of  river.  But  no 
co-ordinates  of  position  have  been  taken  anywhere,  and  therefore  any 
showing  of  its  mean  cross-section  must  have  a  further  assumption;  for 
any  number  of  areas  may  be  taken  between  two  levels,  all  having  the 
same  value  and  the  same  variation,  but  all  differing  in  their  actual  forms. 
Assuming  that  W  increases  symmetrically  from  an  imaginary  center 
line,  Fig.  14  shows  the  mean  cross-section  of  the  prism  for  this  reach. 
Of  course,  in  a  divided  channel,  the  actual  increase  of  W  with  stage, 
might  be  altogether  toward  the  center,  while  at  low  water  especially, 
its  increase  would  be  in  any  and  every  direction;  but  it  does  not  make 
any  difference  in  what  direction  it  increases,  so  that  the  amount  and  rate 
of  its  change  is  seen  distinctly,  and  this  is  shown  very  well  in  Fig.  14. 
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Above  the  water  line  of  the  400  discharge,  the  river  is  more  or  less 
out  of  its  banks,  and  that  is  the  limit  of  this  section.  What  ^-|  and 
m  may  be  above  that  is  not  known,  but  it  is  known  that  they  are  not 
continuous.  In  the  same  way  there  is  no  guarantee  that  they  would  be 
continuous  if  they  could  be  observed  below  low  water;  but  this  sec- 
tion is  not  cither  of  them,  but  a  form  of  the  river,  which  would  be  there 
just  the  same  if  all  the  water  on  the  instant  were  taken  out  of  it,  and 
this  relation  has  been  carried  down  to  10  ft.  below  low  water,  as  the  most 
probable  continuation  of  this  form  as  it  approached  its  lower  limits. 

Between  these  water  lines,  however,  this  regimen  of  the  Missouri 
is  simply  measured;  not,  of  course,  directly,  but  as  definitely  as  a 
distance  may  be  measured  with  a  base  and  two  angles.  This  measure 
also  has  in  it  probably  about  the  precision  of  ordinary  cross-section 
data;  but  it  brings  out  a  marked  form  of  bed  which  all  the  direct 
cross-section  data  has  never  even  suggested.  Indeed,  it  is  only  in  the 
late  surveys  on  the  Lower  Mississippi,  where  the  section  lines  were 
leveled  over  all  bars  and  up  to  the  high-water  limits,  and  large  means 
made  up  from  these,  that  types  of  this  character  began  to  be  shown. 
That  the  surveys  would  not  give  the  type  accurately  is  self-evident; 
for  any  artificial  method  of  makingupthe  means  from  them  can  hardly 
fail  to  average  values  which  belong  to  decidedly  different  stages.  But 
in  the  summations  of  these  surveys  the  essentially  triangular  character 
of  the  Lower  Mississippi  regimen  is  well  brought  out,  which  its  con- 
stant flood  movements  and  second-degree  discharge  curves  also  give 
for  it. 

It  is  this  type  of  regimen  which  represents  plainly  the  general  equili- 
brium between  the  erosive  and  bar-building  forces  of  the  given  river; 
and  the  type  in  the  Missouri  is  certainly  sufficiently  striking.  Unlike 
the  plain  triangle  of  the  Mississippi,  its  curvature  shows  that  its  forces 
tend  to  cut  a  sharper  central  thread  and  build  up  a  widening  bar  area 
as  the  stages  are  higher.  The  fact,  also  noted  before,  that  the  low-water 
level  in  the  Missouri  was  especially  susceptible  to  the  varying  forces 
found  in  the  sequence  of  high  and  low-flood  years,  is  here  made  very 
plain.  Considering  the  erosion,  its  action  practically  consists  in  cut- 
ting down  the  high  banks  into  this  central  thread  or  deeper  portion; 
for  the  bottom,  at  the  foot  of  a  cutting  bank,  is  rarely  above  low  water. 
All  the  caving,  therefore,  from  the  cutting  banks  and  bars  falls  into 
this  central  thread  and  through  the  low-water  season  it  all  stays  there, 
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while  the  flood  period  can  never  fill  any  of  it  back  above  the  stage  to 
which  the  flood  reaches.   • 

It  is  clear  that,  in  the  succession  of  low-flood  years,  this  normal 
regimen  may  be  change  J  very  materially,  this  central  thread  filled  up 
considerably,  with  all  the  widths  of  the  lower  portion  reduced,  and  the 
widths  of  the  upper  stages  increased  correspondingly.  While  again, 
to  maintain  the  general  average  regimen  of  the  normal,  the  action  of 
the  succession  of  high-flood  years  will  be  a  variation  of  regimen,  from 
the  same  causes,  but  equal  and  opposite  in  its  character. 

Fig.  15,  in  which  the  different  regimens  of  1883  and  1895,  before  re- 
ferred to,  are  given,  will  serve  to  show  this  action.  Neither  of  these 
regimens  has  the  data  needed  to  determine  it  absolutely,  and   they 
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Fig.  15. 
should  not  perhaps  be  taken  as  more  than  illustrations.  Thus  they 
are  not  definite  enough  to  enable  one  to  say  with  confidence  that  the 
extreme  range  between  erosion  and  filling  over  this  reach  is  a  variation 
in  mean  width  of  some  640  ft.  at  high  water  and  some  184  ft.  at  low 
water.  But  they  are  definite  enough  to  indicate  that  they  are  some- 
thing like  this,  and  that  they  are  certainly  complementary  and  always 
opposite  actions  of  the  same  system  of  forces. 

This  application  of  Equation  II  to  the  determination  of  the  regimen 
of  the  Missouri  is  simply  given  as  an  instance  of  its  uses.  It  is  seen 
that  the  whole  meaning  of  the  term  is  changed  by  it;  in  the  place  of 
regimen  being  but  a  convenient  expression  for  a  sequence  of  unknown 
phenomena  with  no  known  relations  between  them,  it  becomes  the  re- 
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cognized  resultant  of  the  counter-actions  of  erosion  and  bar  building, 
determined  accurately  and  calculated  easily. 

Of  course  nothing  is  calculated  easily  from  data  which  are  not  adapted 
to  it,  and  the  laborious  processes  here  followed  should  never  have  to  be 
repeated.  Continuous  automatic-gauge  records,  referred  to  the  proper 
plane,  should  read  the  flood  movement  directly  between  their  traces  of 
stage,  and  give  the  values  of  m  with  precision  from  tributary  to 
tributary,  and  through  reaches  which  have  no  great  changes  of  flood 
forms.  The  longitudinal  sequence  of  the  equal  stages  in  these  reaches 
is  also  easier  to  get  than  high  and  low-water  slope  lines,  and,  once  de- 
termined, its  mean  value  for  the  reach  is  probably  much  more  nearly  a 
constant.  With  these  then  it  is  simply  a  matter  of  taking  groups, 
each  of  some  six  or  eight  discharge  observations,  at  high-water,  at  mid- 
stage  and  at  low- water,  to  determine  positively  the  scales  of  stage  at 
one  or  more  locations  in  a  long  river.  And,  transferring  these  from 
gauge  to  gauge,  the  whole  river  is  then  known  absolutely,  and  its  form 
and  variations  of  form  can  be  calculated. 

It  is  this  which  is  offered,  in  the  place  of  the  endless  soundings  of 
cross-sections,  for  the  study  of  the  effect  of  work  in  the  construction 
reaches,  levee  effects  or  reservoir  effects,  and  for  all  the  sequence  of 
changing  regimens  in  alluvial  rivers,  which  perhaps  no  amount  of 
time  and  money  spent  in  hydrographic  surveys  would  ever  even  detect. 

It  is  hardly  necessary  to  say  that  such  data  may  open  new  problems 
in  river  hydraulics;  this  method  only  promises  to  answer  those  in 
sight;  and  even  for  those  more  experiment  and  more  work  than  is 
shown  herein  may  possibly  be  needed.     But  it  is  worth  understanding 

clearly  that  the  value  of  —±  and   m   for  every  point  of   stage  is  the 

equivalent  of  a  water-line  survey  of  the  reach  at  that  stage.  True,  the 
actual  measures  of  distance  in  the  survey  have  a  smaller  percentage  of 
error  than  can  be  looked  for  in  these  calculated  results,  but  measuring 
up  an  irregular  surface  area  from  the  field  measures  has  not.  The  real 
defect  in  the  survey,  however,  is  that  it  can  never  catch  the  reach  at 
any  one  stage,  and  to  reduce  it  to  a  uniform  stage  is  difficult,  to  say 
the  least  of  it.  On  the  other  hand,  the  flood  movement  not  only  takes 
the  areas  on  planes  of  equal  stage,  but,  in  its  sequence  from  high  to 
low  water,  readily  integrates  them  into  the  whole  river  prism. 

Of  course,  with  the  regimen  given,  Equation  II  may  be  used  to  cal- 
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culatetke  discharge;  but  in  these  changing  regimens  there  is  always 
the  corresponding  uncertainty  in  a  determination  of  the  absolute  value 
of  discharge  from  gauge  readings.  No  surface  levels  of  any  kind  in 
any  channel  can  give  its  discharge  unless  some  element  of  the  size  of 
the  channel  is  given  at  the  same  time,  and,  in  rivers  like  the  Missouri, 
the  first  thing  is  certainly  to  understand  its  changes  of  regimen. 

But  there  are  other  rivers  whose  regimens  may  be  fixed,  or  at 
least  which  change  so  little  that  it  would  be  enough  to  check  them  at 
long  intervals  or  ignore  their  changes  altogether,  and  in  these,  when 
the  regimen  of  a  reach  had  been  once  established,  the  flood  movement 
through  it  would  give  a  continuous  record  of  its  discharge,  in  all  its 
conditions  of  rise  or  fall,  probably  as  accurately  as  if  its  waters  had 
been  run  through  some  of  the  best  studied  forms  of  weirs.  And  if  the 
drainage  system  of  a  continent  is  ever  to  be  taken,  and  such  of  its  ele- 
ments determined  as  can  be  put  together  consistently,  it  would  cer- 
tainly seem  that  some  such  method  of  measuring  it  up  and  keeping  its 
record  would  be  absolutely  necessary. 
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This  paper  states  the  results  of  the  continuation  of  a  series  of  ex- 
periments to  determine  the  comparative  durability  of  paints  and 
varnishes,  which  experiments  were  begun  in  February,  1895,  and  were 
made  the  subject  of  a  paper  read  before  this  Society  on  November  4th, 
1896.  *  The  plates  described  in  that  paper  had  been  exposed  to  the 
action  of  sea  water  in  the  New  York  Navy  Yard  for  a  period  of  six 
months ;  those  to  be  described  now  were  chiefly  triplicate  sets,  one  set 
of  which  was  exposed  under  the  surface  of  the  sea  water  in  the  New 
York  Navy  Yard,  another  was  similarly  placed  in  the  Norfolk  Navy 
Yard,  while  the  third  was  placed  in  fresh  water,  in  Lake  Cochituate, 
near  Boston,  Mass.  All  were  placed  in  the  water  during  the  last  half 
of  June,  1897.  Those  at  Norfolk  and  Boston  remained  untouched  until 
July,  1899,  a  little  more  than  two  years;  but  those  in  the  New  York 
waters  were  in  cages  suspended  to  a  float  which  was  accidentally  sunk 
in  July,  1898,  and  more  than  half  the  plates  were  lost;  the  remainder 

Note.— These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mail  to  the  Secretary,  Discussion,  either  oral  or  written,  will  be  published  in  a 
subsequent  number  of  Proceedings,  and,  when  finally  closed,  the  papers  with  discussion 
in  full  will  be  published  in  Transactions. 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxvi,  p.  483. 
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were  taken  out  July  21st,  1899,  after  an  immersion  of  exactly  thirteen 
months. 

The  consent  of  the  Navy  Department  was  obtained  for  placing  the 
plates  in  the  Navy  Yards,  and  in  this  whole  matter  the  author  is  under 
great  obligations  to  >iaval  Constructor  F.  T.  Bowles  and  Assistant 
Naval  Constructor  R.  M.  Watt,  of  the  New  York  Yard,  and  to  Naval 
Constructor  A.  W.  Stahl,  of  the  Norfolk  Yard.  The  Boston  set 
was  placed  by  the  courtesy  of  Desmond  FitzGerald,  President,  Am.  Soc. 
C.  E.,  Engineer  of  the  Sudbury  Department,  Metropolitan  Water 
Board  of  Massachusetts. 

The  assistance  rendered  by  these  gentlemen  was  essential  to  carry- 
ing on  the  experiments.  The  frames  or  cages,  containing  the  plates  of 
steel  and  aluminum  which  had  been  painted,  were  placed  in  and 
removed  from  the  water  by  their  assistants;  the  New  York  plates,  on 
removal  from  the  water,  were  inspected  by  Mr.  Bowles  and  Mr.  Watt, 
also  by  representatives  of  some  of  the  technical  journals,  and  by 
several  engineers;  the  Norfolk  set  was  examined  by  Mr.  Stahl  and  by 
an  expert,  under  his  directions.  The  Engineering  Department  of  the 
Metropolitan  Water  Board  had  a  representative  on  the  ground  to 
inspect  the  plates  at  Lake  Cochituate,  but,  owing  to  unexpected  diffi- 
culties encountered  in  getting  the  plates  from  the  water,  it  was  found 
convenient  to  make  a  local  inspection. 

With  the  exception  of  the  ships'-bottom  paints,  which  were  applied 
in  the  New  York  Navy  Yard,  the  work  of  preparing  and  applying  the 
coatings  was  done  by  Edward  Smith  &  Company,  of  New  York  City, 
who  paid  all  the  expenses  incident  to  the  whole  work.  The  aluminum 
plates  were  furnished  free  of  charge  by  the  Pittsburg  Reduction  Com- 
pany. 

The  plates  were  suspended  in  open  cages  or  racks,  and  were  in  a 
horizontal  position  one  above  another,  about  2  ins.  apart.  They  fitted 
tightly  in  the  racks,  and  each  plate  was  supported  at  the  four  corners. 
The  racks  were  suspended  about  6  ft.  below  the  surface  of  the  water, 
but  at  Lake  Cochituate  they  were  laid  on  the  bottom,  which  was  hard, 
about  20  ft.  below  the  surface,  and  the  plates  were  vertical.  Besides 
the  plates  lost  at  New  York,  one  rack  containing  25  plates  was  lost  at 
Norfolk.  It  was  suspended  by  two  f-in.  galvanized  iron  chains,  which 
rusted  off.  This  gives  some  idea  of  the  severity  of  the  exposure.  All 
the  Boston  plates  were  recovered. 
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In  the  salt-water  tests  it  was  found  that  barnacles  and  other 
organisms  attached  themselves  to  the  lower  sides  of  the  plates.  In  the 
Norfolk  Navy  Yard  the  action  of  these  was  so  severe  as  to  destroy  the 
paint  on  the  under  sides  of  all  the  plates,  with  the  exception  of  those 
coated  with  the  Sabin  Pipe  Coating,  which  did  not  seem  to  be  affected, 
although  oysters  4£  ins.  in  length  were  found  growing  on  it.  When 
these  were  removed  the  coating  was  found  to  be  intact.  But  with  this 
exception,  it  should  be  remembered,  in  looking  over  Table  No.  1,  that 
only  one  side  of  the  plates  in  the  Norfolk  set  is  described,  the  coatings 
on  the  other  side  being  uniformly  destroyed,  while  in  the  New  York 
and  Boston  sets  both  sides  of  the  plates  are  included  in  the  descrip- 
tion. 

Such  varnishes  as  are  mentioned  in  this  paper  are  made  by  melting, 
at  a  temperature  of  700°  to  900°  Fahr. ,  certain  resinous  substances, 
such  as  Kauri,  Manila  and  Zanzibar  resins,  and  the  asphaltic 
mineral  known  as  gilsonite ;  100  lbs.  of  resin  is  usually  melted 
at  once,  and  to  this  is  then  added  a  quantity  of  linseed  oil,  also 
hot,  the  amount  of  which  varies  according  to  the  kind  of  varnish 
to  be  made.  If  20  galls,  of  oil  is  used  the  product  is  called  a  20- gall, 
varnish;  if  30  galls.,  it  is  a  30-gall.  varnish;  and  so  on.  The  mixture 
of  resin  and  oil  is  then  heated  for  some  hours  until  combination 
occurs,  and  the  product  is  then  thinned  with  spirit  of  turpentine, 
which  is  regarded  as  a  vehicle.  Varnishes  made  with  20  galls,  of  oil, 
and  with  Manila,  Kauri  and  Zanzibar  resins,  would  be  designated  as 
20  M.j  20  K.j  and  20  Z.,  respectively;  and  so  on.  Enamel  paints  are 
made  by  grinding  pigments  in  these  varnishes,  exactly  as  oil  paints 
are  made  by  grinding  the  same  pigments  in  linseed  oil. 

Inusmuch  as  it  has  been  believed  that  the  process  of  baking  adds 
to  the  durability  of  these  coatings,  in  a  few  cases  duplicates  were  pre- 
pared, one  of  which  was  baked  and  the  other  allowed  to  dry  at  the 
ordinary  temperature. 

The  general  scheme  was  to  apply  to  a  set  of  four  plates  a  set  of 
three  varnishes,  20  K. ,  30  K.  and  40  K. ,  and  pure  raw  linseed  oil. 
Then,  for  another  similar  set,  these  same  liquids  were  mixed,  by 
griudiug  with  white  zinc;  another  set  was  prepared  with  white  lead; 
anothei  set  with  ultramarine  blue;  another  set  with  graphite;  and  so 
on.  This  ought  to  show  whether  one  pigment  is  better  than  another, 
and  which  vehicle  is  the  best.     Besides  these,  plates  were  painted  with 
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pure  red  lead  in  pure  linseed  oil,  with  two  mixtures  of  red  lead  and 
white  zinc,  with  purple  oxide  of  iron  (crocus)  in  oil,  and  with  Prince's 
metallic  oxide  of  iron,  which  is  a  very  well-known  pigment  consisting 
of  iron  oxide  mixed  with  various  silicates,  in  oil. 

Besides  these  coatings  of  known  composition,  two  popular  and 
widely-known  proprietary  paints,  the  Eureka  paint  and  the  graphite 
paint  made  by  the  Detroit  Graphite  Manufacturing  Company,  were 
tried.  These  oil  paints  and  proprietary  paints  were  presumed  to 
afford  a  sort  of  standard  by  which  the  other  coatings  could  be  judged. 
The  coating  material  described  in  the  table  as  "Spar,"  is  one  of  the 
well-known  class  of  spar  varnishes  used  for  exterior  work,  and  the  kind 
used  was  made  by  Edward  Smith  &  Company.  The  "I.  X.  L.  No.  2  " 
is  a  well-known  interior  varnish.  The  substance  indicated  by  the 
initials  "  D.  M.  C."  is  Edward  Smith  &  Company's  "  Durable  Metal 
Coating,"  which  is  a  varnish  in  which  a  considerable  amount  of  gilson- 
ite  has  been  substituted  for  a  corresponding  quantity  of  resin. 
"  Parahydric  "  is  a  coating  similar  to  ''Durable  Metal  Coating,"  but 
containing  less  oil,  and  has  been  used  in  painting  the  interior  of  water- 
pipes.  "  S.  P.  C. "  is  the  Sabin  Pipe  Coating,  a  varnish  enamel  which 
is  baked  on  at  about  400°  Fahr. ,  and  which  has  been  used  on  some  of 
the  largest  hydraulic  works  in  this  country  and  is  largely  used  in 
coating  pipes  on  United  States  naval  vessels.  "  Keystone  "  is  a  well- 
known  pigment,  probably  ground  slate,  and  was  used  to  furnish  a  pig- 
ment composed  of  silicates  for  comparison.  The  iron  oxide  used  is 
the  purest  commercial  sesquioxide,  containing  over  95%  oxide  of  iron. 
The  purple  oxide  of  iron  is  oxide  which  has  been  subjected  to  pro- 
longed heating,  and  is  supposed  to  be  anhydrous.  The  "iron  oxide 
in  shellac"  mixture  was  prepared  from  a  formula  furnished  by  Naval 
Constructor  Bowles;  the  shellac  is  pure  "D.  C.  Shellac"  in  grain 
alcohol.  The  paints  known  as  Rahtjen's,  Mclnnes'  and  Holtzapfel, 
are  anti-corrosive  and  anti-fouling  ships'-bottom  paints,  and  were 
furnished  and  applied  by  the  New  York  Navy  Yard. 

The  nomenclature  and  abbreviations    of    Table  No.   1  are  as  fol- 
lows: 

20  K.  =  20-gall.  Kauri  Varnish. 

30  K.  =30      " 

40  K.  =40      " 

20  M.  =20      "     Manila.     " 
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30  M.  =  30-gall.  Manila  Varnish. 

40  M.  =40      " 

20  Z.  =  20     "  Zanzibar 

30  Z.  =30      " 

40  Z.  =40      " 

D.  M.  C.      =  Durable  Metal  Coating. 

S.  P.  C.        =  Sabin  Pipe  Coating. 

Urn.  Blue.  =  Ultramarine  Blue. 

W.  Z.  =  White  Zinc. 

W.  L.  =  White  Lead. 

A.  =  Pure  Aluminuni. 

A.  A.  =  Aluminum  Alloy,  95  per  cent. 

The  plates  used  for  the  purpose  were  of  uniform  size,  12  x  20  ins. ; 
part  of  them  were  aluminum  and  the  remainder  steel,  about  £  in.  in 
thickness.  Since  it  is  well  known  that  aluminum  is  not  acted  on  by- 
fresh  water,  the  aluminum  plates  were  all  put  in  the  New  York  and 
Norfolk  sets.  The  plates  numbered  from  151  to  163,  inclusive,  in  the 
New  York  set,  correspond  to  those  numbered  from  176  to  187,  inclusive, 
in  the  Norfolk  set,  and  are  pure  aluminum;  those  numbered  from  164 
to  175,  New  York,  correspond  to  188  to  200,  Norfolk,  and  are  aluminum 
plates  alloyed  with  5%  of  other  metal. 

Besides  these  regular  sets  of  plates,  a  cage  containing  24  plates, 
part  steel  and  part  aluminum,  which  had  in  1896  been  exposed  for  six 
months  in  the  New  York  Yard,  and  are  described  in  the  author's  paper 
in  November,  1896,  were  again  exposed  with  the  New  York  set.  Half 
of  these  were  lost  by  the  accident  already  referred  to,  but  the  re- 
mainder are  described  in  Table  No.  1.  Of  these,  Nos.  104,  105,  113, 
122  and  124  are  aluminum,*  and  the  rest  are  steel.  All  are  distin- 
guished in  the  table  by  the  date  (1896)  after  the  number. 

As  two  entire  cages  of  steel  plates  were  lost  in  the  New  York  Yard 
and  one  in  the  Norfolk  Yard,  the  descriptions  of  the  aluminum  and 
the  "  1896  "  plates  have  been  put  in  the  otherwise  vacant  spaces  of  the 
table.  All  the  plates,  except  those  coated  with  Sabin  Pipe  Coating, 
which  had  two  coats,  received  three  full  coats,  well  dried  between 
coats.  The  red-lead  paint  used  weighed  about  35  lbs.  to  the  gallon, 
and  was  put  on  with  the  plate  in  a  horizontal  position,  on  the  top  side 
of  the  plate.  After  the  paint  had  set,  the  plate  was  turned  over  and 
*  See  paper  already  refer  red  to. 
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the  other  side  was  painted.  The  steel  plates  were  all  of  the  grade 
known  as  pickled  and  cold-rolled,  and  were  cleaned  with  a  steel  wire 
brush.  They  were  not  pickled  after  they  had  left  the  steel  mill,  but 
their  surfaces  were  perfectly  clean  and  bright  after  being  brushed. 

Results. 

In  most  cases,  the  protective  coatings  seem  to  begin  to  deteriorate 
on  the  surface,  which  becomes  rough;  then  little  blisters  appear,  which 
are  caused  by  the  separation  of  the  last  coat  from  those  beneath; 
finally  the  undercoat  blisters,  in  which  case  it  is  found,  almost  invari- 
ably, that  rust  has  formed  under  the  blister.  If,  however,  the  coating 
is  porous — and  this  seems  to  be  the  case  with  the  ordinary  oil  paints — 
the  water  reaches  the  metal  and  causes  rust.  This  throws  off  the  paint 
film,  and  the  corrosion  spreads  rapidly  in  this  way. 

Protective  coatings,  such  as  are  applied  with  a  brush,  are  of  three 
classes : 

1.  Pigment  paints,  in  which  the  vehicle  or  liquid  part  is  either 
linseed  oil  (or  an  inferior  substitute)  or  varnish,  and  with  this  liquid 
portion  is  mixed  mechanically  a  powdered  solid,  usually  a  mineral 
substance  ground  to  a  fine  powder; 

2.  Red  lead,  which  is  a  mixture  of  red  lead  and  linseed  oil,  and 
which  does  not  dry  by  oxidation  as  do  other  oil  paints,  but  sets  like  a 
cement;  and 

3.  Varnishes. 

The  linseed  oil  in  ordinary  oil  paints  dries  by  the  absorption  of 
oxygen  to  a  tough  leathery  substance,  but  the  film  thus  formed  is  soft 
and  gummy,  and  is  quite  porous.  Pigment  is  added  to  the  oil  for 
three  reasons.  It  makes  the  liquid  thicker  and  more  viscous,  thus 
enabling  the  operator  to  put  on  a  thicker  film ;  it  makes  a  harder  film, 
which  will  better  resist  abrasion ;  and  the  particles  of  pigment  tend 
to  fill  up  the  pores  of  the  film,  thus  rendering  it  more  continuous. 

Varnish  forms  a  much  more  continuous  (less  porous)  film  than  oil, 
hence  it  is  better  adapted  for  use  in  paint,  and  this  is  shown  con- 
spicuously by  an  examination  of  these  tests,  where  the  oil  paints  have 
failed,  without  exception,  while  the  corresponding  varnish  paints  are, 
in  most  cases,  in  good  condition.  The  character  of  the  pigment  does 
not  seem  to  have  much  influence.  All  the  oil  paint  samples  were  so 
badly  rusted  that  differentiation  among  them  was  impossible.     It  may 
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be  thai  an  earlier  inspection  would  have  shown  differences,  but  the 
present  appearance  of  all  these  plates  is  so  similar  that  it  seems  un- 
likely, and  certainly  the  varnish  paints  do  not  show  any  great  differ- 
ences in  the  matter  of  the  pigments,  except  that  white  zinc  seems  to 
be  somewhat  the  best.  The  iron  oxides,  graphites,  and  pulverized 
slate  arc  all  alike.  The  red  lead,  in  the  Boston  and  New  York  sets,  is  far 
better  than  any  of  the  oil  paints.  The  mixtures  of  red  lead  and  white 
zinc  are  markedly  inferior  to  red  lead  alone.  In  the  Norfolk  test, 
which  was  much  more  severe,  the  red  lead  had  finally  been  quite 
destroyed.  Deterioration  in  the  case  of  red  lead  seems  always  to  start 
from  centers.  In  the  Boston  set,  the  red  lead  seemed  to  be  in  pretty 
good  condition,  but  would  probably  not  have  lasted  more  than  a  year 
or  so  longer.  It  shows  numerous  rust  spots.  The  blisters  all  start 
from  the  metal.  But  most  of  the  varnish  paints  are  much  better  than 
the  red  lead. 

A  study  of  the  varnishes  applied  without  pigment  seems  to  show 
that  in  the  fresh-water  exposure  the  process  of  baking  was,  on  the 
whole,  of  advantage,  but  not  greatly  so.  In  the  salt  water,  the 
unbaked  varnishes  were  better  than  the  same  varnishes  baked ;  this 
agrees  with  the  results  recorded  in  1896.  The  Manila  varnishes  are 
distinctly  inferior  to  the  Kauri  and  Zanzibar;  the  "Durable  Metal 
Coating"  is  best  of  all.  This  is  doubtless  due,  in  a  large  degree,  to 
the  fact  that  this  varnish,  which  is  intended  especially  for  the  protec- 
tion of  structural  steel,  is  made  with  a  heavy  body,  and  the  film  is  of 
greater  thickness  than  is  the  case  with  varnishes  intended  for  wood 
work.  Its  composition  has  also  been  very  carefully  studied  and 
designed  to  secure  great  durability,  which  is  of  much  less  importance 
than  other  qualities  in  ordinary  varnishes. 

By  far  the  best  results,  however,  with  the  exceptions  to  be  here- 
after noted,  were  obtained  from  the  best  of  the  enamel  paints.  Here, 
also,  the  Manila  varnishes  are  decidedly  inferior,  and,  in  the  opinion 
of  the  author,  these  should  be  excluded  hereafter  from  any  such  tests, 
ill  hough  they  make  a  much  better  comparative  showing  on  wood. 

In  the  enamel  or  varnish  paints,  those  made  with  the  more  elastic 
varnishes  (those  containing  the  most  oil)  are  decidedly  the  better. 
The  extreme  durability  of  these  is  well  shown  by  the  "  1896  "  plates. 
These  were  first  exposed  to  the  air  two  or  three  months,  then  they 
were  in  the  sea  water  six  months,  then  exposed  to  the  air  nearly  a  year, 
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then  under  water  thirteen  months,  and  have  since  been  exposed  to  the 
air  over  sixteen  months,  making  a  total  of  four  years,  and  they  are 
still,  to  all  intents,  perfect. 

It  is  true  that  the  air  exposures  have  been  indoors,  but  it  was  in  a 
building  adjacent  to  a  railroad  yard,  where  unprotected  iron  and  even 
nickel  steel  is  covered  with  deep  rust  in  two  or  three  months,  and  the 
air  is  often  so  acrid  as  to  cause  coughing.  Two  years'  continuous 
immersion  in  fresh  water  has  not  injured  some  of  these  enamels,  and  two 
years  in  the  excessively  severe  exposure  at  the  Norfolk  Navy  Yard  has 
left  several  of  them  in  good  condition,  a  few  being  practically  uninjured. 

It  is  generally  true  of  all  the  better  class  of  coatings  that  corrosion 
begins  at  the  edges  of  the  plate.  In  the  case  of  aluminum  plates,  it 
seems  evident  to  the  author  that  some  of  these  coatings,  notably  the 
"  Spar  varnish  "  and  the  "  Durable  Metal  Coating  "  have  been  gradu- 
ally thrown  off  by  corrosion  creeping  from  the  edge,  probably  from 
some  mechanical  injury,  under  the  varnish,  a  patch  of  which  remains 
uninjured  and  apparently  without  deterioration  on  the  middle  of  the 
plate.  This  fact  should  not  be  lost  sight  of  in  considering  this  matter, 
and  is  one  of  the  points  shown  by  an  inspection  of  the  plates,  but  not 
easily  brought  out  in  a  description. 

Undoubtedly,  the  most  obvious  and  conspicuous,  and  the  most 
instructive,  fact,  is  the  total  and  absolutely  universal  failure  of  linseed 
oil  films,  either  alone  or  mixed  with  any  of  the  numerous  pigments 
which  were  tried,  while  the  corresponding  varnishes  and  enamel 
paints  made  with  the  same  pigments  are  in  fair  to  good  condition. 
This  confirms  strikingly  the  opinion,  long  held  by  the  author  and 
many  others  of  greater  experience,  that  varnish  films  are  much  more 
impervious  and  resistant  than  any  others.  The  exceptional  cases  to 
be  noted  are  : 

First. — The  "  Sabin  Pijje  Coating,"  a  baked  enamel,  which  is  so 
much  superior  to  the  others  as  to  form  a  class  by  itself,  and 

Second.—  The  extraordinary  showing  made  by  pure  shellac  varnish 
in  the  Lake  Cochituate  test.  Shellac  varnish  is  simply  a  solution  of 
shellac  resin,  which  is  chemically  an  acid  substance,  in  alcohol. 

There  are  many  grades  of  shellac  ;  the  one  used  was  what  has  for 
many  years  been  known  as  "D.  C. "  orange  shellac,  and  it  was  dis- 
solved in  pure  91%  grain  alcohol.  Being  an  acid  substance,  it  is 
attacked  and  dissolved  readily  by  the  ammonia  in  the  atmosphere.     It 
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is  removed  easily  by  soap  and  water.  It  has  never  been  considered  a 
durable  varnish  as  ordinarily  used  on  wood  work,  and  it  does  not 
stand  at  all  in  the  sea-water  tests,  but  two  years'  exposure  under  20  ft. 
of  fresh  water  does  not  seem  to  have  injured  it  sensibly.  This  may  be 
a  very  serious  matter,  for,  while  in  this  regard  it  is  no  better  than 
some  other  varnishes,  such  as  "Durable  Metal  Coating,"  which  cost 
much  less  money,  shellac  varnish  has  some  important  and  exceed- 
ingly desirable  qualities,  which  no  other  varnish  has.  For  example, 
occasionally  we  are  confronted  with  the  problem  of  repainting  a  sec- 
tion of  large  water  pipe  which  can  be  spared  from  use  only  a  few  days. 
The  interior  of  this  pipe  is  damp.  The  best  that  can  be  done  with  it 
is  to  get  out  most  of  the  visible  water,  but  the  cold  surface  of  the 
metal  will  always  be  damp.  No  ordinary  varnish  will  stick  to  such  a 
surface,  and  corrosion  will  probably  be  set  up  at  once;  no  ordinary 
varnish,  of  sufficient  durability  to  be  worth  putting  on,  will  dry  in  the 
limited  time  at  our  disposal.  Now,  shellac  is  dissolved  in  a  vehicle 
which  has  an  intense  affinity  for  water,  and  it  is  highly  probable  that 
a  thin  film  of  dew  will  be  instantly  absorbed,  and  will  certainly  be 
removed,  by  the  evaporation  of  the  slightly  diluted  alcohol;  and 
shellac,  if  applied  in  a  thin  coat,  dries  with  the  greatest  rapidity. 
Three  coats  may  be  applied  in  eight  hours.  There  is  no  unpleasant  or 
dangerous  odor,  though  ventilation  should  be  secured,  both  on  account 
of  the  risk  of  fire  and  because  working  in  an  atmosphere  of  alcoholic 
vapor  produces  intoxication.  It  certainly  seems  from  this  test  as 
though  we  would  be  justified  in  using  shellac  varnish  in  such  a  case. 
It  is  expensive,  of  course,  and  it  is  very  likely  that  the  cheaper  grades, 
\\  Inch  are  found  in  ordinary  use  to  be  very  much  inferior  in  durability, 
would  not  be  so  efficient.  In  any  case  it  would  not  be  necessary  to 
use  it  where  the  conditions  are  such  that  some  equally  good  but  slower 
diving  coating  can  be  used. 

The  metal  plates  used  in  these  tests  were  free  from  rust  or  scale, 
and  showed  in  all  cases  the  bright  color  of  the  metal.  To  prepare 
plates  for  a  paint  test,  this  is  the  only  way  which  will  give  compara- 
tive results.  The  author  is  positive  about  this.  It  is  sometimes  said 
thai  we  do  not  get  our  metal  in  this  condition  when  we  paint  it,  and 
therefore  it  is  proper  to  make  tests  on  somewhat  rusty  iron,  or  on  iron 
with  mill  scale  on  it.  In  the  first  place,  we  ought  to  get  the  iron 
in  that  clean  condition,  and  the  author  is  not  without  hope  of  liv- 
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ing  to  see  the  day  when  it  will  be  done,  in  the  case  of  permanent  struct- 
ures; and  secondly,  he  is  satisfied,  from  many  years'  constant  experi- 
ence in  such  experiments  conducted  on  a  most  extensive  scale,  that  it  is 
absolutely  impossible  to  get  uniform  conditions  with  rusty  metal.  A 
dozen  metal  plates,  even  if  cut  from  the  same  sheet,  will  not  rust 
uniformly;  one  will  throw  off  a  scale  and  another  will  not.  The  mill 
scale  on  a  plate  will  be  almost  entirely  removed  from  part  of  a  plate  by 
passing  it  through  bending  rolls,  while  it  will  adhere  firmly  to 
another  part  of  the  same  plate.  If  this  plate  had  been  cut  up  and  used 
for  tests,  the  paint  on  one  piece  would  come  off  and  on  another  would 
stay  on,  and  the  scale  is  always  different  on  the  two  sides  of  a  plate. 

Exposure  tests,  such  as  these,  are  of  much  more  importance  than 
laboratory  tests.  The  manufacturers  of  paints  and  varnishes,  some  of 
whom  are  probably  the  best  experts  in  this  matter,  never  depend  on 
any  but  an  exposure  test.  It  is  by  no  means  impossible  that  rapid 
laboratory  tests  may  yet  be  devised,  but  such  crude  ones  as  have  been 
so  far  proposed  are  in  most  cases  of  little  value.  Such  a  test,  for 
example,  is  that  with  caustic  alkali.  This  is  a  substance  unknown  in 
Nature,  and  no  good  paint  will  stand  it,  while  a  perfectly  worthless 
paint  might  be  made  which  would  stand  it  very  well.  A  nitric-acid 
test  is  of  the  same  sort.  It  will  simply  burn  up  any  organic  substance, 
and  some  of  the  best  linseed  oil  paints  will  yield  to  it  most  readily. 
It  would  hardly  be  regarded  as  a  fair  test  of  the  comparative  health  of 
a  dozen  human  beings  to  administer  to  each  of  them  a  couple  of 
ounces  of  nitric  acid  and  keep  watch  to  see  which  lived  longest,  yet 
probably  each  could  take  a  few  drops  of  it  per  day  without  incon- 
venience. This  is  about  what  many  of  these  so-called  paint  tests 
amount  to.  Some  laboratory  tests  are  of  considerable  value,  but  none 
is  conclusive. 

It  has  frequently  been  objected  to  these  submarine  tests  that  they 
are  of  value  only  as  regards  the  same  conditions,  and  there  is  some 
justice  in  such  a  criticism;  but  it  is  much  weakened  by  the  obvious 
fact  that  there  is  a  practical  agreement  between  the  fresh-water  and 
the  sea-water  tests.  The  latter  were  most  severe,  but  in  most  cases 
the  difference  has  been  one  of  degree  only.  And  in  the  rather  large 
experience  of  the  author  and  his  associates,  these  tests  seem  to  agree 
in  general  with  aerial  exposures,  reasonable  exception  being  made  in 
the  case  of  coatings  intended  expressly  for  marine  or  for  aerial  use. 


SABIN  ON  PKOTECTION  OF  STEEL  AND  ALUMINUM.    [Papers. 
TABLE  No.  1. 


=' 

01 

: 

n 

t£ 

ts 

3 

3 
0 
0 
a 

jtj 
►J 

101  20  K. 

No  rust  except  where  dam- 
aged along  edges;  many 
very  small  blisters. 

Much  rust;  coating  much 
injured. 

407-20  Z. 

Not    much  corrosion,  but 
coating  about  destroyed. 

403-30  K. 
Like  401 ,  not  quite  so  good. 

405-30  M. 

Worse   than    404;    coating 
nearly  destroyed. 

408-30  Z. 

Like  407,  but  considerably 
better. 

403-40  K. 

Like  41.11. 

406-40  M. 

Not  quite  so  bad  as  405. 

409-Spar. 

Like   408,    but   perhaps   a 
little  better. 
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301-20  K.                              1    304-20  M. 

301  to  310,  coatings  not  destroyed:  all  considerably  in- 
jured: blistered  in  small  spots:  no  considerable  cor- 
rosion: 301  worst;  300  and  309  best.  307-6  not  bad. 

307-20 Z. 

302-30K. 

305-30  M. 

308-30  Z. 

303-40  K. 

306-40  M. 

309-Spar. 
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1  (1896)-W.  L.  in  20  K. 

Some   rust    along    edges; 
otherwise  in  good  condi- 
tion. 

16  (1896)-W.  Z.  in  20  M. 

One-fifth  of  one  side  rusted; 
all  the  rest  in  good  con- 
dition. 

47  (1896)-Spar. 

Coating    firm    and    good; 
very  little  rust. 

2  (1896)-W.  L.  in  20  K. 
Like  1. 

18  (1896)-W.  L.  in  8  M. 

Paint   hard    and    firm;    in 
good  condition. 

35  (1896)-S.  P.  C. 

A  little  corrosion  near  the 
edges;  otherwise  all  right. 

20  (1896)-W.  Z.  in  30  Z. 
Good.   No  blisters;  no  rust. 

113  0896)-S.  P.  C. 

Two  small  blisters;  other- 
wise good. 

22  (1896)-W.  Z.  in  20  Z. 

Good.       Some      corrosion 
along  edges. 
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410-  I.  X.  L.  No.  2. 
About  like  407. 

413-D.  M.  C. 

Good,  except  where  broken 
and  injured  along  edges. 

417-Parahydric. 
Numerous     isolated     rust 
spots  about    V±  in.  diam- 
eter;  coating  otherwise 
good. 
418-Parahydric. 

Like  417. 

Lake  Cochituate,  Boston. 

411-Shellac. 
Very  excellent  condition. 

414-D.  M.  C. 

Like  413. 

412-Raw  Oil. 

Surface      generally      cor- 
roded: many  tubercles. 

415-D.  M.  C. 

Like  413. 

41 9-Parahydric. 
Like  417. 

416-D.  M.  C. 

Like  413. 

420-Parahydric. 
Like  417. 

310-1.  X.  L.  No.  2. 

313-D.  M.  C. 

Many     small     blisters,    in 
outer  coat  chiefly;  very 
little  corrosion. 
314-D.  M.  C. 

Like  313. 

317-Parahydric. 
Coating  all  on;  no  blisters. 
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311-Shellac. 

Coating  practically  gone; 
badly  rusted. 

318-Parahydric. 
Like  317. 

312-Raw  Oil. 

Coating    destroyed;    very 
badly  rusted. 

315-D.  M.  C. 

Like  313. 

319-Parahydric. 
Like  317. 

316-D.  M.  C. 

Like  313. 

320-Parahydric. 
Like  317. 

124  (1896)-Spar,  one  sidel    105  (1896)-Chromium  ox- 
baked,                                       ide   in  20  K.,  one  side 
baked. 
Very    few   small   blisters,  jAfew blisters;  otherwise  in 
otherwise  perfectly  good. ;    excellent  condition. 
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104  (1896)-W.  Z.  in  20  K., 
one  side  baked. 

Like  124. 

122  (1896)-W.  Z.  in  20  K., 
one  side  baked. 

Like  122. 
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4-Jl    S.  P.  C. 

Perfect,  except  where  coat- 
ing is  in  one  or  two  places 
broken  at  edge  with  cor- 
rosion. 
122  s.  P.  C. 

Like  421. 

425-W.  Z.  in  20  K. 

Half  the  surface,  along  the 
edges,     blistered,     with 
rust  underneath. 
426-W.  Z.  in  30  K. 

Much  better  than  425;  some 
blisters;  little  corrosion. 

C.'s   W.Z.  in  20  M. 

Outer    layer     of    coating 
nearly  destroyed;  under 
coat  good. 

429-W.  Z.  in  30  M. 

A  few  slight   rust    spots; 
outer  coat  blistered. 

423- S.  P.  C. 

Like  421. 

427-W.  Z.  in  40  K. 

Good  condition;  some  blis- 
ters  in    outer   layer    of 
coating;  no  rust. 

430-W.  Z.  in  40  M. 

About     one-fifth     rusted; 
thin      rust.       Blistered; 
outer  coat  chiefly. 

424-S.  P.  C. 

Like  421. 
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321-S.  P.  C. 

Perfectly  good  condition. 
See  note  in  text. 

325-W.  Z.  in  -.'ii  K. 
Blistered;  not  very  good. 

179  A-I.  X.  L.  No.  2. 

Coating  all  gone. 

322-S.  P.  C. 

Like  321. 

176  A-20  K. 

Three-fourths   of    coating 
destroyed;  thin  rust. 

180  A-Spar. 

Two-thirds  of  coating  gone, 
but     one-third     in     the 
middle  perfectly  good. 

323-S.  P.  C. 

Like  321. 

177  A-30  K. 

Like  176. 

181  A-D.  M.  C. 

One-fifth    gone,    one-fifth 
blistered;          remainder 
good. 

324-S.  P.  C. 

Like  321. 

178  A-40  K. 

Coating  all  gone. 

182  A-S.  P.  C. 

One-tenth    gone    on    one 
edge;  remainder  all  right. 
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154  A-I.  X.  L.  No.  2. 

Varnish  half   gone.     Cor- 
rosion not  deep. 

151  A-20  K.                           |    155  A-Spar. 

Blistered  along  edges  and  Most  of  the  varnish  soft, 
a   few    spots.      Varnish     but   some    not   affected, 
firm.    Little  corrosion.         Not  badly  corroded. 

152  A-30  K.                            1     157  A-D.  M.  C. 

Much      corrosion;       some  Twenty  per  cent,  blistered 
deep.   Coating  half  gone:     around  edges.     Coating 
remainder  firm.                      firm;  not  much  corrosion. 

153  A-40  K.                                 158  A-S.  P.  C. 

Excellent.    Coating  not  in- 
Badly   corroded;     coating     jured,    except   by    acci- 
nearly  all  destroyed.             dent  in    removing  from 
i    frame. 
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431- W.  Z.  in  20  Z. 

Not  much  rust;  outer  coat 
badly     blistered:    under 
coat  slightly  so. 

436- W.  Z.  in  20  K.,  baked. 

Almost  perfect;  still  shows 
glossy  surface  of  varnish. 

439- W.  Z.  in  20  M.,  baked. 

Good:    coating   brittle    in 
places    and    shows    de- 
terioration. 

a 
o 
•+j 

m 

o 

M 

<D 

2 

o 
o 

a 

<D 

M 

cS 

432-W-  Z.  in  30  Z. 

Better  than  431.  Outer  coat 
blistered. 

437-W.  Z.  in  30  K.,  baked. 
Like  436. 

440-W.  Z.  in  30  M.,  baked. 
A  little  better  than  439. 

433-W.  Z.  in  Spar. 
Like  432. 

438-W.  Z.  in  40  K.,  baked. 
Like  43(1. 

441-W.  Z.  in  40  M.,  baked. 
Almost  perfect. 

435-W.  Z.  in  Raw  Oil. 

Four-fifths      of      surface 
badly  rusted;  deep  cor- 
rosion. 

183  A-S.  P.  C. 
Perfectly  good  condition. 

187  A-W.  Z.  in  Spar. 
Like  184. 

191  AA-I.  X.  L.  No.  2. 
Coating  all  gone. 
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184  A-W.  Z.  in  30  K. 

Fine;  no  rusting  nor  blist- 
ering. 

188  AA-20  K. 

Coating  all  gone. 

192AA-Spar. 

Three-quarters  gone;   like 
189. 

185  A-W.  Z.  in40K. 
Like  184,  but  discolored. 

189  AA-30  K. 

Three-quarters  gone;  small 
patch  in  the  middle  all 
right. 

193  A  A-Spar. 

Like  192. 

186  A-W.  Z.  in30Z. 
Like  184. 

190  AA-40  K. 
Half  gone;  like  189. 

194AA-D.  M.  0. 

One-third    badly  blistered 
from    edges;    remainder 
good. 

159  A-S.  P.  C. 

Like  158  A. 

163  A-W.  Z.  in  Spar. 

Not  deeply  corroded.    Sev- 
eral large  blisters;  other- 
wise in  good  condition. 

167  AA-I.  X.  L.  No.  2. 

Considerable  blistering  and 
corrosion.  Coating  easily 
scraped  off. 
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160  A-W.  Z.  in30K. 

Upper  side  perfect;  lower 
side     slightly    blistered. 
Coating  hard. 

164  AA-20  K. 

Badly     corroded ;     three- 
fourths   of    the    varnish 
destroyed. 

168  AA-Spar. 

Like  167,  but  not  badly  cor- 
roded. 

161  A-W.  Z.  in  40  K. 

No  blisters;  otherwise  like 
160  A. 

165  AA-30  K. 

Like  164  AA. 

162  A-W.  Z.  in  30  Z. 
Like  161  A. 

166AA-40K. 
Badly    blistered,    but    not 
badly  corroded.   Coating 
on  one  side  firm;   on   the 
other  soft. 

169AA-D.  M.  C. 

Many  blisters:    very  little 
corrosion;    coating   gen- 
erally Arm. 
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442-W.  Z.  in  20  Z.  baked. 

Nearly  perfect. 

445- W.  L.  in  20  K. 

Very  little  corrosion.  Some 
superficial  blisters. 

449-Um.  Blue  in  20  K. 

Considerable      rust;      not 
deep;    paint    practically 
destroyed. 

448-W.  Z.  in  30  Z.  baked. 

Excellent;  no  rust;  blisters 
superficial  and  few. 

446-W.  L.  in  30  K. 

Good    condition;    no  rust. 
Some  superficial  blisters. 

450  Um.  Blue  in  30  K. 
A  little  worse  than  449. 

444-W.  Z.  in  Spar,  baked. 
Like  443,  or  better. 

447- W.  L.  in  40  K. 
Like  446. 

451-Um.  Blue  in  40  K. 
Worse  than  449;  deep  rust. 

448-W.  L.  in  Raw  Oil. 

Much       deep       corrosion ; 
about  half  the  plate   in 

ti'ood  condition. 

452-Um  Blue  in  Raw  Oil. 

Like   451;     whole    surface 
rusted. 
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195  A.A-W.  /..  in  30  K. 

Good;  blistered  a  little  on 
the  edges. 

199AA-S.  P.  C. 

Blistered    a     little     from 
edges;      otherwise       all 
right. 

196  AA-W.  Z.  in  40  K. 

Fine,  but  discolored;  like 
185. 

200  AA-S.  P.  C. 
Like  199. 

197  AA-W.  Z.  in  30  Z. 

Fine,  but  blistered  a  little 
along  the  edges. 

351- Um.  Blue  in  40  K. 
Nearly  all  gone. 

198  AA-W.  Z.  in  Spar. 
Like  197. 

352-Um.  Blue  in  Raw  Oil. 

Coating     all    gone;     very 
badly  rusted. 
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170  AA-W.  Z.  in  30  K. 

Very  little  corrosion.    Blis- 
ters    amount      to     \% . 
Coating  good. 

174  AA-S.  P.  C. 

In    perfectly    good   condi- 
tion. 

171  AA-W.  Z.  in  40  K. 

Good,    but    not    equal    to 
170  AA. 

175  AA-S.  P.  C. 
Like  174. 

172  AA-W.  Z.  in30Z. 

No  corrosion;  no  blisters; 
excellent  condition. 

251-Um.  Blue  in  40  K. 

Very  many  small  blisters; 
very  little  corrosion. 

173  AA-W.  Z.  in  Spar. 
About  like  172. 

252-Um.  Blue  in  Raw  Oil. 

Uniformly  corroded:  coat- 
ing all  gone. 
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453-Graphite  in  20  K. 

Very    good;    some     small 
blisters. 

457-Keystone  in  20  K. 

Good  condition;    no  rust; 
some  small  blisters. 

461-Iron  Oxide  in  20  K. 

Very  little  rust:  small  blis- 
ters in  outer  coat 
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454-Graphite  in  30  K. 
Like  453. 

458-Keystone  in  30  K. 
Like  457. 

462-Iron  Oxide  in  30  K. 
Better  than  461;  no  rust. 

450-Graphite  in  40  K. 
Like  453. 

459-Keystone  in  40  K. 

A  little  rust:    many  small 
superficial  blisters. 

463-Iron  Oxide  in  40  K. 
Like  462. 

455-Graphite  in  Raw  Oil. 

Deeply       and       generally 
rusted:    about  one  tenth 
of  the  paint  still  good. 

460-Keystone  in  Raw  Oil. 

Badly  and  deeply  rusted; 
patches     of    paint     still 

g 1. 

464-Iron  Oxide  in  Raw  Oil 

Corrosion    deep    and   gen- 
eral; paint  all  gone. 

353-Graphite  in  20  K. 

Three-quarters  gone;  much 
rust. 

357-Keystone  in  20  K. 

Coating  blistered  and  one- 
quarter  gone. 

361-Iron  Oxide  in  20  K. 

Pretty  good    condition;    a 
few  blisters. 
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354-Graphite  in  30  K. 
Half  gone;  much  rust. 

358-Key  stone  in  30  K. 
Blistered, but  not  destroyed 

362-Iron  Oxide  in  30  K. 
Not  quite  as  good  as  361. 

355- Graphite  in  40  K. 
One-quarter  gone. 

359-Keystone  in  40  K. 

Blistered,  but    not  in  bad 
condition. 

363-Iron  Oxide  in  40  K. 
Like  361. 

356-Graphite  in  Raw  Oil. 

Nearly     all     gone;     badly 
rusted. 

360-Keystone  in  Raw  Oil. 
All  gone;  badly  rusted. 

364-Iron  Oxide  in  Raw  Oil 
Like  360. 

253-Graphite  in  20  K. 

A  few  blisters;   very  little 
corrosion. 

257- Keystone  in  20  K. 

No    corrosion;     numerous 
very  small  blisters. 

261-Iron  Oxide  in  20  K. 

Blistered,    but    not     very 
badly.     Not  much  corro- 
sion. 
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254-Graphite  in  30  K. 
Like  253. 

258-Keystonein30  K. 
Like  257. 

262-Iron  Oxide  in  30  K. 

Like  261.    Not  deeply 
rusted. 

255-Graphite  in  40  K. 

No    corrosion.      Paint    in 
good  condition.     Numer- 
ous very  small  blisters. 

259-Keystone  in  40  K. 
Like  257. 

263-Iron  Oxide  in  40  K. 
Like  262. 

250-Graphite  in  Raw  Oil. 

Uniformly  corroded;  coat- 
ing all  gone. 

260-Keystone  in  Raw  Oil. 

Coating      destroyed      and 
plate  badly  corroded. 

264-Iron  Oxide  in  Raw  Oil. 
Like  260. 
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165  Bed  Lead  in  Raw  Oil. 
Paint    still    tough:    looks 
well.     Blisters  from  the 
bottom  with  slight  cor- 
rosion beneal  h. 

469-Eureka  Paint. 

General    corrosion:    paint 
entirely  destroyed. 

470-Detroit  Graphite. 

Like  469;  paint  nearly  all 
destroyed. 

475-International    Holtz- 
apfel. 

Like  469. 

167-Prinee's    Metallic    in 
Raw  Oil. 
About  one-quarter  deeply 

rusted:  paint  practically 

all  gone. 

472-Iron  Oxide  in  Shellac 
mixture. 

Good  condition;  about  2^ 
rusted. 

477-Red  Lead  and  W.  Z. 
in  Raw  Oil. 
Many    deep     rust     spots; 

about     5% ;      remainder 

good. 

468-Purple  Oxide  in  Raw 
Oil. 

Like  4G7. 

478-Red  Lead  and  W.  Z.  in 
Raw  Oil. 

Like   477.    Not    nearly    as 
good  as  465. 
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365-Red  Lead  in  Raw  Oil. 

Coating   destroyed:    plate 
badly  rusted. 

369-Eureka  Paint, 
Like  365. 

374-McInnes'  Paint. 
Like  372. 

370-Detroit  Graphite. 
Like  365. 

375-International    Holtz- 
apfel. 

Like  365. 

367-Pnnce's   Metallic   in 
Raw  Oil. 

Like  365. 

372-Iron  Oxide  in  Shellac 
mixture. 

Paint  destroyed;    general, 
but  not  deep  corrosion. 

377-Red  Lead  and  W.  Z. 
in  Raw  Oil. 

Like  365. 

368-Purple  Oxide  in  Raw 
Oil. 

Like  365. 

373-Rahtjen's  Paint. 
Like  365. 

378-Red  Lead  and  W.  Z. 

in  Raw  Oil. 

Like  365. 
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265- Red  Lead  in  Raw  Oil. 

Coating   badly  destroyed. 
Considerable  corrosion. 

269-Eureka  Taint. 
Like  260. 

274-McInnes'  Paint. 

In     good     condition;      no 
barnacles. 

270-Detroit  Graphite. 
Like  260. 

275-International    Holtz- 
apfel. 
Paint   badly    gone;    much 

corrosion;     many    small 

barnacles. 

267-Prince's   Metallic   in 
Haw  Oil. 

Like  260. 

272-Iron  Oxide  in  Shellac 
mixture. 

A  few  blisters;   otherwise 
in  good  condition. 

277-Red  Lead  and  W.  Z. 

in  Raw  Oil. 

Coating  thin;  gone  in 
many  places;  consider- 
able corrosion. 

268-Purple  Oxide  in  Raw     273-Rahtjen's  Paint. 
Oil. 

Paint  badly  gone;  consid- 
Like  260.                      erable     rusting.      Many 
1    small  barnacles. 

278-Red  Lead  and  W.  Z. 
in  Raw  Oil. 

Like  277. 
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Table  No.  1 — [Concluded). 


481-30  K„  baked.                 j    484-30  M.,  baked. 

Practically    perfect;   coat-  Several  deep  spots  of  rust, 
ing  still  glossy.                  |    coating  badly  blistered. 

487-1.  X.  L.  No.  2,  baked. 
Like  481. 
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483-30  K.,  baked. 
Like  481. 

485-30  Z.,  baked. 
Like  481. 

488-Raw  Oil,  baked. 

Badly  and  deeply  rusted. 
Two-fifths  of  the  surface 
good. 

483-40  K.,  baked.                 j    486-Spar,  baked, 
Like  481.                                   Like  481. 

489-D.  M.  C,  baked. 

Fine:  a  few  small  blisters 
in  the  outer  coat. 

381-30  K.,  baked. 

Half    of    the   coating   de- 
stroyed;   the  rest  good. 
Not  much  rust. 

384-30  M.,  baked. 
Like  382. 

387-1.  X.  L.  No.  3,  baked. 
Like  386. 
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383-30  K,  baked. 

Four-fifths  destroyed ;  very 
little  rust. 

385-30  Z.,  baked. 
Like  382. 

388-Raw  Oil,  baked. 
All  gone;  rusted. 

383-40  K.,  baked. 
Like  383. 

386-Spar,  baked. 
Nearly  all  gone;  little  rust. 

389-D.  M.  C,  baked. 

Three-quarters   gone ;    re- 
mainder good:  very  little 
rust. 

281-30  K.,  baked. 

Plate  thinly  rusted  along 
the  edges. 

284-30  M.,  baked. 

Many  small  and  some  me- 
dium-sized blisters.    Not 
badly  rusted. 

287-1.  X.  L.  No.  3,  baked. 

Not  much  corrosion;  very 
small  blisters. 
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283-30  K.,  baked. 

Small   blisters,    with    thin 
rust  beneath,  over  most 
of  the  plate. 

285-30  Z.,  baked. 

Good  condition.  Very  little 
rusting.   Very  small  blis- 
ters. 

388-Raw  Oil,  baked. 

Badly   corroded.     Coating 
destroyed. 

283-40  K.,  baked. 

Very   small    blisters ;    not 
much  rust. 

286-Spar,  baked. 

Coating   badly  destroyed; 
much  corrosion. 

389-D.  M.  C,  baked. 

Very  many  small  blisters. 
Not  very  much  corrosion. 
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ON  THE  THEORY  OF  CONCRETE. 
Discussion.* 


By  Messrs.  William  B.  Fuller,  G.  L.  Christian  and 
Alfred  F.  Harley. 


Mr.  Fuller.  William  B.  Fuller,  M.  Am.  Soc.  C.  E.  (by  letter). — There  is  one 
point  which,  it  seems  to  the  writer,  has  not  been  made  sufficiently 
clear  in  this  discussion,  although  it  is  really  the  basis  of  the  most 
economical  mixture  for  any  given  quantity  of  cement.  If  we  make  a 
concrete  by  using  merely  cement  and  sand,  or  cement  and  stone,  it 
will  take  a  large  amount  of  cement  to  fill  the  voids  in  the  sand,  or  in 
the  stone,  for  any  given  quantity  of  concrete;  but  if  we  make  a  con- 
crete of  cement,  sand  and  stone,  the  sand  fills  the  larger  voids  in  the 
stone  and  the  cement  has  only  to  fill  the  remaining  voids  in  the  mass; 
a  very  much  smaller  percentage  than  in  either  of  the  first  two  cases. 
If,  in  the  mixture  of  cement,  sand  and  stone,  the  sand  and  stone  are  not 
in  proper  proportions,  the  cement  is  called  upon  to  do  more  work  than 
it  should;  that  is,  it  has  to  fill  the  larger  voids  of  this  excess  material. 
Take,  for  instance,  sand  having  45%  voids,  and  stone  having  40% 
voids.  With  the  sand  just  filling  the  voids  of  the  stone,  it  is  easily 
calculated  that  the  resultant  mass  has  18%"  voids;  but  supposing  an 
excess  of  10%  of  sand,  there  would  be  10%  of  the  material  having  45% 
voids,  which  means  there  would  be  2.5%  more  voids  in  the  resultant 
mass. 

The  2.5%  of  cement  necessary  to  fill  these  extra  voids,  it  is  seen,  is 
really   wasted,    for  the   resultant    concrete   would   have   been    much 
*  Continued  from  September,  1899,  Proceedings. 
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stronger  if  the  sand  had  been  decreased  and  the  stone  increased,  leav-  Mr.  Fuller, 
ing  the  same  amount  of  cement  2.5%  in  excess  in  the  mass. 

The  above  example  indicates  what  frequently  happens  in  mixing 
concrete.  Indeed,  it  is  what  is  frequently  advocated  in  discussion  and 
by  writings  on  the  subject;  that  is,  to  make  up  a  mortar  of  cement 
and  sand  and  mix  this  mortar  with  the  stone,  being  sure  that  the 
mortar  is  slightly  in  excess,  so  as  to  fill  all  the  voids  of  the  stone. 

This  is  what  is  known  as  drowning  the  stone,  and  the  resultant  con- 
crete is  hardly  any  better,  so  far  as  its  properties  are  concerned,  than 
a  concrete  of  cement  and  sand  alone.  After  the  stone  is  once  drowned 
no  addition  of  mortar  will  improve  the  concrete. 

The  writer  has  frequently  made  a  rich  concrete  of  a  poor  one  by 
simply  rearranging  the  proportions  of  sand  and  stone  without  in  the 
least  changing  the  proportions  of  cement  in  the  mass. 

It  must  be  apparent  that  there  is  just  one  proportion  and  only  one 
in  which  any  two  such  materials  as  sand  and  stone  can  be  combined 
and  give  a  minimum  number  of  voids  in  the  resultant  mass,  and  it 
seems  to  the  writer  that  this  is  the  proportion  in  which  they  should 
always  be  mixed,  whether  we  want  a  poor  or  a  rich  concrete.  Mix  the 
sand  and  the  stone  in  a  definite  fixed  quantity  as  determined  by 
experiment  for  the  particular  material  in  use,  and  then  add  cement  as 
economy  dictates,  possibly  up  to  10°0'  in  excess  of  the  voids  of  the  com- 
bined material. 

This  suggests  another  proposition  which  must  be  almost  self- 
evident,  namely,  that  the  proper  selection  and  grading  of  the  sand 
and  aggregate  so  as  to  produce  the  least  number  of  voids  will 
allow  of  a  corresponding  reduction  in  the  amount  of  cement  used 
without  reducing  the  quality  of  the  concrete  desired.  In  making  up 
such  mixtures,  however,  the  necessary  relation  of  the  size  of  the  par- 
ticles of  the  different  materials  should  be  kept  in  mind,  that  is,  the 
particles  of  each  material  should  be  small  enough  to  easily  enter  the 
voids  formed  by  the  particles  of  the  next  larger  material;  otherwise 
they  will  be  left  out  and  themselves  form  voids,  which  must  be  filled 
by  the  finer  material  or  remain  unfilled,  to  the  detriment  of  the  con- 
crete. 

It  is  quite  common  to  find  sand  used  which  is  too  fine  for  the 
cement,  or  sand  in  which  the  larger  particles  act  merely  as  stone,  or 
stone  with  its  voids  partly  filled  with  sand  or  dust. 

The  proper  proportions  of  sand  and  stone  can  be  determined  by 
mixing  sample  batches  and  determining  their  voids  by  any  of  the 
well-known  methods;  or,  another  very  satisfactory  method,  as  it  also 
gives  information  as  to  the  relative  sizes  of  the  materials,  is  to  make  a 
mechanical  analysis  of  all  the  materials  in  the  manner  prescribed  by 
the  Massachusetts  State  Board  of  Health  for  the  analysis  of  sands,  and 
from  the  resultant  curves  figure  the   composition   giving  the  highest 
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Mr.  Fuller,  uniformity  coefficient.  The  writer  lias  used  the  foregoing  methods  in 
concrete  structures  with  uniform  success  in  the  reduction  of  the 
amount  of  cement  required,  without  reducing  the  apparent  quality, 
and.  by  changes  in  the  proportions  of  the  aggregates,  has  maintained  a 
uniform  quality  of  concrete,  through  the  use  of  a  wide  range  of  aggre- 
gates, without  changing  the  percentage  of  cement. 

In  discussing  the  relative  merits  of  hand-mixed  and  machine-mixed 
concretes  it  is  quite  essential  that  the  kind  of  machine  with  which 
the  comparison  is  made  should  be  stated,  as  there  is  as  much  differ- 
ence between  the  products  of  different  machines  as  between  that  of 
good  and  poor  hand-mixing.  With  a  machine  of  the  cubical-box  type, 
into  which  all  the  materials,  including  the  water,  can  be  measured 
accurately,  the  product,  as  far  as  observation  can  establish  it,  is 
superior  to  the  best  hand  work.  With  such  a  machine  the  writer  has 
seen  concrete,  of  almost  absolutely  unvarying  quality  and  consistency, 
produced  for  days  at  a  time. 
Mr.  Christian.  G.  L.  Christian,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).— The  writer 
has  had  considerable  experience  with  hand-made  concrete,  but  none 
with  machine-made. 

The  hand-made  concrete,  to  be  of  any  use,  requires  continual,  hard 
and  conscientious  work  on  the  part  of  the  mixers,  and  continual 
inspection  by  an  intelligent,  live  and  honest  inspector,  who  will  always 
insist  on  having  everything  done  well. 

The  instant  the  inspector  turns  his  back,  the  temptation  to  turn 
the  water  on  the  mortar,  before  the  sand  and  cement  are  thoroughly 
mixed,  and,  in  fact,  before  they  are  mixed  at  all,  is  too  much  for  the 
average  laborer  to  resist,  especially  if  he  is  hard  pushed  and  the  day 
is  hot.  Taking  all  things  into  consideration,  the  writer  would  expect 
to  find  machine-made  concrete  superior  to  hand-made  in  a  large 
majority  of  cases. 

Only  in  cases  where  concrete  is  exposed  to  the  sun  does  the  writer 
agree  with  Mr.  Gould  as  to  the  advisability  of  keeping  concrete  moist 
for  a  long  time  after  being  placed  in  the  work.  The  writer  has 
reached  this  conclusion,  partly  as  a  result  of  a  test  of  quite  a  number 
of  briquettes  which  were  mixed  about  five  years  ago  and  recently 
broken.  Some  were  of  neat  cement,  some  2  to  1  and  some  3  to  1.  One 
set  of  each  of  these  was  mixed  with  fresh  water,  one  with  3%  salt 
water,  and  the  other  with  13%  salt  water.  Half  of  each  set  of  briquettes 
was  laid  away  on  wooden  shelves  in  a  warm  office  soon  after  mixing, 
and  the  other  half  was  placed  in  water  and  kept  there  until  ready  to  be 
broken.  Many  of  these  briquettes,  have  been  broken,  and,  so  far, 
those  of  whatever  kind  which  were  kept  dry  have  shown  the  greatest 
tensile  strength. 

The  writer  was  at  one  time  a  firm  believer  in  the  dry  mixing  of 
concrete,  but  having  seen  several  thousand  cubic  yards  mixed  dry  and 
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placed  to  a  depth  of   6  ins.  over  a  reservoir  bottom,  and  afterward  Mr.  Christian, 
over  3  000  cu.  yds.  mixed  wet,  in  the  proportion  1:3:6,  and  placed  in 
the  other  half  of  the  same  reservoir,  he  became  a  firm  advocate  of  wet 
mixing. 

A  careful  force  account  was  kept  on  the  last  3  000  cu.  yds. ,  in 
order  to  ascertain  the  actual  cost  per  cubic  yard.  The  wages  paid 
were:  Foremen,  $2.50;  laborers,  $1.35;  and  teams,  including  driver, 
$4.00  per  day.  To  the  cost  of  each  item  in  the  force  account  9%  has 
been  added  for  superintendent,  timekeeper,  office  help,  etc.,  and  is 
included  in  the  figures  here  given.  The  cost  of  blasting  is  not  included, 
because  the  contractor  was  paid  for  excavating  the  rock,  so  that  the 
cost  begins  with  the  loading  and  hauling  to  the  crusher.  The  average 
haul  was  400  ft.  to  and  from  the  crusher. 

The  cost  per  cubic  yard  is  subdivided  as  follows: 

Sand $0.40 

Natural  cement 1 .  18 

$1.58 

Loading  and  hauling  to  crusher.  .  $0.27 

At                  crusher 0 .  21 

Kent  of              "       0.01 

Coal  at               "       0.05 

Hauling  from  "       0 .  16 

0.70 

Concreting  gang: 

Foremen $0.05 

Laborers 0 .  54 

Teams 0.09 

0.68 

Total $2.96 

Alfred  F.  Harley,  M.  Am.  Soc.  C.  E.  (by  letter).— The  "theory  Mr.  Harley. 
of  concrete  "  is  certainly  a  subject  upon  which  civil  engineers  should 
be  well  informed,  but,  nevertheless,  the  fact  remains  that  the  execu- 
tion is  invariably  left  to  a  contractor,  who,  while  carrying  out  the  in- 
structions of  the  civil  engineer,  is  required  to  guarantee  the  success 
and  perfection  of  the  work. 

On  one  occasion  the  writer  was  consulted  by  the  proprietor  of  a 
livery  stable  who  had  taken  from  a  local  contractor  a  sub-contract  for 
hauling  cement,  sand  and  broken  stone  by  the  cubic  yard,  and,  upon 
presenting  the  bill,  was  informed  by  the  contractor  that  inasmuch  as 
the  concrete  had  required  1  part  of  cement,  3  parts  of  sand  and  6  parts 
of  broken  stone,  making  a  total  of  10  parts,  while  the  actual  number 
of  square  yards  of  concrete  laid,  6  ins.  thick,  was  approximately 
60  000  sq.  yds.,  or  about  10  000  cu.  yds.  of  concrete,  and  consequently 
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Mr  Barley,  the  stable  proprietor  could  only  have  hauled  1  000  cu.  yds.  of  cement, 
3  000  cu.  yds.  of  sand  and  6  000  cu.  yds.  of  broken  stone.  All  of 
which  argument  the  livery  stable  proprietor  followed  very  clearly 
in  mind,  but  failed  to  check  with  the  actual  number  of  loads  the 
teams  had  carried,  even  when  taking  into  consideration  the  assumption 
that  a  quantity  of  the  material  might  have  been  dropped  along  the  road. 
The  writer  was  not  made  a  party  to  the  settlement  finally  reached, 
but  the  shrinkage  of  the  material  when  rammed  was  certainly  not 
taken  into  consideration. 

The  writer  cannot  agree  with  Mr.  Tillson  as  to  the  economic  use 
of  a  machine-mixer  for  street  concrete  work.  The  figures  Mr.  Tillson 
gives  should  at  least  be  reversed,  7  cents  being,  in  the  writer's  esti- 
mation, a  minimum  figure  for  hand-made  concrete  and  10  cents  a 
minimum  figure  for  machine-mixed  concrete.  Neither  is  the  result 
equally  good,  in  the  writer's  opinion.  The  wheeling  for  any 
distance  in  a  barrow  tends  to  bring  the  mortar  to  the  bottom,  while 
the  most  valuable  part  of  the  concrete,  commonly  called  "the  slush," 
is  wasted  along  the  run-boards  and  could  not  be  picked  up  and  used 
before  the  initial  set  had  taken  place;  while  the  amount  of  water 
cannot  be  regulated  as  nicely  in  the  closed  trough  of  the  machine  as 
when  allowed  to  run  on  the  concrete  from  a  hose  as  it  is  turned  over 
by  hand. 

Where  continuous  shoveling  has  to  be  performed,  as  with  concrete 
mixed  by  hand,  it  is  infinitely  less  fatiguing  to  the  laborer  if  a  steel 
plate  is  used  to  shovel  on  instead  of  boards.  Gravel  is  also  much  more 
easily  shoveled  than  broken  stone. 

Mr.  Dunham's  remarks  in  regard  to  the  use  of  broken  stone  and 
the  dust  obtained  in  breaking  are  interesting.  In  gravel  deposits 
there  is  found  frequently  a  good  quality  of  sand  in  such  proportion 
as  to  fill  entirely  the  voids  between  the  gravel.  A  great  many  civil 
engineers  require  the  material  to  be  screened,  and  the  sand  and  gravel 
used  separately  in  the  proportion  specified.  Lately,  this  class  of 
material  has  been  used  by  a  Government  official  without  screening, 
and  with  very  good  result;  and  it  is  only  reasonable  to  suppose  that 
at  the  time  the  gravel  deposit  was  formed,  the  voids  were  filled 
entirely  with  the  fine  particles  of  sand  washed  into  as  close  a  position 
as  they  could  very  well  occupy. 

The  advantage  in  hand-mixed  concrete,  in  the  writer's  estimation, 
is  not  only  in  cost,  but  in  the  rapidity  with  which  the  concrete  is  put 
into  position  after  being  mixed,  and  the  proximity  of  all  the  materials 
to  their  final  resting  place.  One  practice  which  the  writer  very  firmly 
believes  in  following,  is  to  throw  a  few  shovels  full  of  mortar,  when 
mixed  on  the  board,  over  the  top  of  the  last  batch  of  concrete  just 
previously  laid,  and  by  this  means  fill  the  interstices  flush  with  the 
surface  of  the  concrete.     It  might  be  claimed  that  a  batch  would  then 
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contain  less  mortar  than  it  should,  but  this  is  not  so,  inasmuch  as  the  Mr.  Harley. 
operation  is  repeated  over  each  batch  thrown  into  position. 

In  New  Orleans,  during  the  execution  of  some  contracts,  the  writer 
had  an  opportunity  to  run  a  hand-concrete  gang  at  the  same  time 
that  another  firm  of  contractors  was  operating  a  concrete-mixer  gang, 
and  not  only  in  the  employment  of  less  men,  but  also  in  the  number 
of  square  yards  laid  during  the  day,  were  the  results  of  the  two  methods 
under  discussion  apparent  and  decidedly  in  favor  of  the  hand-mixed 
concrete. 

A  day's  work,  in  running  three  boards  extending  the  full  width  of 
the  street,  would  average  about  900  sq.  yds.  of  concrete  6  ins.  thick, 
which  result  is  all  that  could  be  wished,  from  the  following  gang  : 

6  wheel-barrow  men — broken  stone  or  gravel. 
3  "  "  —sand. 

1  "  "       man — cement. 

2  men  opening  cement. 

7  "     dry  mixing. 

8  "     taking  off  boards. 

3  "     tamping  concrete. 
3     "     grading  concrete. 

1  man  attending  to  run  planks. 

3  water  boys. 

1  or  2  extra  men,  or,  in  all,  say,  40  men. 
The  writer  believes  that  Mr.  Hall  will  find  it  quite  customary  in 
Europe  to  use  broken  stone,  gravel,  sand  and  cement  in  concrete, 
in  certain  quantities. 
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INSUFFICIENT  PROVISION  FOR  COUNTER- 
STRESSES  IN  RAILROAD  BRIDGES. 
Discussion.* 


Bv  Messrs.  Henry  B.  Seaman  and  Henry  S.  Jacoby. 


Mr.  seaman.  Henry  B.  Seaman,  M.  Am.  Soc.  C.  E. — The  difficulty  mentioned  by 
the  author  arises  from  undue  refinement  in  bridge  design.  The  use 
of  wheel  concentrations  implies  that  we  are  designing  for  some  precise 
loading  of  the  present  time,  while,  as  Mr.  Prichard  intimates,  our 
designs  should  be  an  approximate  provision  for  future  conditions. 
The  use  of  wheel  concentrations  practically  submits  the  loading  to 
the  criticism  of  men  who  are  not  engineers,  but  who,  nevertheless, 
exercise  sufficient  authority  to  restrict  the  loading.  This  condition 
would  be  avoided,  to  some  extent,  if  a  satisfactory  equivalent  load 
could  be  adopted. 

The  method  suggested,  of  doubling  the  load,  will  avoid  the  diffi- 
culty described,  though  it  seems  to  be  rather  an  extreme  measure. 
Fifteen  years  ago  bridges  were  designed  for  25  000-lb.  concentrations, 
and  to-day  the  actual  concentrations  in  some  instances  reach  nearly 
50  000  lbs. ;  but  this  does  not  mean  that  they  will  reach  100  000  lbs. 
in  the  future.  The  larger  part  of  the  present  increase  took  place 
between  1885  and  1890,  and  the  increase  since  the  latter  date  has  been 
comparatively  slight,  though  its  adoption  has  been  more  general.     The 

*This  discussion  (of  the  paper  by  Henry  S.  Prichard,  M.  Am.  Soc.  C.  E.,  printed  in 
Proceedings  Cor  August,  1899),  is  printed  in  Proceedings  in  order  that  the  views  expressed 
may  be  brought  before  all  Members  of  the  Society  for  further  discussion.  (See  rules 
for  publication.  Proceedings,  Vol.  xxv.  p.  71.) 

Communications  on  this  subject  received  prior  to  November  34th,  1899,  will  be  printed 
in  a  later  number  of  Proceedings,  and  subsequently  the  whole  discussion  will  be 
published  in  Transactions. 
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weights  of  locomotives  having  been  increased  about  as  much  as  the  Mr.  Seaman, 
present  gauge  and  car  clearance  will  permit,  any  future  increase  will 
arise  from  a  change  of  the  distribution  rather  than  from  any  material 
increase  of  concentration,   and  there    seems   to  be   no   possibility   of 
doubling  the  loads  for  which  the  heaviest  bridges  are  now  designed. 

Henky  S.  Jacoby,  Assoc.  Am.  Soc.  C.  E.  (by  letter). — The  subject  Mr.  Jacoby. 
of  counter-bracing  does  not  usually  receive  the  attention  it  deserves 
in  the  design  of  bridge  trusses.  Sometimes  the  only  rule  followed  is 
to  put  a  counter  in  a  panel  on  each  side  of  those  in  which  theory 
requires  their  insertion  for  the  specified  dead  and  live  loads,  without 
regard  to  the  effect  of  impact  or  the  future  increase  of  loads.  In  some 
cases  this  may  be  sufficient,  but  in  other  cases  the  provision  is  wholly 
inadequate.     This  rule  is  certainly  not  a  rational  one. 

The  specification  recommended  in  the  paper  is  in  accordance  with 
the  best  practice,  known  to  the  writer,  for  the  design  of  counters. 
The  increase  of  100^  in  the  live-load  stresses,  besides  the  addition  for 
impact,  is  not  simply  to  provide  for  the  gradual  increase  of  the  live 
load  until  it  may  reach  that  figure  before  the  life  of  the  bridge  expires, 
but  to  provide  for  occasional  loads  of  unusual  magnitude,  so  as 
to  avoid  the  necessity  of  shoring  up  bridges  for  such  requirements, 
except  those  which  may  be  nearing  the  end  of  their  service. 

As  pointed  out,  the  need  for  a  better  provision  for  counter-stresses 
is  greater  in  trusses  with  curved  chords  than  for  those  with  parallel 
horizontal  chords.  It  seems  that  some  account  should  also  be  taken 
of  the  stresses  due  to  the  overturning  moment  of  the  wind,  for  a 
reversal  of  stress  due  to  insufficient  counter-bracing  caused  by  the 
wind  in  conjunction  with  the  live  load  may  be  just  as  serious  in  its 
results  as  if  it  were  caused  entirely  by  the  live  load. 

Under  the  usual  specifications,  the  stress  due  to  the  wind  may  be 
neglected  in  the  design  of  any  member  unless  its  magnitude  exceeds  a 
given  percentage  of  the  dead  plus  live-load  stresses,  its  character 
being  the  same.  When,  however,  the  character  of  the  wind  and  live- 
load  stresses  is  different  from  that  of  the  dead-load  stress  it  may 
require  but  a  relatively  small  amount  of  the  wind  stress  to  cause  a 
reversal  of  stress,  and  this  fact  often  escapes  notice  on  account  of  the 
too  prevalent  custom  of  failing  to  compute  any  minimum  stresses. 

Again,  the  addition  of  a  counter-brace  in  a  panel  may,  in  turn, 
not  only  modify  the  magnitude  of  the  minimum  stress  in  an  adjacent 
vertical,  but  may  actually  change  the  character  of  that  stress,  and 
thereby  affect  its  design  to  a  greater  or  less  extent. 
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IMPACT  TESTS  OF  STRUCTURAL  STEEL. 
Discussion.* 


By  C.  M.  Bkoomall,  Jun.  Am.  Soc.  C.  E. 


Mr.  Broomall. 


C.  M.  BuooMAiiii,  Jun.  Am.  Soc.  C.  E.  (by  letter). — All  impact 
testing  machines  necessarily  give  truly  comparative  results  only 
under  similar  conditions  of  striking  hammer,  supports,  foundations, 
etc.  These  conditions  are  not  realized  in  practice,  and  the  best  that 
can  be  done  is  to  so  arrange  matters  that  the  greater  portion  of  the 
energy  of  the  blow  will  be  absorbed  by  the  specimen.  If  the  propor- 
tion of  energy  absorbed  by  the  specimen  is  very  large,  the  error 
caused  by  the  difference  in  the  conditions  of  the  apparatus  will  not 
affect  materially  the  accuracy  of  the  results.  In  the  machine  designed 
by  the  author  it  is  believed  that  the  energy  absorbed  by  the  specimen 
is  more  than  90%  of  the  whole,  so  that  the  results  given  by  it  must  be 
quite  accurate. 

It  seems  to  the  writer,  however,  that  a  machine  might  be  so 
designed  that  the  specimen  would  absorb  practically  all  the  energy  of 
the  blow.  Whether  or  not  the  mechanical  details  would  be  too  com- 
plicated is  another  question.  The  suggestion  is,  to  make  use  of  a 
differential  method  of  measurement,  and,  instead  of  mounting  the 
specimen  upon  rigid  supports,  to  mount  it  upon  another  pendulum 


*  This  discussion  (of  the  paper  by  S.  Bent  Russell.  M.  Am.  Soc.  C.  E.,  printed  in  the 
Proceedings  for  August,  1899)  is  printed  in  Proceedings  in  order  that  the  views  ex- 
pressed may  be  brought  before  all  members  of  the  Society  for  further  discussion.  (See 
rules  for  publication,  Proceedings,  Vol.  xxv,  p.  71.) 

Communications  on  this  subject  received  prior  to  November  24th,  1899,  will  be 
printed  in  a  later  number  of  Proceedings,  and  subsequently  the  whole  discussion  will  be 
published  in  Transactions. 
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initially  at  rest.     If,  then,  after  the  impact,  the  rise  of  both  pendu-  Mr.  Broomall. 

lums  be  measured,  the  data  are  obtained  from  which  to  calculate  the 

energy  absorbed.     This  energy  must  have  been  entirely  spent  upon 

the  specimen  and  its  clamps.     As  these  clamps  are  attached  to  the 

second  pendulum,  their  weight  must  be  added  to  it.     The  only  energy 

not  spent  upon  the  specimen  will  be  that  absorbed  in  deflecting  and 

producing  angular  motion  of  the  clamps. 

This  differential  method  virtually  amounts  to  suspending  Mr. 
Russell's  whole  machine  as  a  pendulum  from  the  same  axis  as  the 
striking  pendulum,  and  so  adjusting  matters  that  the  centers  of  per- 
cussion of  the  two  pendulums  are  coincident  with  the  point  of  impact. 
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THE  ARTIFICIAL  PRESERVATION  OF  RAILROAD 

TIES    BY   THE   USE   OF    ZINC    CHLORIDE. 

Discussion.* 


By  Messrs.  N.  W.  Eayrs,  O.  E.  Selby  and  O.  Chanute. 


Mr.  Eayrs.  N.  W.  Eayrs,  M.  Am.  Soc.  C.  E.  (by  letter). — The  author  has 
presented  a  deal  of  valuable  information  on  the  subject  of  preserva- 
tion of  railroad  ties,  but  it  is  to  be  regretted  that  the  paper  was  not 
extended  to  include  ties  and  timber  used  in  bridges  and  viaducts. 
The  cost  of  renewing  ties  on  such  structures  and  under  traffic  is 
very  much  greater  than  that  of  tie  renewals  on  ballast,  and  every  year 
added  to  the  life  of  such  ties  is  more  valuable  than  in  the  case  of  com- 
mon ties. 

The  writer's  experience  in  recent  years  has  been  chiefly  in  the 
maintenance  of  bridges,  viaducts  and  elevated  structures,  and  he  has 
been  surprised  to  find  that  so  little  effort  has  been  made  to  protect 
bridge  ties  and  floors  from  the  action  of  the  weather.  For  a  num- 
ber of  years  past  it  has  been  the  writer's  practice  to  paint  bridge 
ties,  and  the  result  has  been  so  satisfactory  that  he  is  inclined  to 
doubt  the  advisability  of  treating  such  ties  by  any  other  preserva- 
tive process.  One  great  objection  to  using  the  ordinary  processes 
for  preserving  such  timber  is,  that,  as  universally  admitted,  timber 
should  not  be  cut  after  treatment;  it  was  suggested  to  the  writer 
by  the  management  of  one  preserving  works  that  the  ties  should 
even  be  bored  for  spikes  before  treatment.  The  expense  of  such 
rehandling,  and  the  extra  freight  charges,  would  be  prohibitive. 

•  Continued  from  September,  1K99,  Proceedings.  See  April,  1899,  Proceedings  for 
Paper  by  W.  W.  Curtis,  M.  Am.  Soc.  C.  E.,  on  the  subject. 
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The  writer's  experience  on  the  St.  Louis  Bridge  is  an  instance  of  Mr.  Eayrs. 
the  value  of  painting  ties.  The  railway  floor  of  this  bridge  was 
changed  to  a  tie  floor  in  1888;  the  ties  used  were  7  x  7-in.,  long-leaf 
yellow  pine,  carefully  selected.  All  daps  were  painted  before  the  ties 
were  placed,  and  also  all  surfaces  where  wood  came  in  contact  with 
wood.  After  the  floor  was  finished  the  ties  were  given  two  coats  of 
red  oxide  of  iron  and  linseed  oil.  These  ties  are  in  perfectly  sound 
condition  to-day.  Unfortunately,  tie-plates  were  not  used  when  the 
ties  were  first  laid,  and  it  is  now  necessary  to  renew  them  on  account 
of  "  spike  killing"  and  wear;  otherwise  the  ties  would  be  good  for  5 
years  longer,  if  not  more. 

In  1897,  the  writer  renewed  the  entire  floor  of  the  elevated  portion 
of  the  St.  Louis  Merchants  Bridge  Terminal  Railway.  This  floor  was 
laid  in  1891  with  oak  ties,  unpainted  and  untreated.  Six  years  after- 
ward more  than  50%  of  the  ties  were  so  badly  decayed  that  nothing 
was  left  but  a  shell.  The  traffic  over  this  structure  had  been  very 
light  lip  to  1896,  and,  consequently,  the  ties  had  suffered  no  mechani- 
cal injury.  The  timber  used  in  relaying  was  long-leaf  yellow  pine, 
and  was  painted  with  one  coat  of  mineral  paint  after  framing,  and 
one  coat  after  being  placed  in  the  track.  The  cost  of  painting  the 
ties,  two  coats,  averaged  11 J  cents  per  tie.  Tie-plates  were  used  on  this 
structure,  and,  judging  from  the  experience  on  the  St.  Louis  Bridge, 
these  ties  ought  to  last  15  years.  About  75  ties  were  treated  by  dip- 
ping into  a  bath  of  hot  Woodiline,  and  about  150  others  were  painted 
with  Woodiline  applied  hot.  The  dipped  ties  were  allowed  to  remain 
in  the  bath  ten  minutes;  the  amount  absorbed  was  22 J  galls,  per  1  000 
ft.  B.  M. ,  or  about  1^  galls,  per  tie.  The  cost  of  the  work  was  52  cents 
per  tie  for  material,  and  about  1|  cents  per  tie  for  labor  in  handling, 
exclusive  of  the  cost  of  the  tank,  steam  connection  and  fuel. 

Taking  into  consideration  the  cost  of  the  process,  the  uncertainty 
of  getting  the  proper  amount  of  preservative  in  the  timber,  and  the 
necessity  of  treating  after  the  framing  has  been  done,  it  is  the  writer's 
opinion  that  for  bridge  ties  there  is  very  little  more  economy  in  any 
of  the  preserving  processes  now  in  use  than  in  painting. 

O.  E.  Selby,  Jun.  Am.  Soc.  C.  E.  (by  letter). — Table  No.  15  and  Mr.  Selby. 
the  diagram,  Fig.  3,  were  prepared  by  the  writer  during  an  investi- 
gation of  the  question  of  timber  preservation  for  the  railroad  system 
with  which  he  is  connected,  for  the  purpose  of  arriving  at  a  rational 
and  ready  means  of  comparing  the  economy  of  different  methods  of 
preservation. 

The  diagram,  omitting  the  four-sided  figures  lettered  A,  B,  C,  etc., 
is  plotted  from  Table  No.  1,  page  195,  of  Bulletin  No.  9,  United  States 
Department  of  Agriculture,  Division  of  Forestry.  The  abscissas  rep- 
resent the  cost  in  cents  of  each  renewal,  and  the  diagonal  lines  repre- 
sent the  intervals  between  renewals.     The  ordinates  show  the  annual 
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Mr.  Selby. 


ANNUAL  CHARGE  IN  CENTS  NECESSARY  TO  LIQUIDATE 
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Mr.Selby.  charge  in  cents,  based  on  ■">"„'>  compound  interest,  necessary  to  liqui- 
date the  succeeding  renewals  at  t lie  intervals  shown.  In  other  words, 
it  is  the  amount  which  it  would  be  necessary  to  set  aside  each  year 
and  invest  at  .*>",,.  compound  interest,  in  order  to  equal,  in  the  end, 
the  cost  of  all  renewals  reckoned  at  the  same  rate  of  interest. 

The  diagram  shows  graphically  and  exactly  the  comparative  ulti- 
mate economy  of  various  methods  involving  various  lengths  of  life  and 
initial  costs.  The  only  approximation  involved  is  in  the  assumed 
lengths  of  life  and  assumed  costs.  Comparisons  can  be  made 
for  structural  timber  by  taking  the  costs  and  annual  charges  in 
dollars  per  1  000  ft.  B.  M.,  instead  of  in  cents  per  tie. 

While  it  is  known  that  most  railroads  can  now  obtain  money  at 
less  than  5%,  it  is  believed  that  the  addition  of  general  expenses, 
taxes,  costs  of  financing,  uncertainties  in  distribution  of  expenses,  etc., 
makes  a  b%  basis  of  comparison  a  proper  one,  especially  as  it  woi'ks 
to  the  disadvantage  of  the  longer-lived  ties  and  processes,  as  to  the 
durability  of  which  there  is  necessarily  much  uncertainty. 

The  table  was  prepared  to  include  the  principal  kinds  of  ties  and 
methods  of  treatment  available  on  a  large  scale  on  the  system  in  ques- 
tion. There  are  several  species  of  wood,  such  as  catalpa,  sassafras, 
black  walnut,  etc.,  which  are  known  to  be  very  durable  and  valuable 
for  cross-ties,  but  which  are  not  available  in  large  enough  quantities 
to  have  much  effect  on  the  tie  supply  of  a  large  system,  and  they  were 
not  included  in  the  comparison. 

The  basis  of  comparison  is  the  first-class  tie,  of  white  oak,  burr 
oak  or  post  oak,  filling  the  present  specifications  of  the  system,  cost- 
ing 35  cents  to  38  cents  each,  and  lasting  in  the  track  from  8  to  10  years, 
under  reasonably  favorable  conditions.  In  view  of  the  increasing 
scarcity  of  such  first-quality  oak,  and  rapidly  advancing  prices,  a  com- 
parison is  also  made  on  a  basis  of  the  probable  early  future  cost  of  50 
cents  each.  The  assumptions  in  the  table,  as  to  cost  of  ties,  treatment, 
putting  in  track  aud  probable  life,  are  based  on  reports  from  division 
engineers,  and  information  from  other  sources,  including  Mr.  Curtis' 
paper,  applicable  to  the  middle  western  territory  covered  by  the 
system.  Limits  were  used  rather  than  averages  so  as  to  show  the  pos- 
sible range  covered  by  each  process. 

The  column  headed  "Total  Cost  in  Track  "  is  made  up  by  adding 
together  the  cost  of  the  tie  delivered,  the  cost  of  treatment,  if  any,  and 
the  labor  cost  involved  in  removing  the  old  tie  and  putting  in  the  new 
one.  It  is  important  that  this  item  of  cost  of  putting  in  track  be  in- 
cluded in  all  comparisons,  as  it  is  certainly  an  expense  involved  in  each 
renewal,  and  its  omission  gives  an  unfavorable  advantage  to  the  short- 
lived ties  and  processes.  The  column  headed  "Annual  Charge"  is 
taken  from  the  diagram  for  the  preceding  data  of  total  cost  in  track 
and  probable  life.     The  last  two  columns  of  the  table  show  the  length 
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of  life  which  must  be  realized  by  the  different  processes  at  the  as-  Mr.  Selby. 
-sunied  costs  in  order  to  equal  in  economy  a  white  oak  tie,  first,  at 
present  prices  ;  second,  at  future  prices.  This  was  obtained  from  the 
diagram  by  following  out  the  horizontal  line  representing  the  average 
annual  charge  for  the  oak  tie  to  its  intersection  with  the  vertical  line 
representing  the  average  cost  of  the  treated  tie.  The  year  lying  nearest 
this  intersection  is  the  required  life. 

The  use  of  metal  tie-plates,  with  treated  and  untreated  ties,  was 
considered,  together  with  other  methods  of  preservation,  and  the 
results  show  it  to  be  a  most  promising  method  with  soft  wood  ties. 
The  cost  of  tie-plates  was  assumed  at  10  cents  each,  including  the  cost  of 
their  transportation  to  the  site  and  putting  them  in.  This  may  seem 
high  for  small  plates,  but  it  is  likely  to  be  realized  with  the  advancing 
prices  of  steel. 

Two  assumptions  were  made  for  Burnettized  beech  ties,  the  first 
based  on  their  claimed  and  probable  life  of  12  to  15  years,  and  the 
second  on  a  life  of  9  to  10  years,  which  seems  a  certain  minimum, 
in  view  of  experience  with  the  process  and  of  improvements  now 
being  tried.  The  range  of  cost  of  vulcanizing  was  made  large  to  cover 
both  the  present  cost  and  the  future  reduced  cost  of  the  process  if  it 
proves  successful  and  works  are  established  in  the  West.  In  view  of 
developments  in  the  tie  market,  since  the  table  was  made,  the  price  of 
cedar  ties  was  probably  taken  too  low. 

The  data  in  the  table  have  been  plotted  on  the  diagram,  each  kind 
of  tie  being  represented  by  a  four-sided  figure,  within  the  limits  of 
which  will  be  found  the  actual  annual  charge,  the  intersection  of  the 
diagonals  locating  the  average.  Those  plotting  nearest  to  the  base 
line  show  the  lowest  annual  charge,  and  hence  the  greatest  economy. 

The  one  which  plots  lowest  is  the  beech  Burnettized,  but  if  its  life 
is  proven  to  be  only  9  or  10  years  it  plots  much  higher,  but  is  still 
lower  than  the  white  oak  tie  at  50  cents.  The  chestnut  tie  with 
plates,  the  cedar  tie  with  plates,  and  the  inferior  oaks  Burnettized, 
all  show  greater  economy  than  the  white  oak  tie  at  38  cents  delivered. 
All  the  processes  of  treatment  plotted  show  greater  ultimate  economy 
than  a  white  oak  tie  which  costs  50  cents  delivered  and  lasts  only  8  to 
10  years,  indicating  that  the  time  is  rapidly  approaching  when  some 
form  of  preservation  will  be  imperative. 

On  the  face  of  the  diagram  the  best  showing  is  made  by  the  Bur- 
nettizing  process,  and  by  untreated,  long-lived,  soft  wood  ties  with 
plates. 

The  flat  inclination  of  the  lines  representing  the  longer  periods  of 
years  shows  that  the  amount  we  are  justified  in  spending  for  a  tie 
increases  rapidly  with  the  life  realized;  that  is,  the  annual  charge 
increases  more  slowly  in  comparison  with  the  first  cost  for  the  long- 
lived  ties  than  it  does  for  the  short-lived  ties. 
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Mr  seiby.  The  cost  and  probable  life  in  any  individual  case  may  easily  fall 
outside  the  limits  plotted,  but  in  any  case  it  is  easy  to  follow  out  the 
horizontal  line  corresponding  to  the  cost  in  track  and  probable  life  of 
ties  in  use  to  find  the  life  which  it  will  be  necessary  to  realize  from  a 
process  of  given  cost,  or  the  amount  which  it  is  justifiable  to  pay  out  to 
secure  a  tie  of  a  given  life. 

The  writer's  investigation  resulted  in  a  recommendation  for  the 
purchase  of  a  considerable  number  of  inferior  oak  ties  and  their  treat- 
ment by  Burnettizing,  and  the  purchase  of  a  like  number  of  cedar  and 
chestnut  ties  and  their  use  with  tie-plates;  the  number  recommended 
being  large  enough  to  be  considered  experimental  on  a  large  scale. 

There  is  much  promise  in  a  modified  Burnettizing  process,  now 
being  investigated  by  a  leading  tie-preserving  company,  consisting  of 
the  injection  of  both  creosote  and  zinc  chloride.  This  is  likely  to 
prove  durable,  but  may  be  too  expensive.  The  writer  agrees  with 
others  who  have  taken  part  in  the  discussion  that  much  of  the  hesi- 
tancy of  the  managements  in  authorizing  the  use  of  treated  ties  is  on 
account  of  the  uncertainty  which  exists  as  to  the  actual  life,  under 
varying  conditions,  both  of  ties  now  in  use  and  of  the  treated  ties. 

Certainty,  in  this  direction,  is  only  to  be  attained  by  careful  records 
of  all  ties  in  the  track,  showing  length  of  service  and  actual  cause  of 
removal.  Such  records  would  be  of  value  in  determining,  not  only 
the  necessity  for  and  the  best  processes  of  treatment,  but  in  indicating 
the  value  of  improvements  in  any  given  process. 

O.  Chanute,  Past-President,  Am.  Soc.  C.  E.  (by  letter). — This  paper 
chances  to  be  most  timely,  for  its  publication  concurs  with  one  of  those 
swift  advances  in  prices  which  take  place  when  it  is  suddenly  discovered 
that  the  supply  has  been  overtaken  by  the  demand.  One  year  ago  ties 
were  selling  about  as  cheaply  as  they  had  been  for  10  years  past.  In 
Chicago,  for  instance,  white  oak  ties  were  quoted  at  45  cents  and  cedar 
ties  at  36  cents,  while  now  the  price  of  white  oak  is  60  to  65  cents,  and 
of  cedar  50  cents,  with  talk  of  further  advance.  Railroad  men,  there- 
fore, are  considering  now  the  use  and  treatment  of  the  cheaper  and 
more  perishable  kinds  of  wood,  which  are  still  abundant. 

There  is  no  longer  any  question  in  the  mind  of  the  writer  that 
chemical  treatment,  applied  thoroughly  and  skilfully,  will  more  than 
double  the  life  of  the  inferior  woods,  and  make  it  equal  or  superior  to 
that  of  the  more  durable  woods  laid  in  their  natural  state.  All  the 
European  experience  has  proved  this,  and  in  spite  of  some  failures, 
due  to  ignorance  of  all  the  conditions  of  success,  American  experience 
is  seen  to  confirm  that  of  the  Europeans. 

The  writer  drifted  into  this  business  by  chance  some  14  years 
ago.  He  sees  now  that  he  made  some  mistakes  in  the  beginning,  and 
had  much  to  learn  concerning  the  idiosyncracies  of  various  woods,  so 
that  his  experience  may  be  of  value  to  those  who  may  carry  on  such 
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work  hereafter.     His  first  mistake  consisted  in  the  apprehension  that  Mr.  Chanute. 
strong  solutions  would  make  the  ties  unduly  brittle,  and  in  believing 
that  solutions  of  zinc  chloride  of  2°  Beaume,  or  less,  would  penetrate 
farther  into  the  wood  than  stronger  and  less  limpid  solutions. 

In  1879,  Mr.  B.  F.  Bischoff,  then  in  charge  of  the  tie-preserving 
works  of  the  "Empress  Elizabeth  Railway,"  of  Austria,  read  an 
elaborate  paper  before  the  Austrian  Railroad  Club,  in  which,  after 
describing  the  then  state  of  the  art,  he  gave  an  account  of  some  experi- 
ments which  he  had  made,  and  which  went  to  show  that  zinc-chloride 
solutions  of  1.7°  Beaume  could  be  forced  into  the  wood  further,  and 
that  they  protected  the  ties  better,  than  solutions  of  3°  Beaume.  He 
instanced,  as  proof,  the  results  cited  by  Mr.  Funk,  in  a  paper  which 
has  remained  a  classic,  concerning  the  life  of  ties  treated  with  solu- 
tions of  2°  Beaume,  and  he  stated  that  the  "Empress  Elizabeth  Rail- 
way "  had  changed  over  from  the  use  of  zinc-chloride  solutions  of 
3°  Beaume  to  those  of  1. 7°  Beaume.  This  practice,  which  seemed  to 
promise  some  economy,  was  followed  by  many  German  railways, 
but  the  results  were  not  found  satisfactory.  It  was  ascertained 
that  these  railways  did  not  do  as  good  work  as  others,  which  used 
stronger  solutions,  and  the  German  specifications  of  1898  and  1899 
require  the  use  of  solutions  of  3.5°  Beaume,  and  the  injection  of  0.50 
to  0.55  lbs.  of  dry  zinc  chloride  per  cubic  foot  of  wood. 

In  consequence  of  the  fact  that  American  ties  get  less  seasoning 
than  is  usual  in  Germany,  the  writer  began  treating  ties  at  Chicago  in 
1886  with  solutions  of  3.5°Beaume,  at  80°  Fahr.,  and  he  has  gradually 
increased  the  strength  to  5°  Beaume,  having  in  the  meantime  learned 
by  experiment  how  to  inject  these  strong  solutions  without  making 
the  tie  brittle.  Not  one  of  them  has  broken  in  the  track.  He  is  now 
injecting  two  and  a  half  times  as  much  chloride  of  zinc  as  he  did  at 
the  beginning,  and  has  every  reason  to  believe  that  the  results,  with 
ties  treated  since  1896,  will  be  entirely  satisfactory. 

His  second  mistake  consisted  in  assuming  that  there  was  no  great 
difference  in  the  quantity  of  solution  absorbed  by  each  individual  tie 
in  a  run,  and  that  they  might  be  treated  with  success  in  the  order  of 
their  arrival.  Unfortunately,  ties  arrive  in  Chicago  by  vessels  in  vary- 
ing condition;  some  have  been  cut  longer  and  are  better  seasoned  than 
others,  while  particular  cargoes,  or  parts  of  cargoes,  have  been  rafted 
out  to  the  vessels,  and  are  saturated  with  water.  It  was  believed  at 
first  that  these  varying  conditions  could  be  overcome  simply  by 
changing  the  strength  of  the  solution,  from  day  to  day,  to  correspond, 
and  that  satisfying  results  would  follow.  This  proved  to  be  an  error, 
and  now  refractory  ties  are  unloaded  upon  the  ground  to  season;  some 
70  000  having  been  so  treated  in  1898,  and  some  120  000  in  1899. 
Moreover,  hundreds  of  experiments  with  individual  ties,  made  by 
weighing  them  just  before  and  after  treatment,  have  established  the 
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Mr.  Chanute.  fact  that  there  are  surprising  differences  in  the  receptivity  of  various 
kinds  of  wood,  and  of  various  ties  cut  at  the  same  time  and  from  the 
same  forest.  Some  will  absorb  three  times  as  much  as  others,  and,  in 
extreme  cases,  when  both  seasoned  and  unseasoned  ties  are  tested,  the 
differences  are  as  8  to  1.  The  conclusion  drawn  was,  that,  in  order  to 
inject  the  minimum  of  zinc  chloride  guaranteed  in  every  tie,  it  was 
necessary  to  inject  on  an  average  about  three  or  four  times  this  quantity, 
and  this  is  now  being  done. 

This  difference  between  individual  ties  was  found  to  be  greatest 
with  tamarack,  probably  in  consequence  of  the  varying  amount  of 
resin  contained  therein,  and,  after  many  experiments,  the  treatment  of 
ties  of  this  class  was  reluctantly  abandoned. 

Thus  it  is  seen,  that,  simple  as  the  process  appears,  theoretical 
knowledge  alone  is  not  sufficient  to  insure  doing  good  work.  Practical 
experience  is  required  constantly,  and  this  is  acquired  best  with  a  small 
experimental  plant,  with  which  various  methods  may  be  tested  without 
interfering  with  the  regular  runs. 

It  is  unfortunate  that  various  changes  in  the  personnel  of  the  rnain- 
tenance-of-way  departments  of  some  of  the  railroads  first  adopting  tie- 
preserving  methods  in  this  country  should  have  produced  discontin- 
uity in  the  records,  but  these  are  sufficient,  as  Mr.  Curtis  has  shown, 
to  prove  that  inferior  woods  are  made  more  durable  than  white  oak, 
and  we  may  expect  still  better  results  now  that  experience  has  taught 
us  how  to  do  the  work  better. 

The  writer  is  satisfied  that  his  present  practice  of  injecting  from 
0.50  to  0.55  lbs.  of  zinc  chloride  per  cubic  foot  of  wood  is  an  improve- 
ment over  his  earlier  methods.  Also,  that  the  injection  of  three  sep- 
arate solutions  instead  of  two  is  a  decided  improvement.  He  believes 
the  zinc-tannin  process,  thus  applied,  to  be  better  than  the  zinc  process 
alone,  and  that  exiserience  in  regions  of  abundant  rainfall  will  prove 
this  to  be  a  fact.  Burnettizing,  as  we  know,  has  been  abandoned  in 
England,  while  it  is  a  success  in  Germany,  probably  in  consequence 
of  the  difference  in  rainfall  in  those  two  countries. 

In  the  hope  of  learning  still  more  about  the  anomalies  of  various 
woods,  and  the  best  methods  of  treating  them,  the  writer  is  now  about 
to  visit  Europe,  where  far  more  experience  has  been  accumulated  than 
in  America,  and  he  regrets  that  the  present  publication  of  this  valu- 
able paper  will  prevent  this  discussion  from  containing  the  results  of 
his  pending  tour  of  observation. 
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L.  M.  Hoskins,  Esq.  (by  letter). — It  was  no  part  of  the  object  of  Mr.  Hoskins. 
this  paper  to  advocate  the  use  of  wheel  concentrations  as  a  basis  of 
bridge  design.  This  kind  of  specification  has  been  in  general  use  for 
a  considerable  number  of  years,  and,  doubtless,  will  continue  to  be 
used  for  a  long  time  to  come,  in  spite  of  the  efforts  of  its  opponents 
to  supersede  it.  Even  if  some  different  specification  should  be 
adopted  generally,  many  engineers  of  railroad  companies  probably 
will  think  it  advisable  to  apply  the  wheel-concentration  method  in 
estimating  the  effect  of  new  and  heavier  train-loads  on  existing 
bridges.  In  view  of  these  facts  it  seemed  worth  while  to  present 
what  appeared  to  the  author  to  be  a  material  simplification  in  the 
treatment  of  the  general  problem  of  computing  stresses  due  to  any 
series  of  loads  whatever. 

The  members  who  participated  in  the  discussion  at  the  last  Annual 

Convention  of  the  Society  were  unanimous  in  condemning  the  method 

of  wheel-concentrations.     They  were,  however,  by  no  means  agreed 

as  to  what  method  should  replace  it.     Thus,  the  method  advocated 

by   Mr.  Morison  was   condemned    by   Mr.  Waddell   as   complicating 

matters  worse  than  ever.     And,  while  the  majority  appeared  to  favor 

*  Under  the  rules  for  publication,  additional  discussion  on  this  paper,  received 
prior  to  November  34th,  1899,  will  be  published  with  the  paper  in  the  next  volume  of 
Transactions. 
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Mr.  Hoskins.  some  form  of  "equivalent  uniform-load,"  each  bad  his  own  opinion 
as  tn  how  this  should  be  estimated.  That  this  discussion  does  not 
rejjresent  the  unanimous  opinion  of  those  engineers  most  directly 
interested  in  the  question  is  indicated  by  recent  correspondence  in 
Engineering  News.* 

No  one  supposes  that  the  method  of  wheel-concentrations  can 
represent  with  exactness  the  actual  distribution  of  loads  upon  abridge. 
Its  advocates  merely  contend  that  it  comes  a  step  nearer  than  other 
methods  to  representing  actual  conditions.  The  truth  of  this  conten- 
tion is  tacit]y  admitted  by  most  of  those  who  condemn  the  method; 
the  correctness  of  every  proposed  method  is  tested  by  a  comparison 
of  its  results  with  those  of  the  wheel-load  method. 

The  only  real  objection  to  the  wheel-concentration  method,  as 
compared  with  other  proposed  methods,  is  the  difficulty  of  the  com- 
putations involved.  How  serious  this  objection  is  can  be  judged  only 
by  one  who  is  thoroughly  familiar  with  the  best  methods  of  computa- 
tion. Wheel  concentrations  appear  to  present  no  serious  difficulties 
to  the  computer  who  familiarizes  himself  with  the  best  methods  of 
dealing  with  them. 

Aside  from  whatever  practical  value  it  has,  the  problem  dis- 
cussed in  the  paper  possesses  considerable  mathematical  interest. 
The  properties  of  influence  lines  given  by  Mr.  Cilley  and  Mr.  Kunz 
are  interesting  contributions  to  the  discussion.  With  reference  to 
the  comment  of  Mr.  Kunz,  on  the  general  rule  for  drawing  influence 
diagrams,  it  may  be  remarked  that  when  the  moment-center  falls 
beyond  convenient  limits,  the  ordinates  at  C  and  D  can  be  computed 
readily  by  the  general  values  given  on  page  78. 

*  July  13th  and  September  7th,  1899. 
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Discussion.* 


By  Charles  H.  Haswell,  Esq.,  M.  Am.  Soc.  C.  E. 


Charles  H.  Haswell,  M.  Am.  Soc.  C.  E.  (by  letter). — In  response  Mr.  Haswell. 
to  the  remarks  of  Mr.  Crowell,  on  the  results  and  deductions  of  the 
author's  experiments  to  ascertain  the  relative  impact  of  falling  weights 
from  different  heights,  it  was  not  essayed,  nor  was  it  held  to  be  at  all 
practicable,  to  determine  exact  measures  of  impact  with  an  instrument 
possessing  such  retarding  elements  as  a  spring-balance,  supplemented 
with  a  detent.  It  was  essayed  only  to  ascertain  the  relation  and  ratio 
of  the  impact  of  the  weights  from  different  heights  of  fall,  and  as  like 
causes  produce  like  effects,  the  relation  of  the  results,  satisfactorily 
determined  by  repeated  operations,  were  just  as  conclusive  as  if 
obtained  with  the  exactness  of  the  requirements  of  normal  results. 

Regarding  the  final  penetration  of  0.5  in.  being  assumed  as  the 
base  of  the  formula  submitted,  it  was  taken,  inasmuch  as  it  is  not  only 
the  ordinary  limit  of  practice,  but  it  is  a  sufficient  refusal  and  the 
practically  proper  one;  as  the  difference  between  it  and  a  less  depres- 
sion is  not  only  difficult  to  observe,  but  the  attainment  of  it  is  of  little 
relative  value  with  the  usual  factor  of  safety,  and  when  effected,  it 
results  frequently  in  the  splitting  of  the  piles;  further,  if  it  is  differ- 
ent, the  factor  can  be  altered  to  meet  the  conditions,  and  in  any  for- 

*  Under  the  rules  for  publication,  additional  discussion  on  this  paper,  received  prior 
to  November  24th,  1899,  will  be  published  with  the  paper  in  the  next  volume  of  Transac- 
tions. 
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Mr.  HasweU.  inula,  if  the  final  penetration  is  not  a  fixed  element,  computation  of 
the  capacity  of  a  pile  is  emasculated,  and  the  judgment  of  the  driver 
from  visual  observation  is  the  only  result  whereby  to  assign  its 
capacity. 

A  maau  factor  of  4.5  is  assumed,  and  when  it  is  considered  that  the 
resistance  of  a  pile  in  one  hour  after  being  driven,  is,  by  the  subsi- 
dence of  the  soil  around  it,  very  much  increased,  it  is  held  to  be  a  full 
measure  of  safety.  In  moist  sand,  with  a  rough  pile  of  oak  or  pine 
(not  spruce),  a  factor  for  a  quiescent  load  is,  in  the  author's  opinion, 
practically  unnecessary,  and  this  opinion  is  based  upon  exceptional 
opportunities  to  observe  the  effect  of  such  conditions. 

It  is  not  the  a\ithor's  purpose  to  discuss  the  application  of  vis  viva 
in  this  case,  it  is  preferred  to  give  observed  results.  The  resistance 
an  instrument  opposes  to  a  falling  weight  is  assumed  as  a  measure  of 
its  force,  whether  it  is  a  spring-balance  or  a  supporting  pile. 

In  further  support  of  his  remarks,  Mr.  Crowell  submits  a  diagram 
illustrative  "  of  the  characteristic  plotting  of  the  respective  formulas  " 
of  Wellington  and  the  one  submitted,  and  that  "it  will  be  seen  that 
for  a  fall  of  only  2  ft.,  the  indicated  safe  load  is  one-third  as  great  as 
that  indicated  for  a  fall  of  18  ft.,  nine  times  as  great."  Now,  as  the 
formula  gives  but  three  times  for  the  2  ft.,  and  as  V  2  g  18,  is  just 
three  times  that  for  18  ft.,  the  formula  agrees  with  the  illustration, 
and  the  result  is  not  nine  times,  as  asserted. 

Mr.  Gould  is  inclined  to  believe  that  the  use  of  the  V  His  correct. 
His  opinion,  from  his  capacity  and  great  experience,  is  entitled  to 
much  consideration. 

Mr.  Howe  recites  that  by  the  published  experiments  of  Mr.  McAl- 
pine,  the  sustaining  power  of  a  pile  is  increased  in  the  ratio  of  the 
square  root  of  the  fall  of  the  ram.  This  also  is  in  support  of  the 
formula  used,  and  is  wholly  at  variance  with  the  formula  of  Mr. 
Wellington. 

Mr.  Le  Conte's  deduction  and  exparience,  regarding  the  second 
driving  of  a  pile  after  an  interval  of  a  day  in  sandy  soil,  is  at  variance 
with  the  author's  experience,  and  as  to  the  value  of  the  Dutch  formula, 
the  author  fails  to  recognize  the  utility  of  considering  the  number  of 
blows  of  a  ram,  when  the  effect  of  the  final  blow  or  impact  of  it  is  the 
measure  of  the  resistance  of  the  pile.  The  tenacity  of  a  nail  in  wood 
is  greater  when  driven  at  one  blow  than  by  a  number  of  them,  for  with 
one  blow  there  is  but  one^  resilience  of  the  disturbed  fibers  of  the 
wood,  which  resistance  is  the  element  of  the  tenacity  of  the  nail,  and 
a  repetition  of  blows  is  a  repetition  of  the  resilience  and  consequently 
a  weakening  of  it. 

' '  Moles  worth  on  Pile-Driving  "  gives  a  table  of  the  force  of  a  blow  of 
a  falling  weight  =  V  W. 


Vol.  XXV.  OCTOBER,  1899.  No.  8. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

INSTITUTED     1852. 


PAPERS  AND  DISCUSSIONS. 

Note.— This  Society  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advanced 
in  any  of  its  publications. 
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RESERVOIRS  AND  SAND  FILTERS:  ITS 

STRENGTH  AND  VOLUME. 

Discussion.* 


By  Messrs.  Allen  Hazen  and  William  B.  Fuller. 


Allen  Hazen,  Assoc.  M.  Am.   Soc.   C.    E. — In  looking  over  some  Mr.  Hazen. 
plans  and  photographs  of  vaultings  recently,  the  speaker  was  sur- 
prised to  find  how  seldom  the  groined  arch  has  been  used,  consider- 
ing its  marked  advantages  in  economy  and  strength. 

In  the  Roman  reservoirs  of  Constantinople!  an  arch  resembling 
the  groined  arch  was  used  freely,  but  it  was  not  a  true  groined  arch. 
It  was  made  by  springing  narrow  arches  between  the  piers  in  each 
direction  and  dividing  the  area  up  into  a  series  of  squares  which  were 
covered  by  flat  domes.  This  form  of  construction  is  often  seen  in 
architecture  to-day.  The  ceiling  of  the  reading  room  in  the  Public 
Library  in  Boston  is  a  very  handsome  example  of  it. 

An  important  modern  application  of  this  form  of  vaulting  is  at 
Warsaw,  Russia,  where  filters  and  reservoirs  of  ten  or  twelve  acres 
are  covered  in  this  way. 

Many  covered  reservoirs  and  filters  have  been  constructed  with 
cylindrical  arches  resting  upon  narrow  arches  sprung  between  the 
piers  in  one  direction  only.  This  form  of  construction  is  common  in 
England.     The   earliest  Continental  reservoirs  and  niters  were  also 

*  Continued  from  September,  1899,  Proceedings.     See  May,  1898,  Proceedings  for 
Paper,  by  Leonard  Metcalf,  Assoc.  M.  Am.  Soc.  C.  E.,  on  the  subject, 
t  Forchheimer,  "  Wasserbehalter  von  Constantinopel,'1  Wien,  1893. 
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Mr.  Hazen.  covered  in  this  way.     The  older  water-works  vaultings  at  Berlin  are 
of  this  class,  and  also  the  filters  at  St.  Petersburg. 

The  more  recent  vaultings  at  Berlin,  and  elsewhere  upon  the  Con- 
tinent, are  usually  groined  arches.  The  corners  are  often  re-enforced 
with  ribs,  as  Mr.  Metcalf  has  suggested,  and  the  speaker  thinks  there 
is  a  theoretical  reason  for  this  in  the  case  of  brick  vaulting,  although 
\\  hither  or  not  the  additional  strength  is  worth  the  trouble  is  another 
question.  In  the  earliest  covered  reservoirs  constructed  in  the  United 
States,  English  precedent  was  followed,  and  cylindrical  vaulting  was 
used.  The  speaker  thinks  that  .the  first  large  masonry-covered  reser- 
voir in  America  was  at  Newton,  Mass.  This  reservoir  was  designed 
by  the  hit-  Albert  F.  Noyes,  M.  Am.  Soc.  C.  E.,  and  Alphonse  Fteley, 
Past-President,  Am.  Soc.  C.  E.,  acted  as  consulting  engineer. 

To  William  Wheeler,  M.  Am.  Soc.  C.  E.,  belongs  the  credit  of  the 
introduction  in  America  of  the  groined  arch  for  water-works  purposes, 
as  has  been  stated  by  Mr.  Metcalf.  The  speaker  has  had  occasion  to 
use  it  extensively  in  the  new  filters  for  the  water-works  of  Albany,  N. 
Y.,  and  has  had  occasion  to  make  computations  similar  to  those  which 
Mr.  Metcalf  describes.  The  volumes  of  groined  arches  have  been 
computed  in  the  speaker's  office  by  William  B.  Fuller,  M.  Am.  Soc.  C. 
E.,  and  others,  by  methods  similar  to  those  which  Mr.  Metcalf  has 
used.  These  computations  have  been  checked  by  graphical  methods. 
The  graphical  computation  of  the  volumes  is  not  difficult,  and  the 
results  check  perfectly  those  obtained  by  the  formulas. 

The  speaker  is  sorry  that  the  paper  does  not  give  more  in  reference 
to  the  strength  of  the  vaulting;  he  thinks  that  all  the  discussion  of 
the  subject  relates  to  brick  arches.  In  the  case  of  concrete  arches  he 
is  inclined  to  think  that  the  strains  involved  are  somewhat  different 
from  those  in  brick,  and  that  the  computations  relating  to  brick 
arches  will  have  to  be  taken  with  some  allowance  when  applied  to 
concrete. 

This,  perhaps,  will  depend  upon  the  way  in  which  the  concrete  is 
placed.  Concrete  is  necessarily  placed  in  lots,  leaving  joints  at  cer- 
tain places,  and  the  tensile  strength  of  these  joints  is  very  little,  prac- 
tically nothing.  The  speaker  has  used  joints  following  the  summits, 
that  is.  dividing  the  vaulting  up  into  a  series  of  squares,  each  having 
a  pier  as  a  center.  Under  these  conditions,  and  with  the  dimensions 
used  at  Albany,  it  is  a  question  whether  there  is  any  arch  action  what- 
ever in  the  vaulting.  Changes  in  temperature  expand  and  contract 
the  concrete.  With  brick  arches  this  expansion  and  contraction 
would  probably  result  in  a  slight  rise  and  fall  of  the  crowns,  corre- 
sponding to  the  differences  in  length  of  the  material  in  the  arches. 
With  the  concrete,  the  action  is  apparently  different.  The  blocks  are 
so  rigid  that  there  is  no  appreciable  rise  and  fall  of  the  crowns. 
With  contraction,  the  joints  will  open  slightly  in  some  cases,  making 
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it  perfectly  obvious  that  there  is  no  pressure  across  them,  and  that  Mr.  Hazen. 
the  concrete  blocks  act  as  cantilevers;  while  with  expansion,  which 
occurs  with  concrete  put  in  in  cold  weather  and  afterward  warmed  by- 
summer  heat,  the  whole  mass  of  concrete  has  to  push  out  at  the  sides. 
In  some  cases  the  cylindrical  arch  next  to  the  outside  wall  may  act  as 
an  expansion  joint  for  the  groined  vaulting  in  the  interior. 

The  speaker  has  mentioned  the  cantilever  principle  simply  as  a 
proposition.  He  is  not  prepared  to  say  that  he  thinks  all  vaulting- 
acts  in  that  way.  He  is  not  fully  informed  as  to  the  method  of  con- 
struction used  in  the  Wellesley  vaulting,  but  his  impression  is  that 
the  concrete  was  not  placed  in  the  manner  used  at  Albany,  and  that 
the  joints  were  made  at  other  places;  and  if  that  was  the  case  it  could 
not  be  expected  to  act  in  the  same  manner.  On  the  Albany  work  the 
concrete  was  mixed  by  machinery,  and  the  amount  of  concrete 
required  to  fill  one  of  the  squares  was  placed  in  a  very  few  minutes, 
and  made  a  solid  block,  without  a  joint  of  any  kind. 

Regarding  the  practical  strength  of  the  concrete  vaulting,  there 
can  be  no  question.  At  first  the  speaker  made  certain  rules  in  regard 
to  teams  driving  over  it,  etc.,  but  found  it  very  hard  to  keep  the  con- 
tractors in  order  in  that  respect.  After  a  little,  teams  were  allowed 
to  go  over  it  freely,  and  also  trucks,  and  later,  rollers  weighing  three 
tons  were  taken  over  it  repeatedly,  and  sometimes  left  on  it,  and  all 
without  any  injurious  results. 

The  cost  of  the  Albany  vaulting  per  square  foot  of  area  was  as 
follows: 

Concrete  0.78  cu.  ft.   at  $6.30  per  cubic  yard,  in- 
cluding centers 18.20  cents. 

Piers 5.44     " 

Earth  filling  and  seeding 1.42      " 

Manholes,  entrances,  fasteners,  etc 2.65      " 

Total 27.71      " 

The  total  cost,  including  piers,  was  less  than  28  cents  per  square 
foot  Various  forms  of  steel  and  concrete  construction  were  consid- 
ered, before  deciding  upon  the  concrete  vaulting,  but  the  simple 
masonry  was  selected. 

William  B.  Fullek,  M.  Am.  Soc.  C.  E.  (by  letter).— It  is  well  Mr.  Fuller, 
known  that  there  are  many  advantages  to  be  derived  from  a  covered 
reservoir  or  filter-bed  as  compared  with  one  open  to  the  wind,  rain 
and  light,  and  the  fact  that  a  covering  of  such  a  nature  is  seldom  used 
would  indicate  a  false  impression,  even  on  the  part  of  many  engineers, 
that  it  is  necessarily  very  expensive  and  should  be  classed  among 
the  luxuries,  except  in  cases  where  it  is  essential  to  prevent  the  forma- 
tion of  ice  or  algse. 
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.vir  Fuller.  This  is  duo  perhaps  to  the  fact  that  engineers,  in  designing 
masonry  coverings,  have  been  hampered  by  precedent.  They  look 
back  to  structures,  some  of  which,  as  the  author  points  out,  date  from 
the  time  of  the  Roman  supremacy,  and  proceed  to  construct  vaulting 
as  laid  down  on  lines  developed  2  000  or  more  years  ago.  This  is 
particularly  true  of  recent  vaulting  in  Europe,  outside  of  France,  and 
the  engineer,  even  if  he  should  desire  to  branch  out  on  a  more  rational 
design,  is  confronted  with  these  examples  of  vaulting,  used  merely 
for  the  protection  of  water  from  the  action  of  the  elements,  but 
actually  strong  enough  to  carry  railroad  freight  traffic. 

The  modern  development  of  Portland  cement  concrete  furnishes 
the  engineer  of  to-day  with  a  structural  material  easy  to  handle, 
particularly  adapted  to  the  construction  of  vaulted  masonry,  and 
differing  widely  in  some  of  its  properties  from  materials  heretofore 
commonly  used  in  such  construction  ;  and  the  writer  wishes  to 
emphasize  a  few  points  concerning  the  stresses  which  result  in 
monolithic  work  of  this  nature. 

The  author  translates  and  endorses  a  theory  on  the  stability  of 
groined  arches  dependent  entirely  on  the  non-existence  of  other 
forces  than  compression,  and  says  : 

"It  is  apparent,  of  course,  that  this  method  makes  no  allowance 
for  the  greater  stability  of  the  structure  due  to  the  monolithic 
character  of  the  masonry  when  constructed  of  concrete ;  which 
stability  is  no  doubt  materially  increased  thereby." 

The  writer  has  repeatedly  noticed  this  tendency  with  engineers  in 
designing  structures  of  concrete  ;  they  are  made  similar  to  structures 
in  brick  or  stone,  and  the  added  stability  due  to  other  properties  than 
those  possessed  by  such  materials  is  dismissed  with  the  thought  that 
the  structure  is  all  the  safer.  We  would  not  think  of  substituting 
steel  for  cast  iron  and  taking- into  account  only  the  properties  of  the 
latter. 

Monolithic  concrete  is  an  independent  building  material,  and 
surely,  in  such  a  position  as  in  groined  arch  masonry,  is  entitled  to 
separate  consideration  ;  the  stresses  in  such  a  structure  must  be  very 
complex,  but  possibly  their  nature  is  somewhat  as  follows  : 

Consider  a  groined  arch  unit  as  shown  by  the  author  in  Fig.  4,  and 
cover  its  upper  surface  with  a  uniformly  distributed  load,  the  result 
must  be  a  tendency  to  lower  the  outside  edges,  and,  in  a  single  unit, 
such  as  we  are  now  considering,  it  can  be  seen 
that  this  tendency  must  be  resisted  by  the 
tensile,  cross-breaking  or  shear  stresses  in  the 
mass  of  the  unit  itself.  This  action  will  be 
understood  more  readily  if  we  think  of  the  unit 
as  made  up  of  a  stack  of  square,  thin  plates  FlG- 15 

of  varying  areas  piled  symmetrically  on  top  of  the  pier,  as  in  Fig.  15. 
If  we  go  a  step  further,  and  remove  the  center  of  these  plates,  we  have 
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the  result  indicated  in  Fig.  16,  in  which  most  of  the  cross-breaking  Mr.  Fuller, 
stresses  are  replaced  by  tension  in  the  rings,  and  we  have  a  case  some- 
what analogous  to  that  of  a  dome. 

The  placing  of  these  units  together  to 
form  a  groined  arch  vaulting  also  brings  into 
play  compressive  stresses,  but  as  there  must 
be  a  perceptible  lowering  of  the  keystone 
before  the  arch  action  takes  effect,  it  is  seen 

that,  if  the  groined  arch  unit  is  capable  of  resisting  the  tensile 
stresses,  the  arch  action  may  not  be  brought  into  play  at  all  and  is 
certainly  only  a  secondary  consideration.  In  siich  a  case  the  stability 
of  the  structure  is  added  to  in  just  such  proportion  as  these  tensile 
and  other  stresses  are  brought  into  play. 

These  illustrations  are  enough  to  induce  a  disbelief  in  the  appli- 
cability of  the  author's  theory  to  monolithic  concrete  vaulting,  and 
the  writer  believes  such  a  theory  is  equally  inapplicable  to  brick  or 
stone  construction  because  the  strain  represented  above  as  being 
resisted  by  the  mass  of  the  unit  section,  in  this  other  case  would  be 
resisted  by  the  outside  abutments  of  the  structure. 

It  is  to  be  regretted  that  in  demolishing  a  theory  on  which  formulas 
are  based,  other  formulas  cannot  be  set  up  in  their  place,  but  the 
writer  believes  that  the  case  of  the  groined  arch  is  too  complicated  for 
the  development  of  theoretical  formulas  which  can  be  even  approxi- 
mately correct,  and  suggests  that  practical  experimenting  and  the 
development  of  empirical  formulas  is  the  only  solution  of  such 
questions. 

The  writer  has  experimented  on  models  of  groined  vaulting  con- 
structed of  neat  Portland  cement  on  a  scale  of  -jV  of  an  actual  structure 
and  presents  in  Plate  IX,  two  photographs  of  one  model  showiug  the 
method  of  failure,  which  was  nearly  identical  in  all  the  models.  In 
Plate  IX,  Fig.  1  shows  the  top  and  Fig.  2  the  underside  of  the  model. 

The  cracks  are  numbered  in  the  order  in  which  they  appeared  as 
the  loading  was  applied,  and  it  will  be  seen  that  the  first  six  were 
tension  cracks,  and,  furthermore,  that  all  units  indicated  tension 
cracks  before  the  compression  cracks  appeared  on  that  unit. 

The  surprising  thing  about  these  models  was,  that  they  sustained 
far  heavier  loading  before  showing  failure  than  would  be  supposed 
possible,  and  thus  indicated  that  the  accepted  sections  for  such  vault- 
ing can  be  reduced  materially,  but,  of  course,  experiments  should  be 
tried  on  full-sized  sections  before  any  general  deductions  can  be  made. 

It  can  be  seen  also  that  if  iron  in  tension  is  used  in  the  proper  place 
in  a  groined  arch,  the  strength  of  the  arch  will  be  increased  materially, 
and,  conversely,  that  its  section  and  cost  for  a  given  strength  can  be 
reduced  materially. 

A  little  time  and  money  devoted  to  experimenting  along  the  lines 
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Mr.  Fuller,  indicated  would   put  us  iu  possession  of  a  light,  durable  and  com. 
paratively  inexpensive  covering  for  reservoirs  and  filter  beds. 

Concerning  the  cal- 
culation of  quantities 
of  the  masonry  vault- 
ing the  writer  evolved 
formulas  for  the  differ- 
ent cases  some  time  ago, 
which  gave  the  same 
results  as  those  of  the 
author,  but,  as  his  treat- 
ment of  the  subject 
differs  from  that  of  the 
author,  a  solution  of 
one  general  case  is  ap- 
pended to  illustrate  the 
difference  in  methods. 

Take  the  case  of  the  pai*abolic  groined  arch  unit  as  shown  in  Fig. 
17,  and  the  following  notation  : 

LOnlpaninal    Cross  sPan- 
One-half  distance  center  to  center  of  piers. .  .   c  / 

One-half  clear  span a  d 

Rise  of  span b  b 

With  origin  at    0  the  equations  of  the  generating  parabolas  are 


Fig.  17. 
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F=4ft[o/-J(a/+cd)+^?] (1) 

The  volume  of  the  air  space  remaining,  between  the  plane  of  springing 
lines  and  soffit  of  arch,  is 

f  =  4  be/—  7=y(4a/+4crf-  dad) (2) 

The  value  of  v  in  formula  (2)  is  the  same  as  that  found  by  the 
author  after  the  necessary  changes  have  been  made  in  the  notation. 
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COMPARISON  OF  WEIGHTS  OF  A  THREE-HINGED 

AND  A  TWO-HINGED  SPANDREL-BRACED 

PARABOLIC  ARCH. 

Discussion.* 


By  Henky  S.  Jacoby,  Assoc.  Am.  Soc.  C.  E. 


Henky  S.  Jacoby,  Assoc.  Am.  Soc.  C.  E.  (by  letter). — Since  the  Mr.  Jacoby. 
adoption  of  the  design  of  the  spandrel -braced  steel  railway  arch  over 
the  Niagara  River,  and  the  beginning  of  its  construction,  the  writer 
has  taken  a  renewed  and  more  definite  interest  in  the  comparative 
study  of  different  types  of  metallic  arches.  At  his  suggestion,  two 
graduate  students  in  the  College  of  Civil  Engineering  of  Cornell  Uni- 
versity last  year  made  the  computations  necessary  to  determine  the 
relative  weight  of  three-hinged  and  two-hinged  spandrel-braced 
arches  having  the  same  general  dimensions  and  loading  as  the 
Niagara  Railway  Arch.  Mr.  George  G.  Smith,  Jr.,  made  the  design 
for  the  two-hinged  arch,  while  Charles  C.  More,  Jun.  Am.  Soc.  C. 
E. ,  made  the  design  for  the  three-hinged  arch  as  well  as  that  of  a 
combination -type  arch,  which  will  be  described  in  the  latter  part  of 
this  discussion. 

The  general  dimensions,  loading  and  specified  unit  stresses  are 
given  in  the  paper  on  "  The  Niagara  Railway  Archf. " 

*This  discussion  (of  the  paper  by  C.  W.  Hudson,  Assoc.  M  Am.  Soc.  C.  E.,  printed 
in  Proceedings  for  August,  1899)  is  printed  in  Proceedings  in  order  that  the  views 
expressed  may  be  brought  before  all  members  of  the  Society  for  further  discussion. 
(See  rules  for  publication,  Proceedings,  Vol.  xxv,  p.  171.) 

Communications  on  this  subject  received  prior  to  November  24th,  1899,  will  be 
printed  in  a  later  number  of  Proceedings,  and  subsequently  the  whole  discussion  will  be 
published  in  Transactions. 

t  By  R.  S.  Buck,  M.  Am.  Soc.  C.  E.,  Transactions,  Am.  Soc.  C.  E„  Vol.  xl,  p.  135. 
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Mr.  Jacoby.  In  rinding  the  stresses  in  the  trusses,  however,  two  excess  panel 
loads  were  substituted  for  the  excess  of  the  two  locomotives  above  the 
corresponding  weight  of  the  train. 

The  Two-Hinged  Arch. — In  view  of  the  statement  made  on  page  137 
of  that  paper,  the  given  sectional  areas  of  the  members  of  the  arch 
were  not  used  except  to  find  the  stresses  adopted  in  re-designing  the 
sections.  After  this  an  additional  revision  was  made,  in  order  to  see 
whether  the  final  sections  should  generally  depend  upon  the  second  or 
the  third  series  of  stresses,  the  first  series  being  the  preliminary  ones 
which  depend  upon  an  assumption  of  equal  sectional  areas  for  all  the 
members. 

It  was  found  that  the  required  areas  of  the  upper  chord  were 
increased  from  0.5  to  1.1%,  except  those  of  Ur  and  Us  in  Fig.  7,  in 
which  the  increase  was 
2.9  and  3.3,%",  respect- 
ively. The  areas  of  L.- 
and  L7  were  increased 
0.5%,  while  those  of 
the  remaining  lower- 
chord  members  were 
diminished  from  0.4  to 
1.3  percent.  The  areas 
of  the  diagonals  were 
increased  from  0.2  to 
1.8%,  except  that  of  D:,  in  which  the  increase  was  6.8  per  cent.  In 
the  verticals,  the  increase  of  section  varied  from  1.2  to  3.5%,  except 
for  V-,  in  which  it  was  6.8  per  cent.  Since  most  of  these  differences 
were  covered  by  the  excess  of  the  sections  adopted  over  those  required , 
only  a  few  members  were  affected  by  this  revision. 

These  changes  in  section  are  relatively  much  smaller  than  one  is 
led  to  expect  from  the  corresponding  differences  in  the  stresses,  the 
result  being  due  to  the  influence  of  the  reverse  stresses  in  the  design. 
The  temperature  stresses  were  derived  for  a  range  extending  from  75° 
above  to  75°  below  the  standard.       • 

The  above  results  indicate  that  the  desirability  of  making  the 
second  revision  depends  largely  upon  the  magnitude  of  the  structure, 
while  it  is  evidently  affected  to  some  extent  by  the  form  and  proportion 
of  the  trusses. 

The  Three-Hinged  Arch. — The  dead-load  stresses  for  the  three- 
hinged  arch  were  first  found  by  using  the  same  panel  loads  as  those 
which  had  been  determined  from  the  design  of  the  two-hinged  arch. 
After  this  preliminary  design  was  completed  the  dead  panel  loads  were 
computed  and  found  to  exceed  the  previous  values  by  percentages  vary- 
ing from  0.8  near  the  middle  to  3. 6  near  the  ends  of  the  truss,  while  the 
middle  panel  load  was  0.3%  less.     The  average  excess  is  2.32  per  cent. 
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The  dead-load  stresses  were  revised  accordingly,  and  the  following  dif-  Mr.  Jacoby. 

ferences  were  found,  expressed  as  percentages  of  the  sum  of  the  dead, 

live  and  0.8  times  the  reverse  stresses.     For  the  upper  chord,  0.8  —  1.9; 

for  the  lower  chord,  1.3  —  2.0;  for  the  diagonals,  0.3  —  2.0;  and  for 

the  verticals,  0.2  —  2.4.     All  the  stresses  were  increased,  except  those 

in  D4,  V6,   V7  and  Vs. 

These  changes,  however,  affected  the  sectional  areas  of  only  four 
members,  the  rest  being  covered  by  the  small  excesses  in  area  made 
necessary  by  the  make-up  of  the  sections. 

Comparative  Weights. — Excluding  the  connecting  plates,  rivet  heads 
and  some  minor  details,  all  of  which  may  be  reasonably  assumed  to 
vary  in  the  same  ratio  as  the  members  of  the  respective  trusses,  it  was 
found  that  the  trusses  of  the  three-hinged  arch  were  0.84%  lighter 
than  those  of  the  two-hinged  arch.  The  material  is  distributed  as 
shown  in  Table  No.  3. 

TABLE  No.  3. 


Tvvo-hiuged  arch. . . 
Three-hinged  arch. 


Upper  chords. 


15.6% 
12.9V 


Lower  chords.     Diagonals 


36.7% 
43.4% 


22.2  V 
20.1% 


Verticals. 


25.5% 
23. 0",, 


It  will  be  observed  that  in  the  three-hinged  arch  a  considerably 
larger  proportion  of  the  material  is  contained  in  the  lower  chord,  while 
the  other  classes  of  members  contain  less  material  than  the  two-hinged 
arch.  Only  four  members  in  these  classes,  U3,  Uv  DY  and  D2  are  larger 
in  the  three-hinged  arch.  It  may  be  of  interest  to  note  that  the  range 
of  stress  in  the  lower  chord  of  the  three-hinged  arch  is  6.5%  less,  while 
the  maximum  stress  (excluding  the  wind)  averages  17.0%  more,  and 
the  live-load  stress  26.8%  more,  than  in  the  two-hinged  arch. 

In  order  that  the  influence  of  the  crown  hinge  might  be  obscured  as 
little  as  possible  by  extraneous  conditions,  the  designs  of  the  corre- 
sponding members  in  the  two  hinged  and  three-hinged  arches  were 
made  as  nearly  alike  in  every  respect  as  the  required  sectional  areas 
would  permit,  the  differences  in  the  composition  or  make-up  of  the 
sections  from  that  used  in  the  construction  of  the  Niagara  Railway 
Arch,  being  reduced  to  a  minimum.  Since  the  distance  from  back  to 
back  of  the  angles  in  the  chords  was  made  the  same  in  all  cases,  the 
additional  material  required  in  the  lower  chord  of  the  three-hinged 
arch  had  generally  to  be  placed  on  the  inside  and  in  the  web  plates, 
the  result  being  to  reduce  the  squares  of  the  radii  of  gyration  by  an 
average  of  4  percent.  This  element  places  the  three-hinged  arch  at  a 
slight  disadvantage. 
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Mr.  Jacoby.  Comparison  with  the  Arch  of  2O0-Ft.  Span. — The  corresponding  dis- 
tribution of  material  in  the  trusses  described  by  the  author  is  given 
in  Table  No.  4. 

TABLE  No.  4. 


Upper  chord. 

Lower  chord. 

Diagonals. 

Verticals. 

23.2  V 

ir.7"„ 

45.  Vi 

17.4%- 

19.4V 

19. TJ^ 

17.7.V 

The  web  members  are  relatively  lighter  than  in  Table  No.  3,  while 
the  chords  are  heavier,  notably  the  upper  chord.  Some  of  this  dis- 
parity may  be  accounted  for  by  the  difference  in  the  working  stresses, 
as  well  as  the  differences  in  the  relative  loading  and  in  the  proportions 
of  the  trusses.  The  uniform  live  load  in  the  Niagara  Arch  is  2.3 
times  as  great,  while  the  dead  load  is  only  1.8  times  as  great  per  linear 
foot  as  in  this  arch.  Again,  the  span  is  2.75  times  as  great,  while  the 
depth  at  the  crown  is  3.33  times  as  great.  The  ratio  of  the  rise  of  the 
lower  chord  to  the  span  is  very  nearly  the  same.  The  trusses  of  the 
Niagara  Arch  are  about  10  times  as  heavy  as  those  of  the  smaller  arch. 
The  range  of  temperature  was  assumed  as  25%  greater.  The  dif- 
ferences between  the  required  sectional  areas  and  those  adopted  in  the 
design  are  relatively  much  larger  in  the  smaller  arch  on  account  of 
the  smaller  sections,  and  the  greater  influence  of  the  limitations  im- 
posed by  the  minimum  thickness  of  metal  allowed. 

The  different  conditions  just  stated  likewise  affect  the  relative 
weights  of  the  trusses  of  the  two  types  of  arches,  but  it  would  require 
additional  investigation  to  determine  the  magnitude  of  this  effect. 

One  other  element  should  be  mentioned,  namely,  the  effect  of  the 
wind  stresses  upon  the  truss  members.  For  the  comparative  designs 
of  the  Niagara  Arch  it  was  assumed  that  no  section  should  be  increased 
in  area  unless  the  wind  stress  exceeded  40_%'  of  the  sum  of  the  dead, 
live  and  temperature  stresses.  It  was  found  that  this  required  an 
increase  in  only  two  chord  members  near  the  middle  in  the  two-hinged 
arch,  and  one  in  the  three-hinged  arch. 

It  may,  perhaps,  be  well  to  call  attention  to  the  fact  that  if  in  the 
smaller  arch  described  in  the  paper  the  weight  of  the  details  be  ex- 
cluded, the  difference  in  favor  of  the  two-hinged  arch  is  reduced  to 
3.9%,  while  if  the  details  are  included  and  made  the  same  in  both  cases 
the  differences  will  be  only  2.7  per  cent. 

A  Combination- Type  Arch. — Any  slight  yielding  in  the  foundations 
of  a  two-hinged  arch  materially  changes  the  stresses,  especially  near 
the  crown,  while  inaccuracies  in  the  construction,  in  locating  the  end 
hinges,  or  in  adjustment  in  closing  the  arch,  have  a  similar  effect.     In 
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view  of  these  facts,  it  appeared  to  the  writer  that  it  would  be  desirable  Mr.  Jacoby. 
to  erect  an  arch  with  three  hinges,  and,  after  completion,  when  all  the 
dead  load  is  in  place,  to  transform  it  into  a  two-hinged  arch  by  con- 
necting, at  the  standard  temperature,  the  upper  chord  at  the  center 
and  by  riveting  the  connection  at  the  crown  hinge.  Such  an  arrange- 
ment eliminates  the  effect  of  any  inaccuracies  in  construction  or  erec- 
tion, as  well  as  those  of  the  initial  set  of  the  abutments,  due  to  the 
imposed  loads.  The  resulting  stresses  are  a  combination  of  the  dead- 
load  stresses  of  a  three-hinged  arch  with  the  live-load  and  temperature 
stresses  of  a  two-hinged  arch. 

It  seemed  worth  while  to  determine  how  the  weight  of  such  an  arch 
would  compare  with  the  other  two  types,  and  whether  it  would  possess 
any  other  merit  than  that  of  realizing  more  perfectly  in  construction 
the  conditions  which  are  assumed  in  its  design  than  is  done  by  the 
two-hinged  arch. 

In  the  first  determination  of  the  sectional  areas  the  stresses  obtained 
in  the  preceding  designs  were  used,  and  then  a  revision  was  made  with 
the  aid  of  a  new  set  of  live  and  temperature  stresses.  The  tempera- 
ture stresses  were  10:]%  greater  than  before.  In  this  revision  the 
required  sectional  areas  were  increased,  with  three  exceptions,  by  from 
0.4  to  8.2%",  the  difference  being  below  2%  in  all  but  a  few  members. 
One-half  of  the  areas  at  first  adopted  were  increased  by  amounts 
varying  from  1.0  to  3.8%,  except  one  which  had  to  be  enlarged  5.9  per 
cent. 

The  weight  of  this  truss,  exclusive  of  the  connecting  details,  was 
found  to  be  4. 2%  greater  than  that  of  the  two-hinged  arch.  This 
excess  in  weight  is  due,  mainly,  to  the  influence  of  the  larger  reverse 
stresses  in  many  of  the  members.  The  distribution  of  weight  is  as 
follows:  Upper  chords,  16.5%;  lower  chords,  37.2%;  diagonals,  22.3%; 
and  verticals,  24.0  per  cent. 

Comparing  the  various  classes  of  members  with  those  of  the  two- 
hinged  arch,  the  results  are:  Upper  chords,  9.7%  heavier;  lower 
chords,  5.8%  heavier;  diagonals,  4.8%  heavier;  and  verticals,  1.9% 
lighter.  With  the  three-hinged  arch  as  a  basis  of  comparison,  the 
upper  chord  is  34.0%  heavier;  the  lower  chord,  9.8%  lighter;  the 
diagonals,  16.3%  heavier;  and  the  verticals,  7.0%  heavier. 

The  distribution  of  the  material  in  this  combination-type  of  arch  is 
such  that  it  forms  a  stiffer  structure  than  the  two-hinged  arch,  its  static 
deflection  at  the  center  under  full  live-load  being  nearly  10%  less. 

The  writer  wishes  to  express  his  appreciation  of  the  great  care 
exercised  by  Messrs.  More  and  Smith  in  making  the  computations 
and  graphic  constructions  involved  in  these  designs,  and  from  which 
this  discussion  has  been  prepared. 

In  conclusion,  a  note  may  be  added  in  the  interest  of  diminishing 
the  labor  required  to  find  the  stresses.     If  the  stresses  in  the  upper 
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Mr.  Jacoby.  chord  due  to  H  =  1  and  7=1  be  computed  and  laid  off  on  the  hori- 
zontal lines  in  Figs.  3  and  6,  respectively,  experience  shows  that  the 
rest  of  the  stresses  may  be  determined  graphically  with  a  precision 
that  answers  fully  all  the  requirements  of  design,  it  being  understood 
that  a  suitable  scale  is  adopted.  This  procedure  will  save  the  tedious 
computations  for  the  lengths  of  the  lever  arms  of  the  remaining  tru^s 
members. 
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By  Messrs.  O.  E.  Selby,  Henry  S.  Prichard  and  Charles  B.  Wing. 


O.  E.  Selby,  Jun.  Am.  Soc.  C.  E.  (by  letter). — It  is  the  purpose  of  Mr.  Selby. 
the  writer  to  present,  first,  three  tables  giving  actual  moments  and 
shears  in  trusses  and  plate-girders  produced  by  the  loading  in 
"Cooper's  1896  Specifications;"  second,  a  table  of  the  single-excess 
loads  which,  with  the  constant  uniform  train-load,  will  produce  the  same 
moments  and  shears  as  the  wheel- loads;  third,  two  diagrams  on  which 
these  excess  loads  are  plotted  in  order  to  determine  their  laws  of  varia- 
tion; fourth,  three  simple  formulas  deduced  from  the  diagrams,  which 
will  give  values  of  excess  loads  producing  moments  and  shears  sub- 
stantially equal  to  those  produced  by  the  wheel  loads;  fifth,  a  simple 
specification  for  loading  which  will  combine  in  one  operation  the  com- 
puting of  the  quiescent  stresses  and  the  allowance  for  impact. 

The  tables  for  moments  and  shears  for  Cooper's  "  EAO"  have  been 
computed  systematically  and  checked  carefully,  and  will  be  useful  to 
those  who  still  prefer  to,  or  find  it  necessary  to,  compute  stresses  by 
the  actual  wheel-loads  for  this  specification. 

Table  No.  10  gives  the  moment,  end  shear,  center  shear  and  shear 
at  quarter  point  for  plate-girder  spans,  varying  by  increments  of  1  ft., 
from  10  to  125  ft.  Tables  Nos.  11  and  12,  respectively,  give  moments 
and  shears  for  truss  si^ans  of  5,  6,  7,  8  and  9  panels,  and  panel  lengths 
varying  by  increments  of  1  ft.  from  20  to  35  ft.  This  includes  span 
lengths  between  100  ft.  and  315  ft.  The  shears  apply  only  to  trusses 
*  Continued  from  August,  1899,  Proceedings. 
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Mr.  Selby.  with  parallel  chords.  The  arrangement  of  the  tabulation  by  panel 
lengths  rather  than  span  lengths  is  believed  to  be  new,  and  facilitates 
a  complete  tabulation  in  a  small  space.  Values  for  intermediate  panel 
lengths  can  be  obtained  by  direct  interpolation.  All  values  in  the 
tables  are  for  one  truss  or  girder. 

Having  prepared  the  foregoing  tables  for  his  own  use,  some  time 
ago,  the  writer  began  to  cast  about  for  a  simple  substitute  loading 
which  could  be  used  instead  of  wheel  loads  in  general  without  material 
variation  in  the  results,  and  for  some  rule  for  varying  the  substitute 
loading  to  correspond  with  different  engine  loadings.  He  made  many 
comparative  computations,  using  various  single  excesses,  double  ex- 
cesses, uniform  loads,  etc.,  with  results  in  favor  of  the  single-excess 
method,  but  without  rinding  any  one  excess  load  which  gave  satisfac- 
tory results  for  widely  different  span  lengths.  Finally,  it  occurred  to 
him  to  compute,  for  the  various  positions  and  span  lengths,  the  excess 
loads  which,  with  the  uniform  train-load,  would  produce  the  actual 
moments  and  shears  in  the  table,  and  to  study  their  laws  of  variation. 

Table  No.  13  gives  the  values  of  such  excess  loads  E,  for  one  truss 
or  girder,  for  all  panel  points  of  trusses  of  5,  6,  7,  8  and  9  panels,  with 
panel  lengths  varying  by  3  ft.  from  20  to  35  ft.,  and  for  plate-girders 
of  lengths  varying  by  5  ft.  from  10  to  125  ft. 

The  formulas  for  computing  E  are  very  simple.  Let  31=  total 
actual  moment,  Ma  =  moment  from  uniform  load  and  Me  =  moment 
from  excess  load.     Then  M=MU  -\-  M.     Similarly  for  shears  S  — 

s*  +  se. 

Let  w  =  uniform  train- load  per  foot  and  I  =  span. 
For  moment  in  a  plate-girder: 

M  =  -  w  ll  A-  7  E  I,  from  which 
8  4 

4  M      to 
E  =-t -/. 

For  a  train-load  of  4  000  lbs.  per  foot,  with  1  000-lb.  units,  w  =  2 

4  M 

for  one  girder,  then  E  =  — /. 

For  end  shear  in  a  plate-girder: 

£  =-~w  I  -\-  E,  from  which  E  =  S  —  s  w  I. 

If  m  =  2,  E  =  S  —  1. 

For  center  shear  in  a  plate-girder : 

„       1      IE      1      ,  ,   E   . 

o  =  2  w  <r  -f  -jr-  =-£  w  I  -\-  —,  from  which 

E=2  S  —  ]  w  I. 
4 

If  w  =  2,  E  =  2  S  —  -1. 
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For  moments  in   a  truss,  let  N  =  whole   number  of   panels   and  Mr.  Selby. 
n  =  number  of  panels  to  the  left  of  the  point  in  question  ;  then,  con- 
sidering the  uniform  panel  load  concentrated  at  the  panel  point, 


M„ 


N-l 


p  to  X  n  p 


n  (n-1)  9  w      .,r     , 

p  X  p  w  =  p   jr  n  (N-n) 


2    /•  -  -  •-*  2 

If  w  =  -l,  Ma=p-  n  {N-n). 

„,        N-n  „ 

Me=-W-Enp 

N-n  (  E\ 

31  =  p2  n  {N  —  n)   -| ^-  E  n  p=  n  (N-n)  p  [p  -f  ■=. )  ,  from 

which 

\n  (N-n)  p       1  ) 
For  shears  in  a  truss: 

(N—  n  +  1)   (N—  ii) 


8U  =P  "' 

If  w  =  2,  Su 

N—n 


2N 

N 


8.= 


'N~ 


v.. 


8  =  ?  (N-n  +  l)(N-n)  +  N-n  ^  ^  ^ 


E  = 


N 
N—  n 


N  '        N 

S  —  p(N—n  +1). 


Fig.  8. 
Au  inspection  of  Table  No.  13  shows  that  the  values  of  E  increase 
slowly  with  the  span  length  for  plate-girders  and  are  nearly  uniform 
for  different  panel  lengths,  but  vary  with  the  position  in  the  truss  and 
the  number  of  panels.  The  values  for  plate-girders  have  been  plotted 
on  the  diagram,  Fig.   8,  together  with  straight  lines,  which  coincide 
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Mr.  Selby.  practically  with  the  curves  of  actual  values.     The  equations  of  the 
straight  lines  are  as  follows: 

For  end  shears        E,  for  one  girder,  =  25  +  \    L. 
"    moments  "  "  "      22+-1Jg-i. 

"    center  shears     "  "  "      20  +  -^0  L. 

Shears  and  moments  computed  from  values  of  E  obtained  by  the 
foregoing  formulas  will  differ  from  the  actual  values  by  very  small  per- 
centages  on  the  safe  side,  except  for  span  lengths  of  less  than  20  ft.  The 
greatest  differences  are  as  follows:  For  moments— 10- ft.  span,  46. 6%, 
15-ft.  span,  15.5%;  20- ft.  span,  6.6%,  100- ft.  span,  2.5%.  For  end 
shears— 10-ft.  span,  25%,  15-ft.  span,  9.4%,  60-ft.  span,  2.5%.  For 
center  shears— 10-ft.  span,  30%,  15-ft.  span,  9.1%,  20-ft.  span,  14.3%, 
25-ft.  span,  8%,  30-ft.  span,  7.4%,  125-ft,  span,  -3.3  per  cent. 
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Fig.  9. 


By  the  use  of  the  above  formulas  for  E,  the  greatest  excess  over  the 
actual  quiescent  stress  comes,  as  it  should,  on  the  shorter  spans,  where 
extra  metal  in  a  girder  is  desirable  for  the  sake  of  mass.  In  a  specifica- 
tion for  actual  use  the  number  of  formulas  could  be  reduced  to  two, 
with  advantage,  using 

E  =  25  -f-  ]  L  for  end  shears,  and 
E  =  22  -+-  -^0  L  for  moments  and  center  shears. 
The  increase  in  values  of  center  shears  would  not  result  in  much  in- 
crease in  the  weight  of  metal. 

The  values  of  E  for  truss  shears  have  been  plotted  on  the  diagram, 
Fig.  9,  taking  the  average  value  at  each  panel  point  for  the  different 
panel  lengths.  The  abscissas  of  this  diagram  represent  percentages 
of  span  unloaded.  The  parabola  plotted  will  give  values  of  E  which 
will  produce  shears  practically  equal  to  the  actual  shears;  the  greatest 
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excesses  being  on  the  short  spans  and  on  counter  shears,  where  they  Mr.  Selby. 

should  be.     The  greatest  percentages  of  difference  are  as  follows: 

|  20-ft.  panel 7.7% 

f  20       "  12.3% 

f  20       "  8.4% 

2  29       " 8.3% 

|20       »  3.6% 

£29       »  7.0% 

n 
The  equation  of  the  parabola  is  E,  for  one  truss,  =50  —  72  —^r,  m 

which  n  =  number  of  panels  unloaded,  and  N  =  whole  number  of 
panels.  The  values  of  E  by  this  formula,  for  the  different  panel  ratios, 
are  shown  in  Table  No.  14. 

TABLE  No.  14. 


Panels  unloaded. 

Whole  Number  oi 

Panels. 

5 

6 

7 

8 

9 

1 

47 
38 
24 
4 

48 
42 
32 
18 
0 

49 
44 
37 
26 
13 

49 
46 
40 
32 
22 
10 

49 

2 

46 

3 

42 

4                                       

36 

5 

28 

6...             

18 

7 

6 

The  use  of  this  formula  (or  Table  No.  14)  for  E,  in  a  specification, 
would  give  shears  substantially  equal  to,  and  never  appreciably  less 
than,  those  by  Cooper's  Specification. 

The  values  of  E  for  truss  moments  do  not  vary  much  below  40  for 
one  truss.  Using  a  constant  value  of  40,  the  greatest  percentages  of 
excess  are  as  follows: 

1  20-ft.  panel : 6.5% 

f  20  "        "      4.4% 

*  32  "        "     3.4% 

i  35  »       "     4.1% 

f  32  '•       "     3.1% 

f  35  "       «     3.7% 

An  inspection  of  the  diagrams,  Figs.  8  and  9,  shows  that  the 
method  proposed  by  Mr.  Oowles,  of  using  the  uniform  train-load 
headed  by  the  maximum  floor-beam  reaction,  will  generally  give  results 
too  small.  The  panel  excess  derived  from  the  floor-beam  reactions 
for  panels  of  20  to  35  ft.  varies  from  25.6  to  27.5,  and  averages  26.5  for 
one  truss. 

It  will  be  seen  that  the  necessary  excess  is  greater,  and  usually 
much  greater,  than  this,  except  for  counter  shears  and  short  plate- 
girders.     The  writer  knows  of    one  bridge  now   being  built   under 
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Mr.  Selby.  Cooper's  Specifications,  in  which  the  equivalent  loading  is  taken  as 
4  000  lbs.  per  foot,  with  50  000  lbs.  excess.  The  specifications  of  a 
prominent  system  call  for  two  classes  of  loading:  Class  A,  5  000  lbs. 
per  foot,  with  50  000  lbs.  excess;  and  Class  B,  4  000  lbs.  per  foot,  with 
40  000  lbs.  excess.  It  is  evident  from  the  diagrams  that  these  values 
of  20  and  25  for  E  are  too  small  to  give  consistently-designed  bridges 
for  a  uniform  train-load  headed  by  two  correspondingly  heavy  consoli- 
dation engines. 

It  may  seem  strange,  at  first  glance,  that  the  values  of  E  should  be 
smaller  for  short  plate-girders  than  for  longer  ones,  but  it  will  be  found 
that  the  value  of  E  divided  by  the  span  length  is  greater  for  the  short 
spans  than  for  the  long  ones;  that  is,  the  "  equivalent  uniform  load," 
increases  as  the  span  decreases. 

A  specification  based  on  the  foregoing  formulas,  viz.,  the  use  of  a 
uniform  load  of  2  000  lbs.  per  foot  for  one  truss  or  girder  with  a  single 
excess,  determined  by — 

E  =  40  for  trass  moments, 

n2 
E  =  50  —  72  -r=r—  "       "      shears, 

E  —  25  -\-  \  L  "  plate-girder  end  shears,  and 
E  =  22  4-  n,  L  "  "  "  moments  and  center  shears, 
would  surely  give  a  consistently  proportioned  structure,  with  stresses 
as  nearly  equivalent  to  the  actual  quiescent  ones  as  it  is  possible  to  obtain 
by  simple  methods.  The  uniform  load  is  constant,  and  the  values  of  E 
are  determined  by  easily  memorized  formulas,  no  tables  or  diagrams 
being  necessary.  Mr.  Waddell's  "  equivalent  uniform  load  "  method  is 
necessarily  cumbersome,  because  the  load  for  any  given  span  has  to  be 
taken  from  a  diagram  plotted  from  computed  equivalents,  and  cannot  be 
memorized.  The  diagram  must  be  before  one  when  beginning  the  com- 
putation of  a  span.  Mr.  Waddell,  in  his  discussion,  says:  "In  these 
tables  the  best  possible  showing  was  made  for  both  the  single-concen- 
tration method  and  the  double-concentration  method."  It  is  evident 
that  it  is  not  the  best  possible  showing  for  the  single-excess  method  to 
compare  results  obtained  by  using  a  constant  value  of  E  with  those 
obtained  by  using  a  variable  value  of  uniform  load  computed  for  the 
cases  compared.  To  illustrate  by  an  extreme  case,  if  the  variable 
excesses  from  Table  No.  13  were  used  in  a  comparison,  the  showing 
for  the  single-excess  method  would  be  very  good,  indeed,  as  the  per- 
centage of  error  would  be  zero  in  every  case.  It  has  been  shown  that 
the  differences  from  using  the  foregoing  simplified  formulas  are  very 
small,  except  for  spans  less  than  20  ft.,  and  that,  in  all  cases,  the  excess 
of  metal  resulting  is  placed  where  it  will  do  the  most  good. 

Finally,  by  introducing  the  consideration  of  impact,  and,  bearing 
in  mind  the  widely  varying  ideas  as  to  the  proper  allowances  therefor, 
it  becomes  possible  to  simplify  still  further  the  specified  loading,  and 
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to  compute  at  one  operation  both  the  quiescent  stresses  and  the  impact  Mr.  Seiby. 
allowance.     Tables  Nos.  15,  16  and  17  show  the  percentage  of  excess 
stress  from  using  a  constant  value  of  E  for  all  purposes,  and  a  com- 
parison with  the  allowance  for  impact   specified  by  the  railroad  sys- 
tem with  which  the  writer  is  connected.     The  formula  for  impact  is 

7=  ,  in  which  L  is  the  span  length  for  plate-girders  and  for 

truss  moments,  and  is  the  length  of  span  loaded  for  truss  shears. 

TABLE  No.  15.—  Plate-Girder  Spans. 


25  ft. 

50  ft. 

75  ft. 

100  ft. 

125  ft. 

Moments      E  —  50 

54  V 
33% 
33% 

30% 

31    % 
18.5% 
15    % 

16.7% 

22    % 
12    % 
6.2% 

12    % 

16% 
9% 

o% 

9% 

9.5% 

E-40 

3.2% 

End  Shears  E  -  50 

0    % 

Impact         J-i+10 

7.5% 

TABLE  No.  16. — Truss-Center  Moments,  20-Ft.  Panels. 


5  panels. 

6  panels. 

7  panels. 

8  panels. 

9  panels. 

E-  50 

14% 
9% 

10    % 

7.7% 

6.5% 
6.7% 

5.6% 
6    % 

5    % 

Impact 

/-       10 

5.3% 

£  +  10 

TABLE  No.  17.— Truss  Shears.    9  Panels  at  20  ft. 


Panel  points 

1. 

2. 

3. 

4. 

5. 

:  6. 

7. 

E  -  50 

0.6% 
6.0",, 

2.3% 
6.7% 

5.0% 
7.7% 

10  V 
9% 

19V 
11% 

34",, 
14% 

58.5% 

20.0% 

£  +  10 

Ideas  vary  so  much  as  to  the  correct  allowance  for  impact,  that  the 
above  formulas  will  answer  for  comparison  as  well  as  any,  and  the  corre- 
spondence is  close  enough  to  make  it  plain  that  the  use  of  a  constant 
single-excess  load  for  all  spans,  except  plate-girder  spans  under  20  ft., 
comes  very  near  to  giving,  with  one  operation,  the  desired  result, 
namely,  the  actual  stress  plus  the  impact. 

The  writer  would,  therefore,  favor,  for  a  standard  railroad  bridge 
specification,  the  use  of  a  uniform  load  of  4  000  lbs.  per  foot  of  track, 
together  with  a  single  excess  of  100  000  lbs. ,  placed  at  the  most  effective 
point,  with  no  other  allowance  for  impact  for  all  spans  over  about 
20  ft.  For  spans  under  20  ft.  stresses  would  be  determined  by  a 
series  of  the  heaviest  passenger-axle  loads  with  an  impact  allowance  of 
10 


L  +  10  • 


T30 


DISCUSSION"   ON    WHEEL- CONCENTRATIONS. 


[Papers. 


co  co  ce  cc oc  ec  to  •-  •-  to  '-•-<-  }-  •-  'j  ^  "-  —"i  It*  7^  t;  rt  r;  "  _  ., . 
e^  —  cc  S  —  cc  cc  i-i"-:n-«ii-  co  co  X  -J  oso>*-K^^Offlt. 


:  cc  ::j:;c.:i; 


4C4  to  O  00  -?  CJt  4*  to  44  c 


T-'  ~  ^~>  on  ;c  —  x  cc  —  to  c  J.  Si-iiboo  ~?  en  *».  to  >-i  «o  oo  c:  o>  4-  oc  • 
co  co  ->  -'  i;r  x-'*-^-  w'  c  en  ei  cc  — .  cc  o  on  o  in  o  on  oyaois- 

bi^bVobibbiboootSi^-fOttaooooooo-^UEDoo- 


ec  —  —  *  cc  cc  ec  cc  on  en  on  on  C  on  on  on  .-.  4_  4-  4-  a-  cc  cc  co  oc  co  to  to  •    • 
i  X  CT  O'  —  00  ~*co  C  -!  --.  C  C5  ii  -  o  x  -.  *-  to  O  X  CC  01  to  O  X  -}  •     • 

wiab-^'^c6j'fcK)CWOO'J^OA^tI010  3;fflO~10  0UI'      • 


End. 


*.  *.4c  ji  *.  4-  cc  cc  ::  co  ;:  c:  c:  co  c:  c:  .c  .o  ic  to  io  . '.  .o  .o  to  to  44  ■->• 

KiOKMGOIX-lC-.-OICili-O-OX-lCSOlKiC-OOQO-J; 
1Ul'xOCO-}'oMO(XOCO!D»l'^OiOW*.«OOtCO*l©OOai' 


O  CO  CO X  X  -I  -i  -  J  en  cc  cc  On  On  On  4-  4-  4-  CO  00  CO  co  to  to  ►-*  o  o  o  o  ■ 

4*'^Kl'xM*}^^!0ait5XifcOWOOaX00CCOW-1*OOOO- 


MP*t 


Center. 


— .  CC  CC  —  Cc  -.  On  0'  0'  Of  C»  0'  0'  O'  0'  On  4-  4-  4-  4-  4-  4-  4-  4-  4-  4-  CO  OO  CO  00 

ot  44  co  to  44  —  cc  x  -i  ~  on  4-  cc  10  -4  cc  cc  x  -rec  en  4-  co  to  4^  o  co  x  -j  en 


^C'IOI*)X-0'^j;"HC~-J-'C'^CX")X'OOH'ti«4-Ut01C^(X 

tnotciowc;o^c^o*.*»w»a'-ox0".oioi0)ffloifflfli0ic:ocooi 


co  cc  co  cc  cc  ee  5P  —  so  ec  —  —  CO  X  X  X  X  x  X  X  X  X  -J  -1  -1  -i -a  ~*  -<?  -I 

cc  to  44  cc  X  -?  cc  on  4-  cc  to  —  cc  oc  X  -•  c;  4-  c:  >c  "  o  c  x  c  oi  *.  w  m  o 

0C  CC  CO  O  -1  CC  Oil  44.  tO  O  44  tO  tO  tO  tO  44  O  O0  CX  00  -3  CC  **.  44  00  44.  CO  4-1  CO  en 


O  CI  Ol  c:  C  C.  -'  '.i  Ci  On  C  Oi  Or  On  On  C  C  On  01  On  On  4-  4-  4-  4-  4-  4--  44  44,  44. 
WtOM-CCOxX-JC.  COi4-4-«iC;iMOCOXOD»IOjaOI44^ 

o  44  bo  co  ^}  '►-!  on  x  to  en  bo  m  it-  bo  44  bt  bo  44  *-  -a  44  bn  to  to  on  bo  o  *>.  bo  4-1 


to  to  to  to  to  to  <0  10!  0)0  )0f.  10  to to  to  iO  10  101'. 10  to  10  ic  10  to  to  to  to  to 

CO  CO  X  X  X  -?  ->  -1  cc cc  cc  cc  Cn  On  On  4-  4-  4-  CO  CO  CO  co  to  to  to  to  <-i  4-i  »-4  o 

4-  v-  X  0'  to  CO  on  to  CO  CC  4^  ^  x  on  to  co  on  to  CD  -J  44.  to  CO  O  CO  O  -J  00  O  OS 


Moment. 


End. 


H  P't- 


Center. 


CO  CO  CO  CO  CC  CO  X  X  X  X  X  X  X  X  X  X  -"»  -7  -}  -}  -?  -J  ~?  -I  ->  -J  CC  CC  CC  Cn 

on  4c  co  to  —  —  co  x  -  >  cc  on  4-  co  .  o  —  —  co  x  -?  cc  on  4-  co  to  >-»  o  co  00  -I  en 


tO  tS  tO  tO  10  10  tO  tO  tO  10  tO  to  tO  tO  tO  iO  tO  to  tO  44  44  44  <-•  4-1  44  44  1-"  l-i  l-i  ^ 

cooooo^^cncnc^c^4^4^oocototOk-*NJoococo^cc"<J^>^?cncncn07T 
00  X  CO  -?  to  -J  —  C.  -^  O'  C  O'  —  '-<  —  cc  -^  cc  — '  -*  10  ->  cc  --  4-0  cc  10  X  uO 
co  on  H-*  on  00  o  on  4*  co  cc  cc  cc  cc  c:  ->  ■—  to  4-  co  to  o<  co  co  to  co  cc  on  co  t-1  co 

on  be  on  bb  0'  co  to  cc  be  'co  oo  b»  -si  -}  cj»  co  '44.  h-  o  bo  to  co  to  00  co  on  on  on  en 


Moment. 


:  11  • 


ilOtSIOtOtO(CtO'-'"«4i«iJMOOOp 


CO  tO  —  CO  X  0)  cc  J-  00  to  CO  CO  X  CC  On  4-  CO  "  O  CO  -J  Ci  *-  00  -^  O  CO  ~J  CO  on 

be  4 — •  x  bn  to  o  *i  4v-  i-i  -j  on  to  co  cc  to  o  ^i  4*.  ^  ^  co  oo  co  bo  on  to  oo  44.  o 


End. 


X  X  X  X  -J  ->  -1  ~?  ">  -3  -}  -J  -1  -i  -1  -J  -?  -?  CC  CC  CC  CC  CC  CC  CC  ~CSGi02ai 

tO  !-•  "-  O  CO  X  -J  -J  CC  On  On  4-  CO  00  tO  i-"  —  CO  CO  CO  X  X  -!  -I  OC  OJ'  On  4>  4V»  00 

on  '-1  c  bo  bn  ^}  co  f  bt  bo  >->■  *-  -I  o  bo  -}  ^  in  co  to  en  o  bn  o  on  co  4>.  bo  to  en 


Hn 


co  co  oo  oo  co  cc  co  :c  cc  o:  cc  cc  cc  cc  co  cc  cc  ic  it  cc  oc  cc  cc  cc  ;:  ic  co  co  co  to 

X  -i  *T  »1  -t  CC  CC  CC  0»  On  O'  On  4-  *-  4-  CO  CO  CO  10  tO  tClCM--OCCOCO 

o 'x  bn  bo  o -^  bn  to  co  oc  bo  o -J  *-  o'-J  4^  toco  en  boo  -J  4-  i-i'-j  on  to  o'-J 


Center. 


1 0  1 0  1 0  . 0  .  0  ._c 


'OOOOOOOC'OOO  CO  CO  CO 


on  4-  co  to  -j  cc  co  x  -i  cc  en  4-  co  to  -•  cc  co  x  -i  cc  on  4-  oo  to  — ■  co  co  oo  -<!  en 


—  ^-  » j J J 4-  ::  co  o:  CO  oc  oc  cc  cc  oc  l'l  co  cc  ;c  cc  CO  10 

cocox^ccnc?eccn4e*cocoto--oocDXOO-lcncncn4>.^cotot04Ji-iocD 
co  4-"  oo  cc  x  "-"  co  c.  x  —  4-  -  j  cc  i  o  en  x  >—  4-  cc  cc  ■  oc  -  s  —  co  - 1  — '  en  o  4-  co 
en  -3  en  to  cc  4-  x  o:  ce  x  O'  to  co  cc  x  cc  x  on  cc  co  -}  err  o  on  <j  co  to  en  co  co 

4-  4-  to  -  >  'on  ^'x'xcnxocc  CO  to  X  4-  OO  CC  00  CC  10  Cc  CO  CC  CO  co  'or  O  CO 


-j  -)  -j  ->  -I  -j  -1  -}  ->  ec  cc  cc  cc  cc  cc  cc  re  c  O'  o-  o>  c  on  c  o>  c  4_  4-  4c  4c 

CO  X  -1  CC  4-  00  tO  —  CO  CO  -!  CC  O'  4-  CO  iO  ~   CO  X  -!  Cc  4-  00  tO  >-"  O  00  -J  CC  *» 

4-  co '— i  be  x  -ibi-bbb  -jcj>  4-  to  ~  x  en  on  cc^  co -7 '*- to  o  x  bn_to 'oc_ 


End. 


2  o  O  O  O  CC  C  CO  CO  CO  CO  cc  •  -  CO  CO  CC  CO  CO  CO  CO  CC  X  X  X  X  X  X  X  00  00 
3-  co  to  ^  —  o  co  co  x  - 1  cc  cc  oi  4-  oo  co  to  ^  cc  cc  co  x  x  -?  cc  on  en  a>.  co 

-3  o  to  bn  bo  h- b* -i  o  be  bn  bo  o  co  cc  co  to  4 — i  co  co  on  x  ^  co  cc  X'  o  to  co 


J4P't. 


4i4>4>4>4-444>4i4>44.4C-4-4-.4-4-4-4-*.4-4-4-*;4o.COC0COC0COCOCe 
S  On  On  On  4-  4-  4-  'CO  CO  CO  CO  10  tO  10  iO  i-i  4-1  >-"  "  O  CO  O  O  CO  CO'  CO  CO  00  OO  00 

'co  '-*  co  cc  *-t  'en  to  'co  --J  4-.  4^  x  ccn  to  o  oc  ccn  co  4-1  co  en  4-  4-1  co  en  44. 4-1  oo  en  co 


Center. 


O  ui 


■0T-S 


Moment. 


DISCUSSION    ON    WHEEL-CONCENTRATIONS. 


731 


4X  4S-  CO  05. CC  CO  tO  JO  tO  JO .JO.?-1  ^^J~^\ 

CO  X  CO  00  -?  ©  CO  00  *?  ©  Ot  CO  00  -I  OS  On 

©^X^l©4^©CnCn4^CO4^COC0tOJO 

•^^*)CO'-io»oo-xiOiCi-lo©'-;aM; 
cc  c  >  c  /  —  c  r.  r.  r.  c  -'  -•  — i  - •  x x 

X  4-  4-  -i  -I  ©  JO  ©  CC  4-  4-  JO  CO  CO  CO  ©> 

to  c  co  ©'— -  o<  4-  cc  ©  ->  4-  ©  on  ~i  cc  to 

©XtOX©Cn— JCtlCn^OS^COCOtOtO 
©©Cn©©OCnenCnCn44.44.©4i».C04-* 

^CJi-"i-'C^  co  •"  - i  zc  o<  en  4-  _. 

-!  C  O  C  -f  -!  W  O  -  ^  *l  Oi  ^  W  JC"  O 

'mqcq'ct*-}'o>-'w^moiiok^.-q^ 

•"*Ow'QO-'*CJlOO'<!054^-C04V4^-CCCOtO 

CJ»  4^  CO  '?  tO  CJI  t-L  i-i  O  CO  00  00  tO  -^  JO  © 

-}  4-  X  ©  ©  CC  -?  i-'  to  ©  —  «e  ©  r.  cc  <o 

oo  m  "-».  en  JO  <?:■  CO  tO  4-  ©  CO  CO  X  "-1  ©  JO 
tOCJt'-^4>'gDUTO5COC0COOS00'-LC0O04^ 

tO©h-.©-3©X~3©Cn4^Cn4^4^COtO 

X.  CO'  ©  x  ©  c;  ©  —  :~  z  c  <  cc  ©  x  -j  4- 

-}  to  CO  "-1  —  ©  en  JO  -J  4-  h-  CO  CO  o  to  id 

— i  b»  -  i  'cc  '— '  cc  x  cc  ©  - »  —  ©  ~  —  cc  x 

M^WOXOiOX»lCH*»CnOti^COCO 

m  O  M  CO  *»  Oi  Oi  W  O  T.  Oi  C:  C  4*  -j  o 
4-  CO  4-  X  X  CO  X  4-  ~l  i-1  •—  c  4-  ~  ©.  X 

4-  cr.  en  en  ->  to  x  -4-  co  en  »xc«ok 

CO  b»  -I  *>>  CQCl'^OOt'cOOQO^MJOW 
On  00  JO  JO  >-»  O  CO  ©  ©  >0  X  ©  4-*  -3  ©  CO 

~  o<  <o  ~  c-'W'c:  ;c-r-!v4-4-ic 

ht-.C.t-'Xa'05Cia'W*'44*)CDXOO 

to  br  -3  br  to  en  *£*■  *o  ex  -3  4^-  O  Or  -3  03  JO 

CntO*-tO©--ii->.|tOX©Cn©CnCnrf4.C0 

oi-jJOOGccn'-iOi<-icsiocTtaoocoa' 
mcc  en  en  -c  -  c  x  x  i-  w'  co  ©  4-  © 
hoi-hioS  jo  4*  -t  to  i-n-n-i  oo as. on 

a'o'-3  b'cob  jab  ^co'ostQK^.xc 

OiWOitOOX^OX-JOt^OiU»*>.0: 
©CntO©Cn>-'.©C0»Ii-'-©©tO4^©X 

©  -i  en  co  ©  co  — '  ©  x  ©  —  —  4-  on  en  — 
oo  jo  ~»  w  cc  a :  ©  ©  co  -  >  co  x  zn  aa  to  ©> 

too  CO  44*  4*  OTT  ^  ©■  cr.  ^c.xc^^to 
-}  4-  ©  CO  i-1  X  JO  ^  to  -?  OH  -*l  ©  CT»  4^  rf> 

00  44.  CO  X  JO  ©  -5  O  00  O0  CO  Ql  OS  00  CO  Q 
©  —  »o  to  ©  ©  4-  x  ©  ©  ©  —  -f  JO  ©  -? 

-.}  O  CJ»  X  CC  ©  0»  CO  CO  CC  CO  ©  >-<■  X  ©  CO 

'^  *o  'co  en  co  *o  4>  o  ©■  ~3  44-  a?  i-1  -$  oo  oo 

QCW*l**JOOCOMOXOi"l-iaOi^ 

gco4--<jojoaiaoo»-icotoi-ijotoco 
■—  —  4-  CO  C '  ©  i  0  -1  - »  x  ©  ©  ©    /   CO 
tOX»>CnOJOJ04-*ICO->05tOtOtO'Kj 

_  to  en  CO  4*.  to  en  ©  ©  to  -?_©  ©  en  CO  CO  oo 

£0  |-L  t-L  t-L  h-L  )_L  *-   1-* 

001XW»^4*»OXOX-?OlOl*>. 
»-'0©cn©-JX4-.en©-?-?cnen©©© 
co  to  co  ^  x  co  x  x  ©  c  /.  c  r.  c  .:  c 

w^MH-}~M^4*+.mo:ooox 

_CX  bi_CO  CC ■  CO  br  4-.  CO  CO  CO  4^  X  *-*•>-*  tQ  tO 
tO  M  M  l-t  l-i  M  M .  t-1  (-1. 

"-1  -J  X>  OS  CO  ©  CJ»  CO  ^  o  -■>  to  x  --?  en  4-- 

cocociC5en4^cococotoi-i©©©tox 
cr.  ©  X  4-  ->  CO  to  -?  CC  4-  X  co  to  c  o*  -cc 
coto^-XJOtococT:— -enx— 'CO^co© 

CO  ©  '-^  *CJI  '*»  '©  X  CO  4*  -  j  cs  to  ©  CO  CO  o 

tO'-'tOl-lN- L^hlhlM 

toxc-j^^ctj^totc-icox-^oi-en 

a5coxo5co©coi-'o-jenc7i^4^.coi-- 
to  "  cr.  4-  -i  co  co  x  — i  to  ©  ~.  to  ^  ^-  x 
co~-}en©'-ioi'-tc:Jo-JC5©xcotoi-t 

to*o<?  *u.  co  b»  bo  co  jo  -?  ©  co  ^  4^-  ^  to 

co  ©  to  x  en  ^  »j  en  to  ©  x  ©  x  ~i  ot)  en 

©CO©asi-lOiJO©«<{CO©i-ttOXC54^ 

to  en  -*  en  x  en  ©  *~*  — '  x  ©  to  ©  i-  *■?  -i 

©©co— ■co©>-i44.c;ii— ■©e-'iK-icoosx 

K  *Q  '<i  O  "cQ  *Q  *QS  CO  rf»>  *"■!  4^  C5  —  '*a  X  OO 

"tO  WMmmm>.-w'm"m     "    — 

en©co©©toxenco©x©©x-^ejT 

tO  4^.  CO  ©  ©  tO  tO  X  4^  CO  4^  *J  **■  tO  ©  -3 
Oi  tO  ©  X  —  "I  X  X  4-  x  ->  ©  ©  X  4-  X 

»?  co  en  ©  ©  i  0  e>'  ©  X  I—  to  —•■  ©  4-  ©  to 
to  "©  -i  "44.  <-*  "en  ©  co  co  -}  "44.  ©  "en  "co_co  x 

10  tO  tO  tO  "-J  ^  i-t  —1  M.1-1    h*  ^ 

CIhi^OCMOCI^^XmoX^C: 

oaoicTf*igococo-iioosco>o©«^4i.c 
co  to  ©  cc  c  —  —  cr.  r  c;  c '  ©  .  c  co  cc  © 

4-^©©en©©coXpi-xco'-'©en©co 

*h-i  "on  »>  '44.  44.  "en  00  co  ©  co  ©  x  m  *—'  to  to 


©--£ 


Mr.  Selby. 


H3 

= 
o 
d 

03 

o 


732 


DISCUSSION"   ON   WHEEL-CONCENTRATIONS. 


[Papers. 


-/.  ->->  cc  ot  --'■-•:•  -• coco  coco  Kiiia».»io«^«^« 

._-   -  /  z  r  -'  c  i .  - 1  r.  ca-i  -"■  '- '  -   ■■■'".-'-/."'  ~  ?' .-  /- ." ' .~  r' 


—  >_l  —  —  f^  —  —  —  — 

—  cc  —  en  cc  tc  a  c;  j.  i;  w  c  'C  w  ;i  w  i-1  x  ~  c  i  i!  w  c 
ee  5<  *»■*§  -5  en  as  SsSs  a»5i  w  to  I"  »Sa>  iff  ©>■»•.-*  p»oo  co  m  —  x  4-  to 

t-«  i&.  ©  co  "to  —  —  "to  ci  -J  be  be  -j  '—  oo  en  "©  en  "ao  o  bs  o  os  ao  05 1-1  o  to  en  co 

—  —  hJKU  M-MKM 

—  eo  —  en  ee  to  x  cs  44  to  to  =  ; '  -.'  J."  C-  re  co  :-5  5  ~1  ¥ .5?  ft  £ 
co  c:  *.  cc  x  ^t  x  x  -  *t  ■-  r.  «  r.  c  ;<  j:  x  cct;  ~  to  x  t^  -■  —  x  **  co  4- 

iu  to  co  '-3  ->  c  i '—  i-  "cc '—  "cc  to  '*.  to  to  en  —  ©  co  to  to  in  cc  oo  —  to  ■-'  *-  ►-*  ce 

—  —  —   —  4-1  }£,   —   —   —   — 

>— i  co  —  cc  co  to  co  Ci  «£*  to  w  o  x  ^  ^  -(  ^  ii  -  *  -  c  -)  f  ^ 
co  Ci  **■  en  cc  en  —  cc  to  -J  co  —  cc  -i  to  o  cc  —  o»  co  to  x  to  c  x  co  en  —  *n  o 
l^^l^*HJenbc^b;x'^eoock)toos>4i.toco-QCOrf^o^c7s?cco4-.oGoto 

UM  "—mm      to  to  —  —  — 

—  ceto      cs^-to      co  -q  4-  to —  co  —  go  en  co  -i  c<  to  cc  -?  to  o-^  en  to 

^s*o:o*i:^^-j*iiXX-^ei*x^x^"(0^-}W^^« 

ceoncccito*  —  ci~}enxccxcnoototo©cocooscorf4-cecooi~J4^.coco 

,_»  mk  ukmu        tote  — — — 

—  co  to      ct  44  to      o  <*  en  to  —  4*  —  x  cc  cc  x  ci  cc  c  -?  cc  —  ao  en  to 

4t*  x  on  x  co  cc  ot  cc  4-  x  —  oi  o  x  co  cc  4*  -j  o  en  4-  x  —  4tc  4-  en  o  co  ©  ao 

CO**-.  tO  —  X  44-  tO  CO  tO**-1  4*  Ci'-}  00  CO  O  —  OO  -i  4^-00  CiOU  '-'QOOIC '*•?<*  4t». 

—  —  —  Mi-HU  tOtO  —  —  — 

—  COtO        Oi4^tO        0-JC]fMM*.-^r.  K-C  "«C-f+"^XOiCO 

4-  x  c  cc  —  cc  x  en  ci  x  co  x  iccc-^  x  CiC~-ccc;^*iW»iCK»w 
en  '-J  en  '-}  "en  ao  en  '—  ©  '44.  cc  '44.  ci  -}  ~t  be  '©  cc  to  4^  o  to  to  ©  co  co  to  cc  o  x 

4»  4>^  —  —  —  —  BK)M"m 

—  44.  to  ~3  *x  to  c  x  oi  cc  -  *.  »  ;  c.  a  c  -.  4-  ^  x  en  »o  o  a  co 
x  co  x  to-.  —  —  -i -i  oo  co  —  be en  '—  co  x  co'tooncocc'-j  io  —  coco  — 'to"" 

—  —  —  fcc  —  —  —         tOiOtO  — — 

—  4-  to      -1  4*  to      —  x  -.->  cc  — i  en  to  cc  cc  o-.  c-ii^iicoe-K- 

en  s  c:  to  to  -!  cc  x  —  -c  c;  cc  — .  ■—  —  co  c  c;  »!  x  cc  4-  en  4-  to  o  "  to  to  "-i 

>-  is '—  ci  ^  co  4-  *.  '*.  'm  -j  "-j  ba  co  en  ic  bi  ';o  4^  Ci  bs  "-J  to  x  \o  o  be  to  co  co 


-■7  en  to      —  j  en  cc  ^  e~i  to  ■•  ~  cc  c  x ^  x  c:  cc  cc  -i  4- 


tO'-^>-'        tOtOt0>-'i-' 

— ;cx4 — 'Xc.ao«ifc 
>  Ci  4v  co  -1  en  o  -i  to  4-  c:  x  to  •—  x  tc  to  to  tc  tc  cc ■  tc  x  c>  -!  x  x  -}  en 

coco  eo  —  'cc  c.  x  —  cc  4.  s  "ce  "en  obo'fc  cobobi  '-j'to'o  ci'4-'-i'to 'co  to'*i.cn 


-!  en  to       — »  X  ~  cc  —  ~  CC  CC  ->  4-  - 


JO  —  -i^      to  to  to  —  i— 

'  X   Cr  tO  X  -■  *-•-»  X  *- 

C  —  Ci  Ci  CC  -?  X i  to  *i  x  cc  to  to  co  to  to  —  —  ~  Ci  4~  >--  X  c  en  4-  to  to 

en  o  en  4*  to  to  —  oo  ~i  c;  ee  x  co  x  —  o  "to  Ci  ~i  o  —  'co  o  to  *en  '-<i  to '—  '4^  bt 


x  ci  to  —  tc  to  ct  z^:  —  ~  c;  -  -f-.cc  c -  ^  e  -^  x  vt  to  x  ci 


.c .c  .c 

:  x  ci  to  c~  ~ 

•  C.  C.  4-  X  C  C0  X  C  CC  —  iC  CC  iC  -!  ~.  Ci  Ci  <C  tC  O  X  CI  4-i  co  to  o  ■ 
- '  C '  X  -?  Ci  —  CO  Cn  01  CC  Ct  CO  tO  tO  Cn  Ot  Ot  Of  tO  tO  iC  CI  CO  CO  tO  OS  O  O  C 


>— *  —  -^  —  1 1  —  —  —        .  •  ;  t.  ,  • 

'O       *;.  to       X  oho  —  to  to  Ot  CO  —  -!  4-  ~  -i  4-  ie  tc  ~.  tc  -o  tc  ci  to  to  Ci 
ci  to  ->  X  Oi  x  to  cn  to  cc  cc  eo  ■*-  4-  to  to  CC  X  Ct  CO  X  Ci  to  X  CC  —  X  CI  to  -> 

o  too  to  to  44  en— ■  to  eo  x  x  —  to  x  to  co  to  cc  4-  m'-ic-ixxxxm-) 


^^  M4M  to  tO  —  —  tOtOIO  —  44 

_  •  c      —  tc       x  ci  eo  —  to  to  o:  cc  —  -j  4-  —  -I  —  ec  -  c  cc  tc  -o  .-.  cc  to  ot 

~  •  C  -  ■  to  C" :  _X  —  —    CC   CC  -  r  Ot  ji  O.  CC  —  4-  —  X  4-  4-  CC  Ot  tC  O.  CO  Cn  —  -!  — 
tc  X  CC  ~  CC  -t  -t  -»  CC  Ci  cc  to  CO  —  —  x  — .  — .  CC  '-J  4- X  X '— CO *— Ci '-} 'co 'to 


4^  »— 1  4-.  4-1  tO  tO  —  v—  CO  to  itj  1  tj  I t 

_  '.c      g  10       r  ■-• ;_:  —  cc  -o  o.  cc  —  x  4 — .  x  4 cc  -  ■  cc  -o  cc  -j  cc  cc  ot 

OC  CO  -1  —  05  X  O.  X  CC  CC  CC  X  -1  -1  CO  —  -J  4-  CO  CI  CC  CI  —  Ci  x  —  toi  Cj  to  Ci 

—  —  ci  cc  o.  co  to  co  x  x  — -!  cc—  '*ti'*cxbc'o'o'co'4^'to'o'*-'x'xen'-jcoo 


^^44  —    — .    — .  tOtC  — '' — '"COftlCiC  > 

to      entotxeneo— cccccc  co  —  xci  —  X4-J '-jcccc-cti-o-} 

ct  —  - 1 1  c  -  >  -o  co  to  —  —  co  —  o  x  co  —  —  c;  tc  ->  Ci  —  en  00  —  4-  co  co  4j  o 
Ci  —  -1  44.  4-  —  —  X  CO  —  Co  to  coco  -1 'cc  "on'x  o  'co -: 


1  ^t  to  x  44.  ^j  ce  — 


00  ~*  to  -j  —  4-.  to  ee  oo  co  4*  44.  c  4-  to  01  —  -  >  —  ct  4.  to  to  to  be  *ct  "co  be  cc '— 


^ 

w 

c 

- 

> 

►r) 

- 

Ui 

H 
>7i 

CC 

O 

h-l 

« 

H 

-- 

O 

w 

0 

Oi 

ci 

r/j 

OS 

hi 

a 

> 

0 

> 

H 

3 

0 

M 
O 

^ 

H 

hrl 

O 

c 

SI 

<i 

« 

r 

0 

an 

O 

£^s      "° 


&i 


&- 


Papers.]  DISCUSSION    ONT    WIIEEL-CONCENTKATIONS. 


T33 


■z  X 


iok 


co  i:  i:  c: 

dx-i  - 


~3~3  0CCO 


sc  to  -.e  00 
eo  io  "o  -4 


.10  tO  tO  tO  tO 

tc    t«lS  On 


4-  CO  CO  00  CO 
OS  5D  >-»  -1  '*• 


*-COCO  CO  CC 


4-  CO  CO  CO  CO 


•U  CO  CO  coco 
O  EC  OO  -.J  OE 


—  CO  CO  CO  CO 

O  O  00  -3  -3 

o  en  bo  o  Vo 


03(DXK 

Vj  "*.  U  bo  to 


tsj|s 


CO  CD  00  tD  00  -J  OS  t^  X  -5  C.  CJ»  CO  OC  -J  OS  ci*  X  X  ->  OS  Or  CO  00  -I  OS  CH 

* 

s 

OOlK  C.  OC  CO  O  *-  -1  '^W  *.  O  C.  O  ^  »I  w  to  -^  W  Ot  X  Ol  *»m  Q 

e 

p 

3 

ir1 

(B 

3 

o» 

ef- 
ts' 
QQ 

cocDOiK)rf^OTi«rf^oiOiioooc'JOrf*o;cnto*iOti)OTcnoouico^? 

^imWwm         CO  00  13  "-1         4^COCOIO'-^>i-»U^COW**rf»>*'*»-CO 

O  »}  -  X  T  W  O  C:  O  "-1  C  **  i-1  X  «  **  C:  OT  «  O  Ut  -J  C  ~J  OS  00  CO 

iv 

xxx^*ocooo4*osrcooxcc>^osxos4*4-cnxo--*oc7tco 

oo  a  c  c  c  tc  o  ->  ii  cc  w  ^  (w  x  a-  r.  cji  -i  cc  ►--  c.  ■— ■  co  x  os  **  ►-»■ 

*CO  Oi  '**  O  W  ©  X  M  fc£>  *».  en  0TOC0M-t|i.Q0-*-QO000l0f05C»0S*k 

10        COM>i-il     CO  CO  tO  i-1         *.0O0Oi-Oi-l*^*-.^.COCO*-^^^rf^ 

-j  o  x  c  i ;  o  o  *h:  <t*  ^  i-  -  x  iu  -i  w  oi  ^-  ^  *}  m  o  x  c:  «^  w 

(3 

CilO-I»Ji-lOfrwC.-^*'OTO»Ol".**WXi-*CiCmMM^(00 

o  c  oo  c  wr  ^-  c: »  w  ic  -  -  x  -  x  ^  ^i  cc  i-  x  ic  x  *!  c.  *-  i: 

IV 

OiOC005WOOOi^Qocccnwa)*»ox^-}cnt«ai^ci'M^(^ 

(0       cots        1    : :  : :  ■  c  —       -;.:;«:- :■:  u 

*  -  •  ■  C  00  CO  JO  0'  — ' ■  Or  CC  O  ©  X  -4-  X   ~  4-  CC  ©  --i  iO  X  -J  OS  4-  iC 

w 

tOMOiWWXWCTJX-JiiOatCiOlWilU'CCCD-.iOtCMXOJ 

to  to  ►-  "  —  w  co-  -.o  x  x  -3  -3  c-.  o:  V  Ci  J-  J-  CO  CO  jo  to  "  -; 

On  O  On  O  C  CC1C  en  CCIC  c  cc  en  cc  en  —  en  CC  On  —  en  o 


O5C0C0C0)CtC!CiC>CiC.CiCiC«C)CiCiC(CiCiCiCJC"-'" 

*•  co  jo  —  to  3:  cc  cc  x  x  -3  -3  -  :•  c-.  r.  ~  —  -•  4-  —  co  —  cc  to 

-.£  X  -3  CC  X  X  X  -J  CO  O  -3  On  tO  OS  tO  -*  tO  OS  X  -3  X  CO  CO  CI 


i  en  cn  en  en  on  4-  4-  4-  4-  J-  4-  co  co  co  c:  co  o:  co  co  co  co  to  tc 

■  CO  iC  to  M  CC  X  -)  Ci  4-  JO  CC  X  ->  -J  -3  Or.  53  4-  CO  —  O  On  O 


10  ti  tO  tO  JO  JO  to  JC  10  (0  JO  to 
CO  2   X  X  X  X  X  X  X  -3  -3  OS 

'oi'o«!Ci^'x bi*. " m  " *'k  xce  x '»  b -3*  is  o ► 


o  to  to  to  to  to  to  to  to  ""►;  •— 

S  Ol  Ol  Ol  4-  4-  *-  ti  C  C  X  *  CI 


m  O 
£  3 


o  H 

H  O 

Z  hrj 
H 

>  H 

2  x 


Y. 

Y- 

w 

CC 

- 

o 

w 

> 

M 

> 

40 

~* 

o 

tq 

o 

^ 

M 

w 

W 

o 

60 

W 

tq 

3 

m 

w 

o 

tc 

" 

o 

r 

- 

o 

z 

N 

H 

O 

S 

h-i 

H 

O 

O 

~ 

z 

s 

t-1 
a 

O 

rr 


734  DISCUSSION    ON   WHEEL-CONCENTRATIONS.  [Papers. 

Henry  S.  Pbichabd,  M.  Am.  Soe.  C.  E.  (by  letter).— If  the  term 
Railroad  Bridge  is  understood  to  include  the  track,  then  the  loads  to 
which  railroad  bridges  are  subjected  are  concentrated  wheel-loads. 
Those  loads  are  somewhat  distributed  over  the  remainder  of  the 
structure  by  the  track,  which  slightly  lessens  the  stresses  in  the  con- 
nections of  stringers  to  floor  beams  and  reduces  very  considerably 
the  pressures  on  ties  and  on  local  points  in  the  flanges  of  stringers, 
but,  except  in  these  regards,  the  stresses  produced  are  the  same  as  if 
the  loads  were  concentrated  directly  on  the  flanges  of  the  stringers. 

The  most  accurate  method  of  specifying  the  loading  to  which  a 
bridge  is  subjected  is,  of  course,  that  of  specifying  the  actual  loads. 
For  present  conditions,  the  critical  loadings  are  approximately  know- 
able,  therefore,  for  present  conditions,  the  most  accurate  method  of 
specifying  the  loading  is  to  specify  wheel  concentrations.  If,  in  a 
bridge  designed  for  present  conditions,  the  loads  increase,  but  still 
maintain  the  same  relations  between  the  various  wheel  concentrations 
of  both  the  engines  and  the  cars,  then  the  live-load  stresses  will  be 
increased  in  the  same  proportion,  and  if  the  bridge  was  originally 
well  designed  for  the  original  wheel  concentrations,  the  distribution 
of  the  material  will  remain  the  most  economical  for  the  increased 
loading.  Even  if  the  relations  between  the  wheel  concentrations 
should  vary  greatly  in  the  future,  in  a  manner  not  intentionally  pro- 
vided for,  there  is  no  reason  to  suppose  that  any  method  other  than 
that  of  specifying  wheel  concentrations  would  be  more  accurate  as 
regards  these  future  conditions,  except  by  mere  chance.  From  the 
foregoing  facts,  it  is  evident  that,  as  far  as  accuracy  is  concerned, 
there  is  no  reason  why  wheel  concentrations  should  not  continue  to 
be  specified. 

In  the  discussion*  Mr.  Scofield  and  Mr.  Snow  have  pointed  out, 
what  few  if  any  will  deny,  that  to  those,  including  many  bridge 
buyers,  who  are  not  expert  in  bridge  design,  a  definite  engine-loading 
is  more  intelligible  than  methods  of  supposed  equivalents. 

In  fact,  the  method  of  specifying  wheel  concentrations  is  the  only 
one  which  those  who  are  not  experts  can  use  understandingly  to  give 
a  close  equivalent  for  the  traffic  conditions  they  anticipate,  unless  they 
obtain  the  assistance  of  an  expert.  Even  for  experts,  the  easiest 
method  of  specifying  loads  which  satisfy  their  ideas  regarding  the 
traffic  conditions,  is  to  specify  the  engine  wheel-concentrations. 

This  is  shown  by  the  fact,  well  illustrated  in  the  discussion,  that 
nearly  all  who  have  proposed  methods  other  than  by  wheel-concen- 
trations, have  arrived  at  the  loads  they  specify  by  first  deciding  on 
certain  engine  wheel-concentrations  and  then,  with  more  or  less  labor 
(generally  considerable),  determining  on  supposedly  close  equivalents. 

From  what  has  been  stated,  it  follows  that,  as  far  as  facility  in 
*Published  in  the  Proceedings  for  August,  1899. 
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writing  specifications  is  concerned,  there  is  no  reason  why  the  method  Mr.  Prichard. 
of  specifying  wheel  concentrations  should  not  be  continued. 

The  quest  ions  of  accuracy  and  facility  of  specifying  the  loads  being 
decided  in  favor  of  the  method  of  engine  wheel-concentrations,  the 
question  of  the  wisdom  of  abandoning  its  use  depends  on  the  value  of 
the  advantage  as  to  accuracy,  compared  with  the  increased  cost,  if 
any,  by  which  this  advantage  is  obtained.  To  those  who  are  not 
familiar  with  the  short  ways  which  have  been  devised  for  determining 
the  stresses  from  wheel  concentrations,  or  who,  from  lack  of  practice, 
cannot  use  them  with  facility,  the  cost  of  making  the  calculations 
probably  seems  much  greater  than  it  really  need  be.  For  stringers, 
floor  beams,  hangers,  plate-girders  and  single-intersection  trusses, 
resting  on  two  supports,  the  calculation  of  the  stresses  from  concen- 
trated wheel-loads  by  proficient  specialists  is  a  very  simple  matter;  in 
fact,  it  takes  less  time  than  by  using  some  of  the  other  systems  which 
have  been  proposed,  and  the  cost  is  insignificant,  as  compared  with 
the  total  cost  of  the  bridge.  Such  cases  include  the  great  majority  of 
railway  bridge  work,  and  for  them  there  would  seem  to  be  little 
advantage  in  substituting  for  this  method  an  approximately  equiva- 
lent one,  even  if  a  satisfactory  one  is  obtainable.  Be  this  as  it  may,  it 
is  certain  that  before  the  method  of  wheel-concentrations  can  be 
abandoned,  some  other  method  or  methods  must  be  selected  to  take 
its  place.  From  present  appearances  it  would  be  a  perfectly  safe 
proposition  for  the  advocates  of  this  method  to  agree  to  abandon  its 
use  when  its  opponents  unite  in  recommending  some  other  to  take  its 
place. 

For  the  trusses  of  long  spans  it  is  not  especially  difficult  to  obtain 
other  methods  wdiich  give  results  agreeing  closely  with  those  obtained 
from  any  system  of  wheel-concenti'ations  of  usual  type,  and  a  fair 
agreement  can  be  obtained  for  trusses  of  spans  of  moderate  length, 
but  for  short  spans  and  for  floor  systems  the  writer  knows  of  no  other 
method  which  gives  such  close  approximations  in  all  cases.  For 
multiple-intersection  trusses,  for  continuous  girders,  and  for  some 
other  special  cases  there  is  much  more  reason  for  adopting  some 
approximately  equivalent  method,  than  there  is  in  the  cases  previously 
discussed,  because,  for  such  cases,  the  use  of  the  method  of  wheel- 
loads  is  often  quite  complicated,  and  in  some  instances  it  is  extremely 
so.  For  such  cases,  even  when  wdieel-loads  are  specified,  approxi- 
mately equivalent  methods  are  frequently  allowed  and  used. 

There  is  one  phase  of  the  use  of  the  method  of  wheel-concen- 
trations which  requires  notice,  because  misapprehension  regarding  it 
has  resulted  in  throwing  not  a  little  discredit  upon  it.  The  fact 
referred  to  is,  that  this  method  has  a  superficial  appearance  of  much 
nearer  approach  to  accuracy  than  it  really  possesses,  owing  to  the 
uncertainty  as  to  future  traffic  conditions,  the  impossibility  of  making 
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Prichard.  accurate  allowance  for  the  dynamic  effect  of  the  load,  and  other  per- 
tinent considerations.  This  fact  has  made  the  method  of  wheel- 
concentrations  a  butt  for  ridicule.  In  as  far  as  this  ridicule  is  the 
means  of  disabusing  the  minds  of  those  who  would  otherwise  be 
deceived  by  the  seeming  accuracy  of  the  method  it  is  commendable, 
but  to  the  considerable  extent  by  which  it  discredits  the  real  advant- 
age as  to  the  accuracy  of  this  method,  as  compared  with  others,  it  is 
harmful.  The  thoughtful  advocates  of  the  use  of  the  method  of 
wheel-concentrations  advocate  its  use  in  spite  of,  and  not  in  conse- 
quence of,  its  seeming  accuracy,  because,  notwithstanding  the  fact 
that  it  is  really  far  from  accurate,  it  approaches  nearer  to  accuracy 
than  any  other  method.  If  those  who  believe  that  this  advantage  as 
to  accuracy  is  worth  what  it  costs  in  time  and  trouble  should  refrain 
from  using  this  method  simply  because  it  has  a  superficial  appearance 
of  accuracy  which  is  deceptive,  they  would  be  allowing  their  judgment 
to  be  influenced  by  purely  sentimental  considerations. 

While  the  fact  that  it  is  not  possible  to  obtain  the  stresses  from  the 
live  load  accurately  is  not  a  sufficient  warrant  for  abandoning  the  use 
of  the  method  of  wheel-concentrations,  it  affords  an  excellent  reason 
for  departing  from  the  exact  weights  and  spacings  of  the  wheel-con- 
centrations and  substituting  therefor  some  simplified  typical  engine. 
Mr.  Wing.  Chables  B.  Wing,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — With  our 
present  limited  knowledge  of  the  stresses  in  bridge  superstructures,  due 
to  rapidly  moving  train  loads,  any  refinement  of  calculation  of  stresses 
from  assumed  loads  is  not  justified,  if  the  cost  of  the  structure  is 
thereby  increased.  To  quote  an  axiom  familiar  to  bridge  engineers: 
"Stresses  should  not  be  figured  to  half  a  pound  when  you  guess  at 
the  load." 

In  discussing  the  advisability  of  discontinuing  the  use  of  the 
method  of  wheel  concentrations  in  determining  the  stresses  in  railway 
bridges,  certain  conditions  of  present  practice  should  be  considered 
carefully.  The  loading  now  in  common  use  is  that  of  wheel  concen- 
trations, and  there  seems  to  be  no  agreement  among  engineers  as  to 
the  best  substitute  for  this  loading. 

All  the  substitutes  generally  advocated  involve  the  use  of  wheel 
concentrations  in  their  computation.  If  the  method  of  wheel  concen- 
trations is  specified  by  purchasers,  competition  among  bridge  manu- 
facturers compels  the  use  of  the  actual  wheel  concentrations  specified 
in  computing  stresses.  Railway  bridge  engineers  are  in  the  habit  of 
testing  the  strength  of  their  existing  structures  by  actual  engines. 
They  have  moment  diagrams  calculated  for  the  various  types  of 
engines  in  use  on  their  system,  and,  naturally,  prefer  the  method  of 
wheel  concentrations  for  calculating  stresses.  Any  proposed  change 
in  the  present  method  of  specifying  the  load  must  meet  with  the  ap- 
proval of  railway  bridge  engineers  if  it  is  to  be  adopted  for  general  use. 
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The  principal    objection  urged  against  the  use  of  the  method  of  Mr.  Wing, 
wheel   concentrations   is   the   greater  labor   involved   in  calculating 
stresses  thereby. 

This  extra  labor  is  so  slight  that  its  cost  cannot  be  considered  a 
sufficient  reason  for  rejecting  the  method.  Few  engineers  connected 
with  bridge  shops  have  admitted  that  the  labor  is  great  when  a 
moment  diagram  has  once  been  computed.  Such  a  diagram  is  neces- 
sary for  computing  any  of  the  substitute  methods  suggested. 

The  writer,  therefore,  suggests,  as  a  solution  of  the  question  under 
discussion,  that  railway  engineers,  in  writing  specifications,  include 
a  moment  diagram  of  the  wheel  concentrations  as  a  part  of  the  speci" 
fication. 

This  will  reduce  materially  the  labor  of  the  estimating  department 
of  every  bridge  manufactory,  no  matter  what  system  of  loading  is 
finally  adopted  for  computing  stresses. 

Such  moment  diagrams  are  part  of  the  office  equipment  of  every 
railway  bridge  engineering  department,  and  including  them  in  a 
specification  involves  no  extra  labor  on  the  part  of  the  bridge 
purchaser. 
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MEMOIRS   OF   DECEASED   MEMBERS. 

Note.— Memoirs  will  hereafter  be  reproduced  in  the  Volumes  of  Transactions.  Any 
information  which  will  amplify  the  records  as  here  printed,  or  correct  any  errors,  should 
be  forwarded  to  the  Secretary  prior  to  the  final  publication. 


CHARLES  EDWARD  EMERY,  M.  Am.  Soc.  C.  E.4 


Died  June  1st,  1898. 


Charles  Edward  Emery  was  bora  at  Aurora,  N.  Y.,  March  29th, 
1838,  and  was  educated  at  the  Canandaigua  Academy.  His  first  work 
was  in  manufactories  and  in  the  drawing  offices  of  railroad  shops  in 
the  vicinity  of  his  home,  after  which  he  turned,  for  two  years,  to  the 
study  of  law,  with  the  intention  of  becoming  a  patent  attorney.  Upon 
the  outbreak  of  the  Civil  War,  Mr.  Emery  organized  a  company  of 
volunteers,  but  on  the  announcement  that  the  company  was  not  needed 
he  sought  admission  to  the  Navy.  He  was  appointed  Third  Assistant 
Engineer  in  the  Navy,  July  11th,  1801,  and  was  promoted  to  Second 
Assistant  Engineer,  December  18th,  1862.  Mr.  Emery's  service  in- 
cluded blockading  duty  with  the  Gulf  Squadron  and  various  engage- 
ments with  the  Confederate  fleet  below  New  Orleans,  battles  with 
forts  at  Pensacola,  Fla. ;  with  Forts  Jackson  and  St.  Philip,  the  cap- 
ture of  New  Orleans  and  fights  with  the  forts  at  Vicksburg  and  Port 
Hudson.  Following  his  promotion,  Mr.  Emery  was  transferred  to  the 
Nipsic,  the  first  of  anew  class  of  fast  gunboats,  stationed  in  Dahlgren's 
fleet,  off  Charleston,  S.  C.  Some  suggestions  made  by  him,  as  to  ex- 
perimental steam  apparatus,  led  to  his  selection,  by  the  Chief  Engi- 
neer of  the  Navy,  in  1864,  for  scientific  research  in  the  United  States 
Navy  Steam  Expansion  Experiments  at  New  York.  Mr.  Emery's 
labors  for  the  Government  did  not,  however,  cease  with  his  resigna- 
tion from  the  Navy  in  1868,  for  later  he  served  as  Constdting  Engineer 
and  Chairman  of  the  Board  of  Examiners  of  the  United  States  Revenue 
Marine  and  the  United  States  Coast  Survey,  and,  dating  from  April. 
1872,  as  a  member  of  the  special  commission  advisory  to  the  Secretary 
of  the  Treasury  in  reference  to  the  Revenue  Marine  service. 

Following  his  retirement  from  the  Navy,  Mr.  Emery  was  engaged, 
in  1869,  for  a  year  or  more,  in  making,  for  the  Novelty  Iron  Works  in 
New  York  City,  a  series  of  experiments  upon  stationary  engines  which 
it  was  proposed  to  manufacture.  The  records  of  these  researches 
were  published  subsequently  by  Professor  W.  P.  Trowbridge,  and 
entitled  "Condensing  and  Non-Condensing  Engines."     It  had  been 

*  Memoir  prepared  by  the  Secretary  from  papers  on  file,  and  from  various  sources. 
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arranged  that  Mr.  Emery  should  become  general  superintendent  of 
the  works,  but,  owing  to  a  change  of  plans,  the  establishment  was 
closed,  and  Mr.  Emery  entered  into  business  on  his  own  account,  as  a 
consulting  engineer. 

Mr.  Emery  served  as  General  Suj3erintendent  of  the  Fair  of  the 
American  Institute  in  New  York  City  in  the  autumn  of  1869,  and 
directed  the  scientific  work  of  that  institution  in  the  testing  of  engines 
and  boilers.  In  1876  he  was  appointed  a  member  of  the  international 
jury  at  the  Centennial  Exposition,  on  engines,  pumps  and  mechanical 
appliances,  and  was  associate  to  committees  on  other  scientific  ap- 
paratus. He  inaugurated  an  extensive  series  of  tests  of  engines 
and  boilers,  and  prepared  extended  reports  of  this  work,  which  were 
subsequently  published.  In  1893,  Mr.  Emery  was  appointed  one  of 
the  judges  of  the  World's  Columbian  Exposition,  on  dynamos  and 
motors.  He  served  in  1884  on  the  committee  appointed  by  the  Amer- 
ican Society  of  Mechanical  Engineers,  to  prepare  a  code  for  steam 
boiler  trials,  and,  in  1895,  was  made  chairman  of  a  committee  to  revise 
the  code  previously  reported.  He  was  engaged  in  the  final  revision  of 
this  committee's  report  at  the  time  of  his  death. 

Mr.  Emery's  advisory  services  for  the  National  Government  began 
in  1869,  with  his  appointment  as  Consulting  Engineer  to  the  Coast 
Survey  and  to  the  Revenue  Marine.  His  engagement  with  these 
branches  terminated  when  they  passed,  successively,  into  the  control 
of  the  Navy  Department,  in  1879  and  1891.  He  fitted  out  nearly  twenty 
of  the  revenue  cutters,  being  in  some  cases  responsible  for  the  con- 
struction of  the  hulls,  as  well  as  the  machinery.  His  experimental 
work  in  this  service,  in  the  construction  of  economical  engines  and  in 
the  scientific  determination  of  engine-efficiency,  attracted  much  atten- 
tion. In  1871,  he  was  able  to  place  three  different  types  of  machinery 
in  three  hulls  of  the  same  size:  first,  a  long- stroke,  high-pressure,  con- 
densing engine;  second,  a  short-stroke,  low-pressure,  condensing 
engine;  and  third,  a  fore-and-aft  compound  condensing  engine.  These 
vessels,  as  well  as  a  subsequent  one,  in  which  the  cylinder  of  a  high- 
pressure  condensing  engine  was  jacketed,  were  tested  by  a  joint  board 
of  engineers  from  the  Navy  and  Treasury  Departments,  and  the  pub- 
lished results  of  this  trial,  together  with  an  analysis  of  them  by  Mr. 
Emery,  were  widely  circulated  and  used.  Soon  after  this,  New  York 
University  conferred  upon  him  the  degree  of  Doctor  of  Philosophy. 

Possibly  the  most  notable  of  Mr.  Emery's  engagements  in  private 
practice  was  the  work  of  the  New  York  Steam  Company,  which  he 
took  up  in  1879.  This  involved  the  generation  of  steam  in  a  central 
plant  and  its  distribution  for  heating  and  power  purposes.  In  its 
construction,  the  plant  was  the  largest  of  the  kind  attempted,  and 
included  pioneer  work  in  many  details.  The  design  and  superintend- 
ence of  the  construction  of  this  plant  were  in  Mr.  Emery's  charge 


740  MEMOIR   OF   CHARLES   EDWARD   EMERY.  [Memoirs. 

until  1887,  and,  with  its  working,  were  described  in  a  paper  read 
before  the  Institution  of  Civil  Engineers,  in  1889.  For  that  contribu- 
tion, the  Institution  awarded  him  a  Watt  medal  and  a  Telford  pre- 
mium. 

Mr.  Emery's  practice  as  a  consulting  engineer  and  professional 
expert  was  extensive,  and  his  services  were  in  request  in  important 
legal  cases.  As  consulting  engineer  for  the  City  of  Fall  River,  Mass., 
he  was  instrumental  in  bringing  about  a  novel  compromise  of  the  diffi- 
culties between  the  city  and  the  mill  owners,  resulting  in  an  agree- 
ment whereby  water  was  to  be  thereafter  furnished  to  the  city  from 
the  Watuppa  ponds  in  consideration  of  the  abatement  of  taxes  on 
water  power.  He  was  a  member  of  the  commission  on  the  purchase 
of  the  Long  Island  Water  Supply  Company's  plant  by  the  City  of 
Brooklyn,  N.  Y. ;  was  engaged  in  the  matters  of  the  water  supplies  of 
the  cities  of  Newark,  N.  J.,  Lowell  and  Worcester,  Mass.;  the 
Holyoke,  Mass.,  water-power  tax  cases,  and  had  been  consulting 
engineer  for  the  Pneumatic  Dynamite  Gun  Company.  In  1887,  he 
served  as  a  member  of  the  Board  of  Experts  appointed  to  give  an 
opinion  as  to  the  best  method  of  increasing  the  number  and  size  of 
trains  on  the  New  York  and  Brooklyn  Bridge,  by  changes  in  the  New 
York  terminal,  and  at  the  time  of  his  death  he  represented  the  Central 
Railroad  of  New  Jersey  in  the  matter  of  the  Bound  Brook  floods. 

Mr.  Emery  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  May  6th,  1874.  He  contributed  extensively  to  scientific  litera- 
ture and  to  the  publications  of  the  engineering  societies  in  which  he 
held  membership.  The  papers  by  Mr.  Emery  published  in  the  Trans- 
actions of  this  Society  include:  "  Compound  and  Non-Compound  Steam 
Engines,  Steam  Jackets,  Etc.,"  December,  1874;  "Connected-Arc 
Marine  Boilers;  Principles  of  their  Construction,"  December,  1876; 
"Relative  Quantities  of  Material  in  Bridges,  of  Different  Kinds,  of 
Various  Heights,"  read  at  the  Ninth  Annual  Convention,  April  25th, 
1877;  "Steam  Engine  Economy,"  March,  1878;  "Flexure  and  Trans- 
verse Resistance  of  Beams,"  June,  1879;  "The  Cost  of  Steam  Power," 
June,  1883;  "The  Station  B  Chimney  of  the  New  York  Steam  Com- 
pany," April,  1885;  "A  Novel  Application  of  the  Polar  Planimeter," 
July,  1886;  "  Clamp  for  Pulling  Sheet  Piling,"  March,  1889;  "  Observa- 
tions on  the  Forth  Bridge,"  June,  1890,  and  "District  Steam  Systems," 
March,  1891.  Mr.  Emery  was  also  a  Member  of  the  Institution  of 
Civil  Engineers,  the  American  Society  of  Mechanical  Engineers,  the 
American  Institute  of  Electrical  Engineers,  the  American  Institute 
of  Mining  Engineers,  the  American  Association  for  the  Advance- 
ment of  Science  and  a  Fellow  of  the  Brooklyn  Institute  of  Arts  and 
Sciences. 
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SIR  CASIMIR  STANISLAUS  GZOWSKI,  M.  Am.  Soc.  C.  E.* 


Died  August  24th,  1898. 


Casimir  Stanislaus  Gzowski  was  born  at  St.  Petersburg,  Russia, 
March  5th,  1813.  He  was  the  son  of  Stanislaus,  Count  Gzowski,  who 
held  a  commission  in  the  Imperial  Guard,  and  was  descended  from  an 
old  Polish  family,  ennobled  in  the  sixteenth  century.  At  the  age  of 
9  years  the  son  was  placed  in  the  Military  Engineering  School  at 
Kremnitz,  and  in  1830  he  received  a  commission  in  the  engineering 
branch  of  the  Imperial  service.  He,  in  company  with  many  other 
officers  of  his  nationality,  was  active  in  the  Polish  insurrection  of 
1830-31,  in  consequence  of  which  he  was  exiled,  after  several  months 
spent  in  confinement  in  a  military  prison.  He  came  to  the  United 
States  and  landed  in  New  York  City  in  the  summer  of  1833,  a  stranger 
to  the  language  spoken,  without  friends  and  with  but  little  money. 

His  first  task  was  to  acquire  a  knowledge  of  English.  He  had  a 
command  of  Continental  languages,  and  while  pursuing  his  studies 
he  obtained  the  means  of  livelihood  by  teaching  French,  German  and 
Italian  and  by  giving  lessons  in  drawing  and  fencing.  Removing  to 
Pittsfield,  Mass.,  he  began  the  study  of  law  with  Mr.  Parker  Hall. 
He  was  admitted  to  citizenship  in  the  United  States  and  to  the  bar  in 
Pennsylvania  in  1837.  He  continued  the  practice  of  law  for  four  years 
and  then  went  to  Toronto,  with  a  view  of  securing  a  contract  in  con- 
nection with  the  widening  of  the  Welland  Canal. 

Here  he  met  some  of  the  leading  public  men  of  the  Dominion  at 
that  time,  and  Sir  Charles  Bagot,  then  at  the  head  of  the  Canadian 
Government,  formed  a  high  opinion  of  his  ability,  and  procured  for 
Mr.  Gzowski  an  appointment  in  the  Public  Works  Department.  This 
was  the  beginning  of  his  long  and  distinguished  career  in  the  Dominion 
of  Canada.  For  six  years  he  was  Superintending  Engineer  of  Roads 
and  Harbors  in  Western  Ontario,  and  for  three  years  engineer  of  the 
harbor  works  at  Montreal  and  consulting  engineer  of  the  ship  canal 
improvement  between  Montreal  and  Quebec.  He  became  naturalized 
as  a  British  subject,  and  in  1848  left  the  Department  of  Public  Works 
to  become  Chief  Engineer  on  the  construction  of  the  St.  Lawrence 
and  Atlantic  Railway,  now  a  part  of  the  Grand  Trunk  system.  He 
resigned  this  position  in  1852  to  enter  into  partnership  with  Sir 
Alexander  Gait,  Mr.  Luther  H.  Halton  and  the  Hon.  D.  L.  Macpher- 
son,  for  the  construction  of  the  Grand  Trunk  Railway  from  Toronto  to 
Sarnia,  from  Port  Huron  to  Detroit  and  from  London  to  St.  Mary's. 
In  1857  he  established  the  Toronto  Rolling  Mills  for  the  manufacture 

♦Prepared  by  the  Secretary  from  information  on  file  at  the  House  of  the  Society. 
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of  rails  and  other  railway  material.  In  1870  he  was  appointed  a 
member  of  a  commission  to  inquire  into  the  water  communications 
of  the  Dominion,  and  in  1871  the  firm  of  Gzowski  &  Macpherson 
constructed  the  International  Bridge  over  the  Niagara  River. 
While  in  charge  of  this  work,  Mr.  Gzowski  was  also  called  upon  to 
report  upon  the  enlargement  of  the  Welland  Canal  and  on  the  Baie 
Verte  canal  scheme.  He  was  consulted  frequently  by  the  Dominion 
Government  on  matters  relating  to  railways,  canals  and  harbors. 

Mr.  Gzowski  was  chairman  of  the  Niagara  Falls  Park  Commission, 
one  of  the  founders  of  the  Canadian  Society  of  Civil  Engineers  and  its 
President  for  three  consecutive  years.  He  was  deeply  interested  in 
military  matters  and  in  the  promotion  of  international  marksmanship 
contests.  He  rose  to  the  rank  of  Colonel  in  the  Canadian  militia,  and 
in  1879  was  made  an  honorary  aide-de-camp  to  the  Queen.  He  held 
office  in  1896,  as  Administrator  of  the  Government  of  Ontario.  In 
1890,  in  recognition  of  valuable  services  rendered  to  the  Dominion  of 
Canada,  he  was  created  a  Knight  Commander  of  the  Order  of  St. 
Michael  and  St.  George. 

Mr.  Gzowski  was  elected  a  member  of  the  American  Society  of 
Civil  Engineers,  December  2d,  1868,  and  served  as  one  of  its  Directors 
during  1894. 
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FRANCIS  RINECKER,  M.  Am.  Soc.  C.  E.* 


Died  April  10th,  1899. 


Francis  Rinecker,  of  Wurzburg,  Germany,  was  born  December  16tb, 
1843.  He  studied  mathematics  and  mechanical  engineering  under 
Professer  F.  Redtenbacher  at  the  Polytechnic  School  at  Carlsruhe, 
from  1858  to  1862,  and  civil  engineering  under  Professor  C.  Culmann. 
at  the  Polytechnic  School  at  Zurich,  from  1862  to  1864.  He  began 
practical  work  in  November,  1864,  as  assistant  engineer  of  the 
Bavarian  State  Railways,  C.  Hohenner,  chief  engineer.  He  was 
engaged  until  November,  1867,  in  laying  out  and  constructing  part  of 
the  Munich  and  Ingolstadt  Railway.  In  1868  Mr.  Rinecker  traveled 
in  Germany  and  France,  and,  coming  to  the  United  States,  worked  as 
an  architectural  draftsman  from  August  of  that  year  to  April,  1869,  in 
New  York  City,  where  he  served  with  Charles  Pfeifer,  General  Burger 
and  J,  Kellum.  Turning  to  railway  work  in  May,  1869,  he  was  engaged 
successively  as  draftsman,  assistant  engineer  and  principal  assistant 
of  the  construction  department  of  the  Pittsburg,  Fort  Wayne  and 
Chicago  Railway  Company,  and  subsequently  by  the  Pennsylvania 
Company,  until  June,  1873.  Mr.  Rinecker  surveyed  and  constructed 
for  the  company  first  named  the  Erie  and  Pittsburg  Railroad  and  the 
Ashtabula,  Youngstown  and  Pittsburg  Railroad,  and  conducted 
preliminary  surveys  for  the  Shenango  Valley  and  Alliance  Railroad, 
of  which  F.  Slataper,  M.  Am.  Soc.  C.  E.,  was  chief  engineer. 

Returning  to  Europe,  Mr.  Rinecker  served  for  two  and  a  half  years, 
from  January,  1874,  as  Division  Engineer  of  the  Swiss  Central  Railway 
Company,  for  surveys  and  construction  of  the  Liestal  and  Oensingen 
Railway  and  the  Liestal  and  Waldenburg  Railway  (R.  von  Wiirthenau, 
Chief  Engineer).  From  1876  to  1883  he  was  engaged  in  literary  pur- 
suits with  the  especial  view  of  introducing  the  rack  on  the  St. 
Gothard  and  other  mountain  railways.  He  established  in  August,  1883, 
the  firm  of  Rinecker,  Abt  &  Co.,  at  Wurzburg,  Germany,  for  the  Abt 
system  of  mountain  railways,  and  personally  superintended  the  con- 
struction of  the  Lehesten  &  Oertelsbruch  Railway  and  the  narrow- 
gauge  quarry  tracks  at  Oertelsbruch  and  their  extensions  on  the  Abt 
combination  system.  From  the  establishment  of  this  firm  until  his 
death,  Mr.  Rinecker  had  undertaken  the  construction  of  a  number  of 
Abt  rack  railways,  including  the  Harzbahn  in  Germany,  the  Usui  Toge 
Railway  in  Japan,  the  Transandine  Railway,  the  Nilgiri  Railway,  the 
Mount  Lyell  Railway  in  Tasmania,  the  Mount  Morgan  Railway  in 
Queensland  and  the  Snowdon  Railway. 

*  Memoir  prepared  from  data  furnished  by  Herr  E.  Wirsing,  Wurzburg,  Germany. 
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In  1891-92  Mr.  Rinecker  traveled  around  the  world,  remaining  in 
Cape  Colony,  New  Zealand,  Australia  and  Japan  for  several  months. 
In  these  countries  he  made  the  acquaintance  of  many  of  the  principal 
engineers,  and  studied  the  application  of  the  Abt  system  to  the  condi- 
tions presented  in  each  land.  After  his  return  he  lived  quietly  at 
Wurzburg,  and  died  from  influenza. 

Mr.  Rinecker  was  a  member  of  the  Institution  of  Civil  Engineers, 
and  was  elected  a  Member  of  the  American  Society  of  Civil  Engineers 
August  7th,  1872. 
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ROBERT  DELOS  ROWE,  M.  Am.  Soc.  C.  E.* 

Died  Makch  14th,  1899. 


Robert  Delos  Rowe  was  born  at  Sheridan,  111.,  August  21th,  1863,  and 
received  a  common-school  education,  with  an  advanced  course  in  the 
graded  school  of  that  place,  under  the  tutelage  of  Professor  F.  Y. 
Hamilton.  He  went  into  the  field  as  rodman  on  the  construction  of 
the  Atchison,  Topeka  and  Santa  Fe  Railroad  in  Kansas,  in  1878,  and 
served  as  inspector  of  bridging  in  New  Mexico  in  1879-80,  narrowly 
escaping  the  Indians  during  the  Victoria  troubles  of  1882.  Mr.  Rowe 
returned  to  school  in  1883-84,  and  after  taking  an  engineering  course 
at  Valparaiso,  Ind.,  under  Professor  Bogart,  was  advanced  as  Resident 
Engineer  of  the  New  Mexico  Division  of  the  Atchison,  Topeka  and 
Santa  Fe  Railroad,  which  position  he  held  until  1892.  Removing  then 
to  Chicago,  he  built  the  South  Chicago  City  Railway  and  operated  it 
for  about  two  years.  He  then  engaged  in  private  practice  in  the 
engineering  profession,  became  junior  member  of  the  firm  of  Rowe 
&  Rowe  of  Chicago,  planned  the  large  timber  preserving  works  at 
Somerville,  Tex.,  and  also  similar  works  for  the  Santa  Fe  Pacific  Rail- 
road at  Bellemont,  Ariz. 

Mr.  Rowe  married  in  1885  Miss  Allie  Kyger,  of  Mulberry,  Ind., 
who  died  one  year  later.  He  married  again  in  1897  Miss  Milla  Y. 
Campbell,  of  Chicago,  who  survives  him.  His  death  resulted  from  an 
attack  of  pneumonia.  Mr.  Rowe  was  a  man  of  high  acquirements  and 
sti'ict  integrity,  and  had  earned  the  confidence  of  his  superiors  and 
the  love  of  his  associates  and  employees. 

Mr.  Rowe  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  January  2d,  1890. 

*  Memoir  prepared  by  Samuel  M.  Rowe,  M.  Am.  Soc.  C.  E. 


746  MEMOIR   OF    WILLIAM    ULYSSES   SCOTT.  [Memoirs. 

WILLIAM  ULYSSES  SCOTT,  Assoc.  M.  Am.  Soc.  C.  E.* 


Died  September  26th,  1898. 


William  Ulysses  Scott  was  born  in  Hoboken,  N.  J.,  January  18th, 
1870.  From  his  schoolboy  days  he  showed  remarkable  mathematical 
abilities,  and  these  brought  him  into  prominence  in  his  studies  after 
his  removal  with  his  parents  to  Chicago,  111.,  which  occurred  when  he 
was  twelve  years  old. 

His  first  engagement  was  in  March,  1888,  with  the  Wheeling  and 
Lake  Erie  Railroad,  on  the  preliminary  survey  between  Bowerston 
and  Martins  Ferry,  Ohio.  He  spent  nearly  two  years  in  the  service  of 
this  road,  rising  to  the  position  of  assistant  in  the  Toledo  office, 
where  he  was  engaged  in  making  calculations  for  preliminary  and 
location  estimates.  In  the  winter  of  1889-90  he  was  employed  with 
John  Hanlon,  of  Canton,  Ohio,  on  the  preliminary  survey  for  the 
Toledo  and  Walhonding  Valley  Railroad,  and  on  the  survey  of  the 
canal  front  at  Massillon,  Ohio.  For  two  periods,  in  1890  and  1891,  he 
was  employed  as  Assistant  Engineer  on  the  maintenance  of  way  of  the 
Second  Division  of  the  Illinois  Central  Railroad,  and  for  three  months 
preceding  March,  1891,  he  was  transitman  on  the  location  survey  of 
the  Fort  Wayne,  Terre  Haute  and  Southwestern  Railway. 

In  March,  1892,  he  again  entered  the  employ  of  the  Hlinois  Central 
Radroad  Company  as  Assistant  Engineer  of  the  Louisiana  Division. 
He  had  charge  of  a  variety  of  engineering  work,  including  the  laying 
out  of  yards  and  company  property,  the  construction  of  the  Pacific 
Junction  incline,  the  Poydras  elevator,  survey  for  the  Stuyvesant 
dock  terminal,  and  round  houses  at  New  Orleans,  La.,  and  Canton, 
Miss. 

Mr.  Scott  had  edited  a  book  of  logarithms,  tables  and  short 
methods  of  computation,  and  was  the  author  of  numerous  tables  for 
frogs  and  switches,  which,  though  never  published,  have  been  found 
of  service  by  many  engineers.  He  was  also  expert  in  laying  out  and 
personally  supervising  intricate  track  work. 

He  was  modest  and  unassuming  in  manner,  highly  esteemed  by  the 
officials  of  the  companies  he  served,  and  popular  with  those  persons 
a\  ith  whom  his  work  brought  him  in  contact. 

Mr.  Scott  was  elected  an  Associate  Member  of  the  American  Society 
of  Civil  Engineers,  February  3d,  1897. 

*  Memoir  prepared  by  the  Secretary  from  papers  on  file,  and  from  information 
furnished  by  Hartwell  P.  Farrar,  B.  M.  Harrod  and  \Y.  W.  Hayden,  Members,  Am.  Soc. 
C.  E. 
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At  the  Annual  Meeting,  January  19th,  1898,  the 
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Two  thousand  copies  were  printed;  300  were  bound 
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There  are  a  few  copies  still  on  hand  of  the  first  lot 
bound  and  these  can  be  obtained  by  those  who  so  desire 
at  $10  per  copy. 

Orders  should  be  sent  to  the  Secretary. 


The  book  begins  with  a  brief  statement  of  the  first 
movement  to  form  a  National  Society  of  American  Engi- 
neers in  1839.  The  organization  of  the  American  Society 
of  Civil  Engineers  and  Architects  in  1852  is  then  described, 
a  list  of  its  promoters  and  charter  members  given,  and 
the  work  accomplished  in  its  first  two  years  of  life 
sketched.  The  reorganization  of  the  Association  in  1867 
and  the  important  events  in  its  career  from  that  date  to 
1873,  when  the  first  publication  was  issued,  are  then  given 
in  chronological  order.  Succeeding  chapters  are  under 
the  following  heads:  Locations  Occupied  by  the 
Society;  Library;  International  Exhibitions;  Publications; 
Badge;  Constitutional  Changes  and  Work  Accomplished. 
Under  the  head  of  "Comparative  Growth  of  National 
Engineering  Societies  "  short  sketches  of  the  Institution 
of  Civil  Engineers  and  the  Societe  des  Ingenieurs  Civils 
are  given.  The  illustrations  consist  of  35  half-tone 
portraits  of  past  officers  of  the  Society  and  one  diagram, 
all  handsomely  printed  on  heavy  paper. 


Rensselaer     *% 


%%, 


Polytechnic^ 


?%, 


\%oA  Institute, 
Troy,  N.Y. 


'% 


Local  examinations  provided  for.  Send  for  a  Catalogue 


Louisville  Cement. 


The  undersigned  is   General  Agent  for  the  following  Standard  Brands  of 
Louisville  Cement : 

FALLS  BULLS  (J.  Hulme  Brand), 

BLACK.  DIAMOND  MILLS  (River),  Diamond  Brand, 
SPEED  MILLS,  Star  Brand, 

FALLS  CITY  MILLS,  Anchor  Brand, 

BLACK!  DIAMOND  MILLS  (Railroad),  Diamond  Brand. 


This  Cement  has  been  in  general  use  throughout  the  West  and  South 
since  1830,  most  of  the  public  works  having  been  constructed  with  it.  Orders 
for  shipment  to  any  part  of  the  country,  by  rail  or  water,  will  receive  prompt 
and  careful  attention. 

Sales  for  1893,  3,145,568  Barrels. 

WESTERN     CEMENT     COMPANY, 

247  W.  Main  St.,  Louisville,  Ky. 


The  Weber  Railway  Joint  Mfg.  Co. 


empire    Building, 
71  Broadway,  New  York 

branches: 
Boston,  mason  bldg. 
Chicago,  old  colony  bldg. 
Baltimore,  equitable  bldg. 


J 


Manufacturers  of 


"T"  STEP  and  INSULATED 

OINTS. 


Ill 


Pacific  Flush  Tank  Co. 

84  LA  SALLE  STREET,  CHICAGO,  ILL., 

MANUFACTURERS    OF   THE 

flDttler   Slutomatfc   ffipbon, 

FOR  INTERMITTENT  FLUSH  TANKS. 


m 


Used  for  Flushing  Street-Sewers. 

NO  MOVING  PARTS.      NO  JOINTS.      NO  LITTLE  TRAPS. 
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Salt  Lake  City,  Utah,  December  14,  1897. 
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that  it  is  expensive,  and  owing  to  the  time  it  takes  to  get  over  the  system  the  laterals  are 
not  flushed  often  enough  to  keep  them  clean.  The  laterals  flushed  by  siphons  arc  in  much 
better  condition  than  those  flushed  with  the  hose.  The  Miller  Automatic  Siphons  that 
we  have  put  in  are  giving  entire  satisfaction,  and  in  my  opinion  they  are  the  most  efficient 
siphons  in  use.  (Signed)  F.  C.  KELSEY,  City  Engineer. 
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ALCATRAZ    ASPHALT 

Guaranteed  free  from  Coal  Tar  or  Petroleum  Residuum, 

^^^For  Reservoir  Linings 

and  Pipe  Coatings. 

%STfg0^       The    AkatraZ    CO.,  San  Francisco,  Cal. 
General  Eastern  Office,  3  West  29th  St.,  New  York. 


NEW   YORK    DREDGING    CO., 

ENCINEERS    AND    CONTRACTORS. 

I.  WILLIAMS  MACY,  President.  0.  L.  WILLIAMS,  Secretary  and  Treasurer. 


Hydraulic  Dredge  dischar 


through   5,700  Ft.   Pip9.     Will  dig  and  put  ashore  any   Material,  Rock  excepted. 


SPECIALTIES: 

Machinery  for  Economical  Excava- 
tion of  Canals. 

For  Dredging:,   For  Reclamation  of 
Low  Lands. 

CORRESPONDENCE  SOLICITED. 

World  Building,  New  York,  N.  Y. 

"  Machines  at  work  at  Wilmington,  Del. ; 
Port    Royal,   S.  C;    Port  Arthur,    Sabine 
Patent  Canal  Excavator.  Pass,  Texas,  and  Oakland,  Cal." 

Capacity  of  Plant  owned  by  us,  under  favorable  conditions,  1,000,000  cubic  yards  per  month. 


WEST  PASCAG0ULA  CREOSOTE  WORKS, 

WEST  PASCAGOULA,  MISS. 
Situated  on  Pascagoula  Bay  and  on  the  line  of  the  Louisville  and  Nashville  Railroad. 

These  works  have  been  in  operation  for  more  than  twenty  years,  were  recently 
entirely  rebuilt  and  enlarged,  and  are  now  prepared  to  execute  all  orders  for  creosoted 
piles  and  timber  thoroughly  impregnated  with  dead  oil  of  coal  tar. 

New  cylinders  115  feet  long.     Capacity,  one  million  feet  per  month. 

Address  S.  W.   LABROT, 

Supt.  West  Pascagoula  Creosote  Works, 

West  Pascagoula,  Miss. 
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THE 


Q  &  W  Tie  Plate 

ALTHOUGH  SOMETHING  NEW, 

Has    a    Record,    from    the   fact   that   it   is   a 
combination  of  the 

SERVIS  AND 
WOLHAUPTER 
PLATES 

CHICAGO  : 

700=712  Western  Union  Building. 

NEW  YORK: 

106  Liberty  Street. 

SAN  FRANCISCO: 

537   Mission  Street. 


FAIRBANKS' 

Patent  Automatic 
Cement  Testing  Machines. 


Descriptive  Circular  of  flachines  and  Appliances,  with  Prices, 
Forwarded  on  Application. 


The   Fairbanks  Company, 

311  BROADWAY,  NEW  YORK. 

ALBANY,  N.  Y.;     BALTIMORE,  Hd.;     BUFFALO,  N.  Y.; 

BOSTON,  Mass.;    PHILADELPHIA,   Pa.;   PITTSBURG,  Pa.;    NEW  ORLEANS,    La. 

MONTREAL,  Que.;     LONDON,  England. 
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CONTINUOUS  RAIL  JOINT  COMPANY-UK 


Sl&^fti^iiP 


908=911  Lawyer's  Building, 
164  Market  St.,  NEWARK,  N.  J. 

Millions  in  use  on 
80  Railroads 

Fewest  parts  possi- 

Provides  for  the 

increased 

«  tonnage  np 

to  date. 


GIANT  PORTLAND,  manufactured  by 

eqypt  Portland,  AMERICAN  CEMENT  CO.,  Egypt,  Pa., 

IMPROVED  UNION,  LESLEY  a  TR1NKLE,  Sales  Agents, 

AND  UNION  CEMENTS.  22  &  24  South  15th  St.,     Philadelphia. 


Trident 

Disk  Water  Meter, 


Resilient  or  Retroactive  Frost  Bottom. 


"  SECOND  TO  NONE  "  in  form,  material 
mm*  construction,  capacity,  initial  accuracy  and 
I  sensibility. 

SUPERIOR  TO  ALL  in  convenience,  in  so- 
lidity of  parts,  in  design,  in  maintained  ac- 
curacy, and  in  immunity  from  stoppages. 

MAY  BE  RUN  HARD  AND  LONG  without  smashing,  and  be  frozen  partially  or 
entirely  solid  without  damage  to  the  meter  or  expense  to  the  owner. 

FULLY   ATTESTED,   by  most  competent  authorities,  as  being  "beyond  competi- 
tion in  low  cost  of  maintenance." 

Illustrated  Catalogue,  giving  full  details,  mailed  to  any  applicant. 

NEPTUNE     METER     COMPANY, 

253     BROADWAY, 


designed  by  JOHN  THOMSON. 


NEW  YORK  CITY. 


VZEnSTTTTIRI    METEES 

FOR    MAINS    4    TO    84    INCHES    OR    LARGER. 


Measurements  by  these  meters  are  more  accurate  than  measurements  by  "weirs. 
Smaller  meters  for  laboratories  of  Schools  and  Colleges. 

BUILDERS  IRON  FOUNDRY,  Providence,  R.  I. 

A.  J.   SNYDER   &   SONS, 

'CIESCEir  £  IIHD1KEIDUE  CEMENT 

Especially  manufactured  for 

IMPORTANT    ENGINEERING    WORK, 

requiring  a  high  grade  testing  cement.    Over  30,000  barrels  were  used  on 
the  new  dams  for  the  Crotou  Aqueduct,  and  not  one  barrel  was  rejected. 

SfaSSSF   HENRY  R.  BRIGHAM,  General  Agent, 

35  STONE  STREET,  NEW  YORK  CITY. 


WORKS 


ARE    THE    LARCEST    IN    EXISTENCE. 


OTIS  BROTHERS  &  CO., 

38   PARK   ROW,  NEW  YORK. 

MANUFACTURERS  OF 
ELEVATORS  OPERATED  BY  ANY  POWER  EXCEPT  HAND-POWER. 


->e  ENGINEERS,*- 

ADDRESS    THE    WORKS     DIRECT, 

JOHN  STREET,  WEST  NEW  BRIGHTON,  STATEN  ISLAND,  N.  Y. 

(ESTABLISHED     1873), 

Make  a  specialty  of  Machinery  for  the  rapid  and  economical  handling  of  heavy  or 
bulky  materials,  as  well  as  Plans  for  Storage  Buildings  and  'Wharves. 

ENGINEERS  ARE  REQUESTED  TO  SEND  FOR  OUR  CATALOGUES. 
"Coal-Handling  Machinery,"  "Cable  Railways  for  Freight," 

"Conveyors"  Gravity  Bucket,  "Manilla  Rope"  Transmission, 

"Industrial  Railways."  "Coal  Handling  in  Power  Plants. " 

extentof  Asphalt  Pavements 

IN  THE  UNITED  STATES  AND  CANADA. 

Trinidad  Lake  Asphalt  Pavement,  21,527,415  square  yards,  or  90% 
Other  kinds  Asphalt  Pavement,        2,307,064  square  yards,  or  10% 


OF  T 


heJRINIDAD  lake  asphalt  pavement 


10,000,000  square  yards,  or  nearly  50%, 

WAS  LAID  BY 

THE  BARBER  ASPHALT  PAVING  COMPANY. 


This  is  equal  to  about  650  miles  of  Roadway,  26  feet  wide. 

The  Asphalt  used  by  this  Company  is  from  the  famous 
Pitch  Lake  in  the  Island  of  Trinidad,  B.  W.  L 

2s" Plans  and  Estimates  Furnished  on  Application. 


GENERAL   OFFICES  '. 

LE  DROIT  BUILDING,     -        -        ■     WASHINGTON,  D.  C. 

BOWLING  GREEN  BUILDING,  No.  II  Broadway,  New  York. 

F.  V.  GREENE,  President. 

SUPERIOR  GRAPHITE   PAINT 

For  BRIDGES,  A  STRUCTURAL 

ROOFS,    .  y  IRON,    .... 

And  all  Exposed  Metal  or  Wood  Surfaces. 


"TJFtTtZntiZ         Detroit  Graphite  Mfg.  Co., 

S?»SE*\  Sm°ke.  "  DETROIT,  MICH. 
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ESTABLISHED  1872. 


F.  E.  BRANDIS  SONS  &  CO., 


MANTTFACTUItEBS    OF 


Engineers'  and  Surveyors'  Instruments, 

814    GATES    AVENUE, 

BROOKLYN,      NEW     YORK. 


Catalogues  mailed  on  application. 


Rock  Drilling  and  Air  Compressing 

MAOHI^TEBT 

For  TUNNELS,  QUARRIES,  MINES,  RAILROADS, 

And  wherever  ORE  and  ROCK  are  to  be  DRILLED  and  BLASTED. 


SEND   FOR  NEW   CATALOGUE. 


RAND  DRILL  CO..  100  Broadway,  New  York,  U.  S.  A. 

Bbasoh  Offices  :  132S  MonadnockBlk., Chicago,  El.;  Ishpeming,  Mich. ;  1361  Eighteenth 
8treet,  Denver,  Colo.  ;  Sherbrooke,  Quebec.  Canada ;  Apartado  830,  Mexico  Ci*y. 

Eppinger  &  Russell  Co., 

CREOSOTING  WORKS, 

Dead  Oil  of  Coal  Tar  Process. 


Piles  and  Timber  treated  with  the  above  Oil  for  all  purposes, 
when  preservation  is  desired. 

Introduced  in  England  by  Mr.  Bethel  in  1838.  DEAD  OIL  OF  COAL  TAR  is  the 
only  known  product  of  commercial  application  that  will  preserve  TIMBER  FROM 
DECAY,  LAND  A\D  MARINE  INSECTS. 

Our  Mr.  Valentine  has  had  practical  experience  since  1872,  and  we  have  specimens  of 
Piles  and  Timber  treated  by  him  in  187-4,  which  are  in  use  to-day  and  are  in  a  perfect  state  of 
preservation.  We  have  the  largest  and  best  equipped  plant  in  the  world. 
Cylinders  100  ft.  long,  capacity  1,300,000  ft.  per  month. 

Direct  Water  and  Rail  Communications. 
lIANtTACTTrRERS   OF   THE 

Valentine  Electrical  Subway  Conduit. 

WORKS:  OFFICES: 

Foot  First  Street  and  Newtown  Creek,      MORRIS    IB  XT  I  LID  1 3ST  G-, 
LONG  ISLAND  CITY.  66  BROAD  ST..  NEW  YORK. 

SEND  FOR  CIRCULARS  AND  PRICES. 
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THE   F.  O.  NORTON    COMPANY. 


— MANUFACTURER   OF- 


!EE;y^ci:i?arcLl±o    Qe~m  eio-lp. 

92    BROADWAY,   NEW  YORK. 


Particularly  adapted  for  work  under  water,  for  which  use  it  is 
superior  to  the  best  Portland  Cement,  when  used  i  to  i. 

Certificates  of  tests  and  reports  on  actual  use  in  important  public 
works  furnished  on  application. 


OUR    LEADING 

Architects,  Engineers  and  Builders 

SPECIFY  AND  USB 

BROOKLYN    BRIDGE    BRAND 

ROSENDALE   HYDRAULIC   CEMENT. 

j     PARK  ROW  OFFICE  BUILDING— 30  STORIES. 
USED  EXCLUSIVELY  ON  j     WALDORF-ASTORIA  HOTEL— LARGEST  IN  THE  WORLD. 

HAVE  SUPPLIED  FOR  NEW  YORK  CROTON  AQUEDUCT,  IN  1897  AND  1898,  165,000  BARRELS. 


ATLAS  Portland  Cement 

IS  THE  STANDARD 
AMERICAN   PORTLAND. 

The  U.  S.  Government  gives  it  preference  over  all  other  brands. 

ATLAS  CEMENT  CO., 
143  LIBERTY  STREET,  NEW  YORK  CITY. 


IRONCLAD  PORTLAND  CEMENT 

Manufactured  by  Glens  Falls  Portland  Cement  Co. 

Sole  Selling-  Agent,  Commercial  Wood  &  Cement  Co., 

156   FIFTH   AVENUE,   NEW  YORK 


High-grade  American 
PORTLAND  CEMENT 

unsurpassed  for  making 

Fine  Artificial  Stone. 
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Architects  and  Builders, 

When  making  Contracts,  should  remember  that 

12,000,000  Barrels 

"HOFFMAN" 

CEMENT 

Have  been  used  on  important  works  throughout  the  United  States. 

No  other  Cement  Company  can  show  such  a  Record. 

Lawrence  Cement  Co. 

Sales  Office,  No.    i   Broadway,   New  York. 


LABORATORIES  OF  Dr.  CHAS.  F.  McKEHNA,. 


221    PEARL   ST.,    NEW  YORK, 

Successor  to  Dr.  GIDEON  E.  MOORE. 

DEPARTMENT  OP  CHEMISTRY.  Analyses  and  Assays  of  Ores,  Metals,  Waters  and  Natural 
and  Industrial  Products  of  every  description. 

DEPARTMENT  OF  PHYSICAL  TESTS.  Tensile,  Transverse  and  Compression  Tests  of  Iron ,  Steel 
and  other  Metals  and  Alloys,  Cements,  Building  Stones  and  Engineering  Materials  generally. 

ESTABLISHED    1856. 


Warren  Foundry  and  Machine  Co, 

WORKS  AT  PHILLIPSBURG,  NEW  JERSEY. 
SALES  OFFICE:   160  BROADWAY,    NEW  YORK. 


CAST-IRON,  WATER  AND  GAS  PIPE 

Feom  3  to  48  Inches  Diameter. 
Also  all  sizes  ot  FLANGED    PIPE  and  SPECIAL.   CASTINGS. 


IMPROVED  RlGlD&SPRIr1GFRO(i5,(R055lr1G5i  Track  Work 

5ihcle£-Three  Throw  Split  Switches,!  HfflJKSS 


r£iaWd»T:V:HiN^ilTAY/JkH!roMlT)lviiml  , 


X^l  Die  Formed  rail  BraceOwikh  Fixturej  jtC| 


XIV 


Connecting  Branch  Sleeve 

—  Tapping  Apparatus 

For  making  Large  Connections  without 

Shutting  Off  Water  or  Reducing  Pressure. 

This  is  no  experiment,  but  has  been  used 
by  the  Water  Departments  of  numerous 
cities  for  years  with  entire  success.     Con- 
nections from  2  to  *24  ins.  have  been  made  with  mains  from  4  to 
48  ins.     For  full  information,  address 

THE  A.  P.  SMITH    MFG.  CO.,  921  Prudential  Building,  Newark,  N.  J. 


The  Evening  Post  Job  Printing  House, 

FULTON    STREET,  CORNER   BROADWAY, 
NEW  YORK. 


PRINTERS    OF    PERIODICALS. 
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Select  Advebtisements  will  be  Received  at  the  following  Rates: 


One  Page 

One-half  Page 

One-quarter  Page 

One-twelfth  Page,  Card 


One  Yeab. 
10  insebtions. 


$170  00 
90  00 
50  00 
20  00 
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Address  the  Secretary  of  the  Society,  220  West  57th  Street,  New  York. 


Union  Bridge  Company. 


CHARLES  MACDONALD, 


ANDREW  ONDERDONK. 


Civil  Engineers  and  Constructors  of  Bridges,  Tunnels, 
and  Public  Works. 

JOSEPH  MAYER,  Engineer. 


PRINCIPAL    OFFICE, 

No.  I    BROADWAY,   NEW  YORK. 

Cable  Address :  "  Yaraunion,  New  York." 


Works:  ATHENS,  Pa. 
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MINUTES  OF  MEETINGS. 


OF  THE  SOCIETY. 


November  ist,  1899. —The  meeting  was  called  to  order  at  8.40  p.  m.. 
Joseph  M.  Knap  in  the  chair;  Charles  Warren  Hunt,  Secretary;  and 
present,  also,  65  members  and  10  visitors. 

The  minutes  of  the  meetings  of  October  4th  and  18th  were 
approved  as  printed  in  Proceedings  for  October,  1899. 

V  A  paper  entitled  "Test  of  a  Mechanical  Filter,"  by  Edmund  B. 
Weston,  M.  Am.  Soc.  C.  E.,  was  presented  by  the  Secretary,  who  also 
presented  a  written  discussion  on  the  subject  by  Mr.  Gardner  S. 
Williams. 

The  paper  was  discussed  orally  by  Messrs.  W.  E.  Fuller.  E. 
Sherman  Gould,  A.  P.  Folwell  and  C.  G.  Currier. 


224  MINUTES   OF   MEETINGS.  [Society 

Ballots  were  canvassed,  and  the  following  candidates  declared 
elected. 

As  Members. 

Frank  Ltnton  Chase,  Louisville,  Ky. 
George  Richardson  Harlow,  Wilkinsburg,  Pa. 
John  Francis  Healy,  Red  Lodge,  Mont, 

As  Associate  Members. 

■  Edmund  Ignatius  Bowen,  Hornellsville,  N.  Y. 

William  Saxon  Charlesworth,  Auckland,  New  Zealand. 
James  William  Martin,  Boston,  Mass. 
Soloman  Mark  Swaab,  Philadelphia,  Pa. 
Frederick  Kelly  Wing,  Buffalo,  N.  Y. 

Announcement  was  made  that  the  following  candidates  were  elected 
by  the  Board  of  Direction,  October  31st,  1899: 

As  Juniors. 

Willard  Franklin  Graves,  South  McAlester,  Ind.  T. 
Henry  Alexander  Harris,  Mapimi,  Durango,  Mex. 
Louis  Bernard  Spencer,  Salt  Lake  City,  Utah. 
Charles  Eliphalet  Trout,  Brooklyn,  N.  Y. 

The  Secretary  announced  that  the  Annual  Convention  of  1900  would 
be  held  in  London,  England,  but  that  the  date  had  not  yet  been  fixed 
(see  p.  226). 

Adjourned. 

November  15th,  1899 — The  meeting  was  called  to  order  at  8.30 
p.  M.,  Director  H.  S.  Haines  in  the  chair;  Charles  Warren  Hunt,  Secre- 
tary, and  present,  also,  73  members  and  15  visitors. 

A  paper  by  Frank  H.  Cilley,  S.  B.,  entitled  "  The  Exact  Design  of 
Statically  Indeterminate  Frameworks  :  An  Exposition  of  Its  Possi- 
bility, but  Futility,"  was  presented  by  the  author  and  discussed  by 
Mr.  Henry  Goldmark. 

Mr.  William  S.  Dalrymple  addressed  the  Society  on  the  subject 
"  The  Triangulation  of  Greater  New  York."  The  address  was  illus- 
trated with  stereopticon  views. 

The  Secretary  announced  the  death  of  Clarence  Allan  Carpenter, 
elected  Member  May  2d,  1888;  died  November  9th,  1899. 

Adjourned. 


Affairs.]  MINUTES   OF   MEETINGS.  225 

OF  THE  BOARD  OF  DIRECTION. 

(Abstract. ) 

October  31st,  1899. — Vice-President  North  in  the  chair;  Charles 
Warren  Hunt,  Secretary,  and  present  also  Messrs.  Bensel,  Haines, 
Manley,  Morison,  Owen,  Ricketts,  Thomson,  Turner  and  Whinery. 

The  recommendation  of  the  Finance  Committee,  that  a  payment  of 
$10  000  be  made  on  January  15th,  1900,  on  the  loan  now  standing 
against  the  Society  House,  was  adopted. 

The  recommendation  of  the  Finance  Committee,  that  all  entrance 
fees  received  by  the  Society  shall,  in  future,  beginning  with  the  year 
1900,  be  set  aside  as  a  fund  to  extinguish  the  debt,  and  that  a  sum 
not  less  than  the  amount  of  such  entrance  fees  be  paid  yearly  on  this 
debt  until  it  shall  be  extinguished,  was  adopted. 

On  the  recommendation  of  the  Library  Committee  the  employ- 
ment of  temporary  additional  assistants  in  cataloguing,  in  order  to 
hasten  the  completion  of  the  index,  was  authorized. 

A  report  from  the  Special  Committee  on  Time  and  Place  for 
holding  the  next  Annual  Convention  was  received,  which  presented 
the  following  facts: 

That  671  answers  to  Convention  Circular,  No.  2,  had  been  received; 
that  of  these  408  favored  the  holding  of  a  Convention  in  London, 
England;  that  217  were  in  favor  of  the  alternate  proposition  of  sending 
a  delegation;  that  178  votes  were  received  against  a  London  Conven- 
tion, and  225  against  the  idea  of  holding  a  Convention  in  America  and 
sending  a  delegation  to  Europe.  The  balance  of  the  votes  were  either 
in  favor  of  both  propositions,  against  both  propositions,  indifferent 
as  to  the  matter,  or  in  favor  of  some  entirely  different  proposition. 

It  was  decided  that  the  Thirty-Second  Annual  Convention  be  held 
in  London,  England,  the  time  to  be  determined  upon  further 
investigation. 

Applications  were  considered,  and  other  routine  business  trans- 
acted. 

Four  candidates  for  Junior  were  elected.* 

Adjourned. 


*  See  page  224. 
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ANNOUNCEMENTS. 

In  accordance  with  the  resolution  of  the  Board  of  Direction  the 
House  of  the  Society  is  open  every  day,  except  Sunday,  from  9  A.  M. 
to  10  P.  M. 

ANNUAL  CONVENTION  OF   1900. 

At  a  meeting  of  the  Board  of  Direction,  October  31st,  1899,  the 
results  of  the  last  circular  of  inquiry,  which  was  sent  out  by  a  Special 
Committee,  as  well  as  the  results  of  two  previous  circulars,  were  dis- 
cussed, and  as  the  results  of  each  of  these  circulars  indicated  that  a 
majority  of  such  members  as  cared  to  vote,  favored  a  Convention  to  be 
held  abroad,  the  Board  decided  that  the  Convention  of  1900  be  held  in 
London,  England. 

No  definite  date  has  yet  been  decided  upon  for  the  holding  of  this 
Convention,  and  the  fixing  of  this  date  will  be  deferred  until  more 
information  can  be  secured,  as  to  the  most  available  steamers,  and  the 
general  convenience  of  the  members  who  desire  to  go. 

With  a  view  of  securing  some  information  on  this  last  matter  mem- 
bers are  requested  to  write  the  Secretary,  giving  their  views  as  to  what 
general  date  would  be  convenient  to  them,  and  the  reasons  governing 
them  in  that  opinion. 


JUNIOR  MEETINGS. 

The  meetings  of  the  Juniors  of  the  Society  were  inaugurated  for 
the  season  of  1899-1900,  by  a  meeting  on  October  25th,  1899,  at  which 
the  subject  "The  Belation  of  Design  to  Durability"  was  considered, 
the  discussion  being  opened  by  J.  B.  Hurtig,  Jun.  Am.  Soc.  C.  E. 


MEETINGS. 

Wednesday,  December  6th,  1899,  at  8.30  p.  m.,  a  regular  business 
meeting  will  be  held.  Ballots  for  membership  will  be  canvassed,  and 
a  paper  by  James  A.  Seddon,  M.  Am.  Soc.  C.  E.,  entitled,  "River 
Hydraulics,"  will  be  presented.  This  paper  was  printed  in  the  October 
number  of  Proceedings. 

At  this  meeting,  A.  C.  Savage,  M.  Am.  Soc.  C.  E.,  will  address  the 
Society  on  "The  Present  Condition  and  Prospective  Development  of 
Wire-Rope  Transmission."  This  address  will  be  illustrated  with 
lantern-slides. 
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Wednesday,  December  20th,  1899,  at  8.30  p.  m.,  a  regular  meeting 
will  be  beld,  at  which  a  paper  by  A.  H.  Sabin,  Assoc.  M.  Am.  Soc. 
C.  E.,  entitled,  "  Experiments  on  the  Protection  of  Steel  and  Aluminum 
Exposed  to  Water,"  will  be  presented.  This  paper  was  printed  in  the 
October  number  of  Proceedings. 

Wednesday,  January  3d,  1900,  at  8.30  p.  m.,  a  regular  business 
meeting  will  be  held.  Ballots  for  membership  will  be  canvassed,  and 
a  paper  by  Allen  Hazen,  Assoc.  M.  Am.  Soc.  C.  E.,  entitled  "The 
Albany  Water  Filtration  Plant,"  will  be  presented.  This  paper  is 
printed  in  this  number  of  Proceedings. 
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LIST  OF  ARTICLES. 
Bridge. 

Concrete  Protection  "Walls  for  Bridge  Supports.     (18)  Oct.  14. 

The  Scherzer  Rolling-Lift  Bridge,     (47)  Oct.  7. 

The  Development  of  the  Arch  Principle.     (12)  Oct.  6. 

The  Eighteenth  Street  Bridge,  Philadelphia.     (14)  Oct.  14. 

Suspension  Bridges  with  Stiffening  Girders.    Max  am  Ende.     (63)  Part  III,  1899. 

Oblique  Arches  on  Curves.    Arthur  Hatsell  Owles.     (63)  Part  III,  1899. 

A  Concrete  and  Iron  Bridge  at  Oconomowoc.  Wis.     (13)  Oct.  19. 

Manufacture  of  the  Cast-Steel  Voussoirs  for  the  Alexander  III  Bridge,  Paris.  (13)  Oct.  19. 

A  Long  Double-Track  Plate  Girder  Span.     (14)  Oct.  21. 

The  Life  of  Timber  Employed  in  Railway  Bridges  in  the  United  States.    (18)  Oct.  21; 

(13)  Oct.  26;  (is)  Oct.  27. 
The  Maiden  Lane  Bridge.  Albany,  N.  Y.     (14)  Oct.  28. 
The  At bara  Bridge.     (14)  Nov.  4. 

Concrete  .Tiers,  Sangamon  River  Bridge.     (14)  Nov.  4. 
New  Form  of  Plate-Girder  Swing  Bridge,  C.  M.  &  St.  P.  Ry.     (18)  Oct,  28. 
Le  Pont  Roulant  de  Montage  du  Pont  Alexandre  III  a  Paris.     (35)  Oct.,  1899. 
Les  Travaux  d' Amelioration  du  Pont  de  Huy.    E.  Marote.     (31)  Troisieme   livraison, 

1899. 
Execution  d'un  Pont  Biais  en  Ciment  Arme  d'apres  le  Systeme  Hennebique.    E.  Haerens. 

(31)  Troisieme  livraison,  1899. 

Electrical. 

The  Determination  of  the  Wave  Form  of  Alternating  Currents  without  a  Contact  Maker. 

Harris  J.  Ryan.     (42)  Aug.  and  Sept.,  1899. 
The  Protection  of  Secondary  Circuits  from  Fire  Risk.    Cary  T.  Hutchinson.     (42)  Aug. 

and  Sept.,  1899. 
Measurement  of  the  Internal  Resistance  of  Accumulators.    E.  C.  Rimington.      (26) 

Oct.  20. 
Apparatus  for  Obtaining  High  Frequencies  and  Pressures.     Elihu  Thomson.     (27) 

Oct.  14. 
A  Multiple  Lightning  Flash.    A.  E.  Kennelly.     (27)  Oct.  28. 
The  Mechanism  of  the  Wehnelt  Interrupter.     (26)  Oct.  20. 
Notes  on  Electrical  Specifications.    Ernest  Kilnurn  Scott.     (26)  Oct.  6. 
Interior  Alternating  Current  Wiring.     R.  W.  Lohmann.     (27)  Oct.  21. 
The  Electric  Driving  of  Printing  Machinery.     (26)  Oct.  6. 
Motor  Speed  Regulation.    Alton  D.  Adams.     (42)  Aug.  and  Sept.  1899. 
Electricity  for  the  Auxiliary  Machinery  on  Warships.    Lieut,  J.  K.  Robison,    (9)  Nov., 

1899. 
German  Electric  Automobiles.     (27)  Nov.  4. 
Protection  of  Interior  Wiring  from  High-Potential  Currents.  Warren  B.  Reed  and  Lyman 

C.  Reed.     (27)  Oct.  28. 
Plea  for  a  Working  Standard  of  Light.    S.  Everett  Doane.     (42 )  Aug.  and  Sept.,  1899. 
The  Photometry  of  Incandescent  Lamps.    Prof.  Arthur  J.  Rowland.     (3)  Nov.,  1899. 
Series  Alternating  Current  Arc  Lighting  from  Constant  Current  Transformers.    (27) 

Nov.  4. 
Incandescent  Lamp  and  Transformer  Construction  in  America.    Henry  E.  P.  Cottrell. 

(12)  Serial  beginning  Oct.  13.  ending  Oct.  20. 
Enclosed  Arc  Lamp  Statistics.    L.  B.  Marks.     (27)  Nov.  4. 
Woburn,  Mass..  New  Central  Station.    L.  R.  Wallis.     (27)  Oct.  28. 

The  Hull  (Que.)  Electric  Company  and  the  Deschene  Electric  Company.    E.  M.  Archi- 
bald.    (27I  Oct.  14. 
West  Ham,  England,  Central  Station.     (27)  Nov.  4. 
Carlisle  Corporation  Electricity  Works.     (26)  Oct.  6. 
Llandudno  Municipal  Electricity  Works.     (26)  Oct.  13. 
The  Commercial  Transformation  of  Energy.     Daniel  W.  Mead,  M.  Am.  Soc.  C.  E.     (28) 

Serial  beginning  Sept.  15,  ending  Oct.  13. 
Means  of  Attaining  Safety  in  Electrical  Distribution.    W.  L.  R.  Emmet.     (47)  Oct.  14. 
Electric  Power  Distribution  and  the  Small  Consumer.    Dr.  Louis  Bell.     (9)  Nov.,  1899. 
An  83-Mile  Electric  Power  Transmission  Plant.    James  A.  Lighthipe.     ( 10)  Nov.,  1899. 
The  Snoqualmie  Falls  Electric  Power  Plant,     (11)  Oct.  6;  (27)  Oct.  21. 
Mt.  Whitney,  Cal.,  Transmission  Plant.    Donald  H.  Fry.     (27)  Oct.  28. 
The   Relation  Between   Electrical  Machines  and  Prime  Movers.     R.   M.   Fnese.     (48) 

Sept,  30. 
Electrical  Power  in  Rolling  Mills  and  Foundries.    O.  Lasche.     (50 )  Oct.  1. 
La  Commande  Directe  des  Machines-Outils,  par  desMoteursacourants  Polyphases.  (36) 

Oct.  10. 
Distribution  d'finergie  filectrique  de  Nuremberg.    Henry  Martin.     (33)  Sept.  30. 

Marine. 

Windlass  and  Capstan  Gear  of  R.  M.  S.  Oceanic.     (11)  Oct.  6. 

Recent  Trials  of  the  Machinery  of  Warships.     (63)  Part  III,  1899. 

The  Development  of  German  Shipbuilding— Yards  for  the  Building  of  River  Boats. 
Rudolph  Haack.     (9)  Nov.,  1899. 

Tests  of  Machinery  on  Board  Ship.     (47)  Oct.  28. 

The  Machinery  of  the  Graving  Dock  at  Govan.  George  H.  Baxter.  (47)  Serial  begin- 
ning Sept.  16,  ending  Oct.  7. 

Tests  of  the  Holland  Submarine  Boat.     (27)  Nov.  4. 
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Mechanical. 

The  Niclausse  Water-Tube  Boiler.    Mark  Robinson.    (47)  Serial  beginning  Oct.  7,  ending 

Oct.  1 1. 
Recent  Practice  in  Steam  Boilers  in  Great  Britain.    W.  D.  Wansbrough.     (10)  Nov., 

1899. 
Water-Tube  Boilers  for  Marine  Engines.    James  Tayler  Milton.     (63)  Part  III. 
The  Need  of  Testing  Boilers.     (14)  Oct.  21. 
Hydraulic  Boiler  Test.     (47)  Oct.  28. 

Apparatus  for  Testing- Injectors.    Charles  Francis  Park.     (7)  Sept.,  1899. 
The  Adjustment  of  Shaft  Governors.     (47)  Oct.  14. 

Engine  Breakdowns  and  Their  Lessons.     Michael  Longridge.     (47)  Oct.  14. 
Some  Modern  Economical  Steam  Engine  Tests.    Selected  by  Bryan  Donkin.     (12)  Oct. 

13. 
The  Fuel  Economy  of  Engines  in  Electric  Railway  Power  Stations.     (14)  Oct.  21. 
The  Thermal  Efficiency  of  Steam  Engines.     (12)  Oct.  6. 
Steam  Engines  and  Dynamos  at  the  Heinrichsburg  Canal  Lift.     (12)  Oct.  6. 
The  Fuel  Economy  of  Engines  in  Electric  Railway  Power  Stations.    R.  C.  Carpenter. 

(13)  Oct.  12. 
Experiments  upon  the  Action  of  Engine-Governors.     William  George  Hibbins.     (63) 

Part  III,  .1899;  C20)  Serial  beginning  Oct.  2(5,  ending  Nov.  2. 
Engines  of  the  S.  S.  America  Maru.     (12)  Oct.  27. 
Engines  for  the  Sheffield  Electric  Tramways.     (12)  Oct.  27. 

The  Rie  Uer-Stumpf  Valve  for  Blowing  Engines  and  Air  Compressors.     (22)  Oct.  27. 
Testing  Indicator  Springs.    Prof.  D.  S.  Jacobus.     (8)  Oct.,  1899. 
Indicator  Diagrams  from  Mill  Engines.     (47)  Oct.  21. 
Secor's  Kerosene  Motor.     (47)  Oct.  21. 
Tests  of  British  Gas  Engines.     (14)  Oct.  28. 

Judges'  Report  on  the  Trial  of  Oil  Engines  at  the  Edinburgh  Show,  1899.  (12)  Oct.  13. 
The  Erie  Gas  Engine  Installation.  (20)  Oct.  26;  (40)  Oct.  27;  (15)  Nov.  3;  (25)  Nov., 
1899;  (14)  Nov.  4;  (16)  Nov.  4. 

Automatic  Generator  for  Acetylene  Gas.     (11)  Oct.  27. 
Steam  Consumption  in  a  Water-Gas  Plant.     (24)  Oct.  23. 
An  Outline  Description  of  Carburetted  Water-Gas  Manufacture.    John  M.  Rusby.     (8) 

Oct.,  1899. 
Illuminating  Gas  from  Coke  Ovens.    Dr.  C.  Schmidt.     (22)  Oct.  6. 
Smokeless  Combustion  of  Soft  Coal.    William  Kent.     (8)  Oct.,  1899. 
The  Safety  of  Petroleum  Fuel— Its  Use  for  Locomotives  and  for  Stationary  Boilers. 

James  Holden.     (10)  Nov.,  1899. 
Crude  Petroleum  and  its  Products  as  Fuel.    H.  Tweddle.     (16)  Serial  beginning  Oct.  14, 

ending  Oct.  28. 
A  New  Open-Hearth  Steel-Making  Process.    Alexander  Sattman.     (22)  Oct.,  20. 
Evans"  Ingot  Stripper.     (12)  Oct.  13. 
Some  Forms  of  Magnetic  Separators  and  their  Application  to  Different  Ores.    H.  C. 

McNeill,     (ii)  Serial  beginning  Oct.  13,  ending  Oct.  20. 
Some  Recent  Applications  of  Electro-Metallurgy  to  Mechanical  Engineering.     (22)  Oct. 

6. 
Holding  Power  of  Wood  Screws.     W.  M.  Macphail  and  T.  T.  Irving,     (n)  Oct.  6. 
The  Wurdemann  Automatic  Dividing  Engine.    C  L.  Berger.     (13)  Nov.  2. 
The  Lanston  Typesetting  and  Casting  Machine.     (13)  Nov.  2. 
The  Manufacture  of  Liquefied  Carbonic  Acid.     (11)  Oct.  20. 

The  Development  of  the  Automatic  Screw  Machine.    Henry  Roland.     (9)  Nov.,  1899. 
Some  Overhead  Electric  Traveling  Cranes.    Arthur  G.  Parrott.     (10)  Nov.,  1899. 
A  Duplex  Radial  Drill.     (48)  Sept.  23. 
A  Modern  Machine  Shop  in  Berlin.     (48)  Sapt.  30. 
Boiler  Shops  of  the  Elsas  Machine  Co.     (48)  Oct.  7. 
Mechanical  Draft  versus  Chimney  Draft.     R.  Schenkel.    (48)  Oct.  14. 
Bourdon's  Tube  Manometer.    W.  Sserebrowsky.     (52)  No.  13. 
New  Machine  Tools  for  Metal  Working.     (56)  Oct.  14. 
Pont  Roulant  Electrique  de  35  Tonnes.     [33)  Oct.  21. 

Manutention  Mecanique  du  Coke  dans  les  Usines  a  Gaz.  J.  L.  Averchere.  (33)  Oct.  14. 
Etude  de  la  Circulation  de  l'Eau  dans  les  Chaudieres  Multitubulaires.    H.  Brillie.     (33) 

Serial  beginning  Sept.  23,  ending  Oct.  21. 

Mining. 

Care  and  Maintenance  of  Mining  Machinery.     (24)  Oct.  16. 

Systems  for  the  Raising  of  Water  from  Deep  Mines.    W.  M.  Epton.     (22)  Oct.  6;  (,62) 

Oct.  26. 
Bottom  Haulage  Landing  at  the  Mammoth  Mine.    Howard  N.  Eavenson.     (13)  Oct.  12. 
The  Lake  Superior  Iron  Ore  Mines  and  Their  Influence  upon  the  Production  of  Iron  and 

Steel.    Jeremiah  Head  and  Archibald  Potter  Head.     (63)  Part  III,  1899. 
Report  of  the  Victorian  Mines  Ventilation  Board.     (22)  Oct.  13. 
The  Analysis  of  Coal  by  Roentgen  Rays.     (22)  Oct.  13. 

Evolution  of  Mining  and  Ore  Treatment  in  Colorado.    Thomas  Tonge.     (9)  Nov.  1899. 
Speed  of  Drilling.    Alfred  C.  Lane.     (16)  Nov.  4. 
Pumping  in  Deep  Mines.     (16)  Nov.  4. 
Gas  and  Oil  Borings  in  China.     ( 55)  Sept.  30. 
Nouvelle  Installation  pour  Remplir  d'Oxygene  les  Appareils  Respiratoires  en  usage 

dans  les  Mines.     (33)  Oct.  21. 
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Municipal. 

The  Life  of  Pavements.     (14)  Oct.  21. 

Brick  Pavements.    (14)  Oct.  14. 

Pavements  Between  Street  Railway  Tracks.     (14)  Oct.  14. 

Street  Railways  and  Street  Pavements.     (14)  Oct.  14. 

Recent  Street  Track  at  Rochester,  N.  Y.     (14)  Oct.  21. 

Rail  Bonds.     (14)  Oct,  21. 

Recent  Experience  in  Rail  Bonding  for  Electric  Railways.    Harold  P.  Brown.     (13) 

Oct.  12. 
Experiments  on  Rail  Bonds.    Prof.  Henry  H.  Norris.     (47)  Oct.  28. 

Construction  and  Maintenance  of  Street  Railway  Tracks.      (13)  Oct.  26;  (17)  Nov.,  1899. 
A  Portable  Asphalt  Plant.     (14)  Nov.  4. 
A.sphalt  Fluxes.     (14)  Oct.  14. 
Electrolysis.     (14)  Oct.  21. 

The  Tabulation  of  Municipal  Statistics.     (14)  Oct.  14. 
Acetylene  Gas  Lighting  at  Hawes.     (12)  Oct.  13. 
Public  Electric  Lighting.    (14)  Oct.  21. 
An  Acetylene  Gas  Plant.     (14)  Oct.  21. 
The  Conversion  of  Public  Lamps  for  Incandescent  Gas  Lighting.     (24)  Oct.  23. 

Railroad. 

One  of  the  Busiest  Railroads  in  the  World.    E.  L.  Corthell,  M.  Am.  Soc.  C.  E.     (15)  Oct. 

20. 
The  Progressive  Development  of  the  English  Coupling.    W.  D.  Phillips.     (15)  Oct.  20. 
New  York  Central  Improvements  at  Albany.     (40)  Oct.  27. 

The  Largest  Locomotive  in  the  World.    Illinois  Central  Railroad.     (13)  Oct.  26. 
Two  Locomotive  Designs.     (15)  Oct.  27. 

Locomotive  Front  Ends.    J.  Snowden  Bell.     (61)  Sept.,  1899. 
Wider  Fire  Boxes.    William  Forsyth.     (25)  Nov.,  1899. 
Corrosions  and  Cracks  in  Locomotive  Boilers.     (15)  Nov.  3. 
Door  Fastenings  for  End  Dump  Cars.    J.  E.  Johnson,  Jr.     (13)  Oct.  26. 
Pumping  Engines  for  Water  Stations.     (15)  Oct.  27. 
Handling  Ballast  on  the  Michigan  Central.     (15)  Oct.  13. 
Filling  Trestles  by  the  Hydraulic  Method.     (13)  Oct.  12. 
Pile-Driver,  Lake  Shore  and  Michigan  Southern  Railway.     (18)  Oct.  14. 
Progress  in  Signaling.    H.  M.  Sperry.     (15)  Nov.  3;  (18)  Nov.  4. 
Normal  Safety  vs.  Normal  Danger.    A.  J.  Wilson.     (15)  Nov.  3. 
Some  of  the  Problems  in  Train  Braking.    G.L.Wilkinson.    (15)  Oct.  13. 
Electric  Railway  Practice  in  America  as  Exemplified  in  Chicago.     (17)  Oct.,  1899. 
Electric  Railway  Practice  in  Germany.    Louis  J.  Magee.     (17)  Oct.,  1899. 
Electric  Railway  Practice  in  Great  Britain.    Sidney  H.  Short.    (17)  Oct.,  1899. 
Electric  Railway  Practice  in  Austria-Hungary.    E.  A.  Ziffer.     (17)  Oct.,  1899. 
Electric  Railway  Practice  in  Argentina.    E.  Manville.    (17)  Oct.,  1899. 
The  Service  Performance  of  Railway  Motors.   W.  B.  Potter.   (17)  Oct.,  1899;  (15)  Oct.,  27. 
The  Street  Railway  System  of  Hanover,  Germany.  Woolsey  McA.  Johnson.  (27)  Oct.  14. 
The  Westinghouse  Electro-Pneumatic  System  of  Motor  Control  and  the  Baldwin  New 

Trucks  for  Heavy  Electric  Cars.     (15)  Oct.  13;  (17)  Oct.,  1899. 
Maintenance  of  Street-Car  Equipment.     (13)  Oct.  26. 
Le  Chemin  de  Fer  Electrique  de  Laon.    M.  Bourquelot.     (38)  Oct.,  1899. 
Description  de  TEtat  actuel  dAvancement  des  Grands  Travaux  de  Chemins  de  Fers 

Entrepris  a  Paris  en  vue  de  l'Exposition  Universelle  de  1900.    M.  E.  Hupou.     (32) 

Sept.,  1899. 

Sanitary. 

The  Engineering  and  Sanitary   Renovation  of  Havana  Under  United  States  Military 

Government.     (13)  Oct.  12. 
The  Salient  Features  of  the  Chief  Engineer's  Annual   Report  of  the  Drainage  Canal  of 

the  Sanitary  District  of  Chicago  for  1898.    Isham  Randolph.     (4)  Aug.,  1899. 
Sewage.    Sir  W.  H.  Preece.     (28)  Oct.  13. 
The  Need  of  House  Sewer  Traps.     (14)  Oct.  14. 
Sutton  Sewage  Disposal  Works.     (12)  Oct.  13. 
Experience  with  Bacteria  Beds.     (14)  Oct.  21. 
The  Septic  Tank  Process  of  Sewage  Treatment  at  Exeter  and  Yeovil,  England.     (13) 

Oct.  26. 
Recent  Crossness  Experiments  with  Bacterial  Sewage  Treatment.     (14)  Oct.  28. 
Sewage  Disposal  Experiments  at  Leeds.     (14)  Nov.  4. 
The  Moon  Island  Sewage  Reservoir,  Boston.     (14)  Nov.  4. 
The  Bacterial  Treatment  of  Crude  Sewage  at  Crossness.     (12)  Oct.  20. 
Bacteriological  Sewage  Works  at  Hampton-on-Thames.     (12)   Oct.  20. 
Garbage  Disposal  and  Street  Cleaning.     (14)  Oct.  14. 
Garbage  Disposal  at  Cincinnati.     (14)  Oct.  14. 

Garbage  Disposal  at  Toronto,  Ont.     (14)  Oct.  21.  . 

L'Emissaire  (ieneral  des  Eaux  d'Egout  de  la  ville  de  Paris,'les  usines  Elevatoires  et  les 

Champs  d'Epuration.    E.  Fourrey.    (36)  Oct.  10. 

Structural. 

The  Crystalline  Structure  of  Metals.    J.  A.  Ewing  and  W.  Rosenhain.     1 11)  Oct.  13. 
The  Deceptive  Fracture  of  Pig  Iron.     Thomas  D.  West.     (11)  Oct.  27. 
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Structural       Continued  . 

Manipulating  High-Carbon  Sceel.    M.  B.  Messimer  and  E.  F.  Carter,     c  28    Oct.  27. 

The  Earlv  History  of  Malleable  Cast  Iron  in  the  United  States.    George  C.  Davis.     (is> 

Oct    - 
The  Determination  of  Nickel  in  Nickel-SteeL    George  William  Sargent.      t6<  Oct  88. 
Practical  Miscroscopic  Analysis  for  Use  in  Steel  Worts.     C.  H.  Ridsdale.    '13   Nov.  2. 
Pig  Iron  Fractures  and  their  Value  in  Foundry  Practice.    James  Williard  Miller.     (62) 

Oct.  19;     13    Not.  2. 
The  Relation  Between  the  Structure  of  Steel  and  Its  Thermal  and  Mechanical  Treatment. 

Albert  Sauveur.      47  I  Serial  beginning  Oct.  21.  ending  Oct.  28. 
Testing  of  Chimney  Masonry.     '55    Sept.  1*5. 
Comparisons  of  Similar  Structures  and  Machines.    Prof.  Archibald  Barr.     in)  Serial 

beginning  Oct  13.  ending  Oct.  27. 
Some  Notes  on  Fireproofing  and  Preserving  Timber.    Sherard  Cowper-Cowles.     (28) 

Oct   . 
Experiments  on  Earth  Pressure  Against  Retaining  Walls.    A.  A.  Steel.     (131  Oct.  19. 
Masonry  Dams— Principles  of  Design  and  Construction.    Robert  S.  Ball.  Jr.       101  Nov.. 

- 
A  Simple  Method  of  Bonding  the  Brickwork  of  a  Square  Arch  with  Oblique  Faces. 

Henrv  Ashman  Reed.     1  63  1  Part  LTL  1899. 
The  Foundations  of  th^  Manchester  Ship-Canal    Grain-Elevator.     Gerald  Gaseoigne 

Lvnde.      63    Part  III     S 
Elasticity  of  Portland  Cement.    W.  L.  Brown.     1  63  I  Part  HI.  1899:  <  14)  Oct.  28. 
Specifications  for  Waterproofing  Tunnel  Masonry.     ( 14)  Oct.  28. 
Rapid  Pneumatic  Foundation  Work.       14  .  Oct  28. 

The  American  Exchange  National  Bank  Building.  New  York.     1  14  1  Oct  14. 
The  Convention  Hall  at  Kansas  City.  Mo.      13     Nov.  & 
A  New  Electric  Power  Station.  Woburn.  Mass.    L.  R.  Wallis.     i  14  >  Nov.  4. 
Wall  Supports  in  a  Steel  Cage  Building.     114)  Nov.  4. 
A  Hot-Blast  Gravity  Steam  Heating  Apparatu-        14     Nov.  4 
A  Hot-Water  Furnace  for  Heating  a  Residence.     1 14)  Oct.  28. 
An  Elaborate  System  of  Residence  Plumbing.     1141  Oct.  21. 
A  Model  Tramway  Power  Station.  Pittsburg.  Pa.       1 1     Oct  9  '. 
Matrons  de  Construction  Economique  a  Saint-Denis  et  a  Alfortville  1  Seine t.    Georges 

Guyon.      351  Oct..  I- 

Water  Supply. 

A  Modification  of  Foote's  Irrisation  Excess  Weir  or  Spill  Box.       13     Oct.  26. 

Col  i- Water  Drinking  Fountain  -        14  L  28 

The  Venturi  Water  ?:I-:er       12    Oct  87. 

The  Purification  of  Drinking  Water  bv  the  Use  of  Ozone.    George  A.  Soper.      13 

■ 
The  East  Providence  Filter.     1 14  1  Oct.  81. 

The  Water- Works  of  the  Madras  Presidency.    John  Alfred  Jones.    (63  >  Part  III.  1899. 
Coatings  for  Cast-Iron  Water  Pipes.    Thomas  H.  Wiggin.     147'  Oct.  7. 
Laying  a  6-Da.  Water  Main  Across  Havana  Harbor.    Howard  Egleston.     (13)  Oct.  12. 
The  Reduction  of  Water-Waste        14      Oct  14. 
Water  Rate-        14     Oct  14. 

lining  a  Reservoir  near  Whitbv.    George  Bransbv  Williams.     1  63  \  Part  HI.  1899. 
Covered  Reservoirs.    Frank  L."Fuller.     1 1 1  Sept.  *  1899: 
Sedimentation  Basins  for  Water-Works.     Wvnkoop  Kiersted.  M.  Am.  Soc.  C.  E.       14- 

Oc-    .- 
Elements  of  Design  Favorable  to  Speed  Regulation  in  Plants  Driven  by  Water  Power. 

Allan  V.  Garratt.     1  42  •  Aug.  and  Sept..  1899. 
Le-  Travaux   de  Derivation  des  Sources  du  Bocq.    Ed.  Walin.      301    Oct,  1899;     31 

Troisieme  livraison.  I  - 
Barrages-R-servoirs  en   Remblai  Rochaux  avec  ame  M6tallique.      A.   Dumas.        33  • 
-    21. 

Waterways. 

-  on  Chicago  City  Datum.    John  W.  Alvor  1.  M.  Am.  Soc.  C.  E.     141  Aug..  1899. 
The  Marquette  Breakwater  and  Duluth  Ship  Canal  Pier-        14     Oct  88. 
The  Dymchureh  Wall  and  Reclamation  of  Romnev  Marsh.    Edward  Case.     1 12  1  Oct.  20. 
Locks  and  Lock  Gates  for  Ship  Canals.     Henry  Goldmark.  M.  Am.  Soc.  C.  E.       1     Sept.. 

Sound-Producing  Buov        2^       let  27. 

Improvements  in  Dioptric  Apparatus  for  Light-Houses.    William  Tregarthen  Douglass 
and  John  Archibald  Purves      |  63  I  Part  ILL  1899. 

: 'the  Kre:z  L're  '. .  -         -     vrg.      51     Serial  beginning  Oct.  4.  ending  Oct.  7. 

Le  Canal  de  Dortmund  4  l'Ems,  et  1" Ascenseur  pour  Bateaux  d'Henrichenburg.    Georges 

Henrv.      33    Oct  7. 
Les  Travaux  a  l'Air  Comprimc  au  Port  d'Ostende.    M.  A.  Cadola.     1301  Oct,  1889. 
L'Exhaussement  du  Barrage  d*  la  Fonlerie  de  Canons,  a  Liege.     G.  Herman.      30  I 

- 
Usine  Hvdraulique  de  Bourg-et-C'jmin  pour  1" Alimentation  du  Canal  de  l'Oise  a  l'Aisne. 
34     Oct 
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NEW  BOOKS  OF  THE  MONTH. 

Unless  otherwise  specified,  books  in  this  list  have  been  donated  to  the  Library 
bv  the  Publisher. 


MONOPOLIES    AND    THE    PEOPLE. 

By  Chailes  Whiting  Baker.  Edition  3.  revised  and  enlarged. 
Cloth  9x6  inches.  368  pp.  New  York,  G.  P.  Putnam's  Sons,  1899. 
§1.50. 

The  older  portion  of  this  work  has  been  reprinted  in  its  original  form.  New  material 
has  been  added,  presenting  a  survey  of  the  growth  of  monopolies  in  each  of  the  several 
departments  of  industry  during  the  past  decade.  This  review  has  been  confined,  with 
few  exceptions,  to  the  United  States.  The  author  is  of  the  opinion  that  the  death  of 
competition,  in  a  great  proportion  of  industries,  is  inevitable,  and  that  Government 
regulation  is  likewise  inevitable. 

THE  ACTION   OF   MATERIALS    UNDER    STRESS; 

Or.  Structural  Mechanics:  comprising  the  Strength  and  Besistance  of 
Materials  and  Elements  of  Structural  Design;  with  Examples  and 
Problems.  By  Charles  E.  Greene,  M.  Am.  Soc.  C.  E.,  Professor  of 
Civil  Engineering.  University  of  Michigan.  Cloth,  9x6  ins..  266  pp.. 
3  plates.  Ann  Arbor,  Mich..  1897.  Printed  for  the  Author  at  the 
Inland  Press.     Donated  by  the  Author. 

This  work  is  intended  by  the  Author  to  be  serviceable  after  class-room  work  is  con- 
cluded, and  is  arranged  for  reference,  with  that  end  in  view.  The  treatment  of  the 
subject  is  largely  graphical.  All  the  constructions  are  simple.  The  notation,  through- 
out, is  practically  uniform,  and  is  that  used  by  several  standard  authors.  The  Contents 
are:  Action  of  a"  Piece  under  Direct  Force:  Materials:  Beams:  Torsion:  Moments  of 
Inertia:  Flexure  and  Deflection  of  Simple  Beams:  Restrained  Beams:  Continuous  Beams: 
Pieces  under  Tension:  Compression  Pieces:  Safe  Working  Stresses:  Internal  Stress. 
Change  of  Form:  Rivets:  Pins:  Envelopes:  Plate  Girder:  Earth  Pressure:  Details  in 
Wood  and  Iron.    There  is  an  index  of  three  pages. 
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MEMBERSHIP. 


ADDITIONS. 


Date  of 
Membership. 


Baenes,  Thomas  Howabd 

City  Eng.,  Medford,  Mass Oct.       4,  1899 

Harlow,  Geoege  Richardson 

Engineer  Penna.  Water  Co.,  Wilkinsburg,  Pa Nov.     1,  1899 

Maclennan,  John  Donald 

527  Garfield  Bldg.,  Cleveland,  Ohio Oct.       4,1899 

Meeeyman,  William  Cubtis 

Brunswick,  Me Oct.      4,  1899 

Sullivan,  John  G 

Prin.  Asst.  Engr.,  Canadian  Pacific  Ry.  Co.,  Trail,  B.  C. 
Canada Sept.    6,  1899 

SUMNEB,    HOBACE    AUGUSTUS 

Chief  Eng.,  El  Paso  and  Northeastern  Ry.,  Alamogordo, 

N.Mex Oct.      4,  1899 

Till,  Joseph 

Eng.,  N.  P.  Ry.,  Freeburg,  Minn Oct.       4,1899 

Van  Oenum,  John  Lane , 

v,     e      n-        -c  w    .•      ,        tt   •        a     \  Assoc.  M.     Oct.      3,  1894 

Prof.,    Civ.     Eng.,     Washington    Univ.,    St.  J  '    „ 

Louis,  Mo.... .|M-  0ct-       *'18" 

associate  membees. 

Bowen,  Edmund  Ignatius 

Roadniaster,    Allegheny   Div.,  Erie  R.  R.,  Hornellsville, 

N.  Y   Nov.    1,1899 

Buens,  James  Feeguson  r 

Asst.  Eng.,  Louisville   and  Nashville  R.  R..  J '       "  '     ,  ,„ 

„     ,  -       •„      v  )  Assoc.  M.     Sept.    6,1899 

Hopkmsville,  Ky I  r 

Cox,  Leonard  Martin 

Civil  Eng.,  U.  S.  Navy,  New  York  Navy  Yard,  New  York 

City Oct.  4,  1899 

Dingle,  James  Hervey                                                 i  Jun.  April  30,  1895 

City  Surveyor,  Charleston,  S.  C j  Assoc.  M.  Oct.  4,  1899 

Shoemaker,  Louis  Henry 

Asst.  Eng.,  Passaic  Rolling  Mill  Co.,  Paterson,  N.  J Oct.  4,  1899 

Spencer,   Walter  Tuttle                                           j  Jun.  May  2,  1893 

Guilford,  Conn 1  Assoc.  M.  Oct.  4,1899 

Stratton,  George  Deapee 

Box  77,  Woodland,  Yolo  Co.,  Cal Oct.  4,  1899 

Swaab,  Solomon  Mask                                                 j  Jun.  May  5,  1898 

Room,  536  City  Hall,  Philadelphia,  Pa (  Assoc.  M.  Nov.  1,  1899 

Towle,  Chaeles  Stewabt 

220  Broadway,  New  York  City May  3,  1899 
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ASSOCIATE. 

Date  of 
Maignen,  Jean  Prosper  Atjguste  Membership. 

1310  Arch  St.,  Philadelphia,  Pa Oct.      3,  1899 

JUNIORS. 

Bodton,  George  Harold 

69  Danforth  Ave.,  Jersey  City,  N.  J May      2,  1899 

Fisher,  Wager 

Axton,  Franklin  Co.,  New  York Oct.      3,  1899 

CHANGES  OF  ADDRESS. 

corresponding  member  : 

Gletm,  Charles  Otto DorotheeDstr.   184,  Hamburg,  Winterbude, 

Germany. 

MEMBERS. 

Adgate,  George 734  Stock  Exchange  Bldg.,  Chicago,  111. 

Allen,  Kenneth Hydr.    and    Sanitary   Eng.,    742   Equitable 

Bldg.,  Baltimore,  Md. 
Caples,  Martin  Joseph Care  of  W.  M.  Bitter,  Schultz  Bldg.,  Colum- 
bus, Ohio. 
Cappelen,  Frederick  William.  .  .  Havilah,  Kern  Co.,  Cal. 
Carter,  Oberlin  Montgomery . . .  .Care  cf  R.  E.  Westcott,  19  Park  Place,  New 

York  City. 

Comstock,  Cyrus  Ballou 34  West  25th  St.,  New  York  City. 

Darrach,  Charles  Gobrecht 945  Drexel  Bldg.,  Philadelphia,  Pa. 

Himes,  Albert  James 72  East  Oneida  St.,  Oswego,  N.  Y. 

Jaques,  William  Henry 50  Commonwealth  Ave.,  Boston,  Mass. 

Johnson,  Francis  Robert Public  Works  Dept.,  Caledon  Square,  Cape 

Town,  South  Africa. 
McCool,  Daniel Pres.,  Newaygo  Portland  Cement   Co.,  Ne- 
waygo, Mich. 
Sabin,  Alpheus  Timothy Asst.  Eng.,  111.  Cent.  B.  B.  Co.,  Covington, 

Tenn. 
Scott,  Ernest  Kay Care    of  Universal  Const.  Co.,  50  Wabansia 

Ave.,  Chicago,  111. 

Simpson,  George  Hume 5727  Rural  St.,  Pittsburg,  Pa. 

Stuart,  Fbancis  Lee Isthmian    Canal    Commission,     Greytown, 

Nicaragua. 
Vaughan,  George  Washington.  .  .67  Streater  Ave.,  Cleveland,  Ohio. 
Warner,  Edwin  Hall Ralston   &  Warner,   Engineers,    Republic, 

Wash. 

Wheeler,  Ebenezer  Smith  U.  S.  Engr.  Office,  Detroit,  Mich. 

Wiley,  Andrew  Jackson Eng.,  Owyhee   Land   and  Irrig.  Co.,  Boise, 

Idaho. 
York,  Herbert  Waldo Chf.  Engr.,    United  States    Elec.   Light  & 

Power  Co.,  43  East  23d  St.,  New  York  City. 
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ASSOCIATE    MBMBEBS. 

Baldwin,  Eenkst  Howard Asst.    Eng.,   Met.    Water  Board,   Boylston, 

Mass. 
Boateite,  James  Edwin Judson   Hotel,   Washington    Square,    New 

York  City. 

Bobight,  William  Parsons 1428  North  Bouvier  St.,  Philadelphia,  Pa. 

Chase,  Frank  Ltnton Fern  Bank,  Ohio. 

Connor,  Edward  Hanson Eng.,    Missouri    Valley  Bridge    and    Iron 

Works,  Leavenworth,  Kans. 
De  Witt,  Elmore  Civil   Eng.,    The   Penna.   Steel    Co.,    348 

Spruce  St.,  Steelton,  Pa. 
Homan,  William  MacLean Care   of  D.    McCall,    10  Rosslyn    Terrace, 
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By  Allen  Hazen,  Assoc.  M.  Am.  Soc.  C.  E. 
To  be  Presented  January  3d,  1900. 


Historical. 

Albany,  N.  Y.,  was  originally  supplied  with  water  by  gravity  from 
certain  reservoirs  on  small  streams  west  and  north  of  the  city.  In 
time,  with  increasing  consumption,  the  supply  obtained  from  these 
sources  became  inadequate,  and  an  additional  supply  from  the  Hudson 
Kiver  was  introduced.  The  water  was  obtained  from  the  river  through 
a  tunnel  under  the  Erie  Basin,  and  a  pumping  station  was  erected  in 
Quackenbush  Street  to  pump  it  to  reservoirs,  one  of  which  served 
also  as  the  distributing  point  for  one  of  the  gravity  supplies.  The 
intake,  which  was  used  first  in  1873,  drew  water  from  the  river  op- 
posite the  heart  of  the  city.  In  recent  years,  the  amount  of  water 
drawn  from  this  source  has  greatly  exceeded  that  obtained  from  the 
gravity  sources. 

Some  of  the  city  sewers  enter  the  river  above  the  intake,  but  most 
of  them  are  below  it.  In  times  of  flood,  the  water  thus  obtained  was 
polluted  by  the  sewage  of  only  a  few  of  the  city  sewers.  At  low- 
water  stages,  however,  owing  to  the  tidal  currents,  the  water  con- 
tained  much  sewage,  which  was  carried  up  stream  to  the  intake,  and 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published  in  a 
subsequent  number  of  Proceedings,  and,  when  finally  closed,  the  papers  with  discussion 
in  full  will  be  published  in  the  volumes  of  Transactions. 
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the  sewage  of  the  city  was  thus  present,  in  very  considerable  amount, 
in  its  own  water  supply. 

In  addition  to  the  local  sources  of  pollution,  the  river  received 
the  sewage  of  Troy  and  the  surrounding  cities,  7  or  8  miles  above, 
and  the  sewage  of  Schenectady,  Utica,  Rome,  and  many  other  places 
farther  away. 

Under  these  conditions  the  typhoid  fever  death  rate  in  Albany  was 
excessive.  Professor  W.  P.  Mason,  of  Troy,  made  a  report  upon  the 
quality  of  the  water  to  the  Water  Board  in  1885,  in  which  he  stated 
in  unmistakable  terms  that  the  water  as  then  used  was  a  source  of 
disease,  and  should  be  abandoned  at  the  earliest  practicable  date. 

Following  this,  an  attempt  was  made  to  secure  a  ground-water 
supply,  but  without  results.  Studies  were  then  made  for  gravity 
sources  of  supply,  mentioned  in  the  reports  of  the  Board  of  Water 
Commissioners  for  the  years  1891  to  1893. 

Failing  to  secure  the  necessary  legislation  to  introduce  a  gravity 
supply,  the  Board,  in  1896,  investigated  methods  of  purifying  the 
present  supply.  The  matter  was  studied  by  the  Board  and  by  its 
Superintendent,  George  I.  Bailey,  M.  Am.  Soc.  C.  E.,  and  the  author 
was  engaged,  in  January,  1897,  to  examine  the  studies  which  had  been 
made,  and  to  report  upon  the  projects  presented.  This  report,  pre- 
sented to  the  Board  in  February,  1897,  recommended  the  general 
scheme  previously  outlined  by  the  Superintendent,  namely,  to  abandon 
the  present  intake,  and  to  establish  a  new  one  at  a  point  about  two 
miles  farther  up  the  river,  at  a  point  above  all  the  local  sources  of 
pollution,  and  to  pump  the  water  by  low-lift  pumps  to  a  settling 
basin,  from  which  it  would  flow  to  sand  filters,  and  thence  through 
a  pure-water  conduit  to  the  present  pumping  station  in  Quackenbush 
Street. 

Among  other  considerations,  taken  into  account  in  determining 
upon  this  site,  was  the  fact  that  the  present  high-service  reservoir  is 
not  at  a  sufficient  elevation  to  supply  properly  the  highest  parts  of 
the  city,  although  it  is  on  the  highest  ground  in  its  immediate  neigh- 
borhood. It  will  be  necessary  ultimately  to  construct  a  new  high- 
service  reservoir,  and  the  most  available  location  for  it  is  upon  land 
about  H  miles  northeast  of  the  present  Prospect  Hill  Reservoir,  where 
there  is  an  excellent  site  directly  back  of  that  recommended  for  the 
filters;  so  that  when  it  becomes  necessary  to  construct  the  reservoir, 
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the  most  advantageous  location  for  a  pumping  station  to  supply  it 
will  be  close  to  the  filters. 

The  report  was  accepted,  the  recommendations  adopted,  and  the 
necessary  funds  were  provided;  and,  in  July,  1897,  the  preparation  of 
plans  was  begun. 

As  the  pure-water  conduit  was  to  be  placed  in  the  Erie  Canal,  and 
as  the  work  of  constructing  it  necessarily  had  to  be  done  during  the 
season  of  closed  navigation,  plans  for  this  part  of  the  work  were 
prepared  first.  The  contract  was  let  to  Messrs.  Hilt,  Johnson,  Fitz- 
gerald <fe  Mulderry  in  November,  1897,  and  that  part  of  the  work  under 
the  canal  was  completed  before  navigation  opened,  May  1st,  1898. 

Plans  for  the  filters  and  sedimentation  basin  were  completed  in 
January,  1898,  and  the  contract  was  awarded  in  February  to  Messrs. 
T.  Henry  Dumary  and  the  Wilson  and  Baillie  Manufacturing  Company, 
who  commenced  work  under  their  contract  in  April;  but,  owing  to 
various  reasons  connected  with  the  installation  of  a  very  elaborate 
contractors'  plant,  work  was  not  pushed  actively  by  them  until  August, 
1898.  Contracts  for  the  pumping  machinery,  and  for  the  pumping 
station  and  intake,  were  let  to  the  PrindlePump  Company  and  to  Stone 
&  Thurston,  respectively,  in  June  and  August,  1898,  and  the  work  was 
carried  out  during  the  fall  and  winter.  Gates  and  all  special  valves 
were  furnished  by  the  Eddy  Valve  Company.  The  work  was  suffi- 
ciently advanced  so  that  a  part  of  the  plant  was  put  in  operation  on 
July  27th,  1899.  The  old  intake  was  closed  on  September  6th,  1899, 
since  which  time  no  unfiltered  river  water  has  been  jmrnped  to  the  city. 

Source  of  Supply. 

The  Hudson  River,  at  the  point  of  intake,  has  a  drainage  area  of 
8  240  square  miles.  Of  this,  4  570  square  miles  are  tributary  to  the 
Hudson  above  Troy,  3  502  are  tributary  to  the  Mohawk,  and  168  are 
tributary  to  the  Hudson  below  the  Mohawk. 

The  average  annual  flow  of  the  streams  probably  amounts  to  at 
least  1  000  000  galls,  per  square  mile  per  day,  or  over  8  000  000  000 
galls,  per  day.  The  minimum  flow  is  only  a  small  fraction  of  this 
amount.  No  gaugings  of  the  river  at  this  point  are  available.  George 
W.  Rafter.  *  M.  Am.  Soc.  C.  E.,  has  made  a  study  of  the  flow  of  the 
Upper  Hudson,  and  estimates  the  minimum  flow  at  Glens  Falls  at  0.24 
*  Report  of  the  State  Engineer  and  Surveyor  for  1895,  p.  119. 
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cu.  ft.  per  second  per  square  mile  of  tributary  drainage  area.  Assum- 
ing that  this  figure  applies  to  the  whole  of  the  Hudson  above  Troy, 
and  taking  a  somewhat  lower  figure,  namely,  0.15  cu.  ft.  per  second 
per  square  mile,  for  the  discharge  of  the  Mohawk  and  of  the  Hudson 


WATERSHED  OF  HUDSON  RIVER  ABOVE  INTAKE 

Note:- Circles  show  population  in  1880,1890.and  estimated 
population  for  1900.  A  single  circle  indicates  no 
growth  or  very  slow  growth. 
SCALE 


100  KILOMETERS 


Fig.  1. 
below  Troy,  we  arrive  at  a  minimum  flow  of  the  Hudson  at  Albany  of 
1  657  cu.  ft.  per  second,  or  1  060  000  000  galls,  per  24  hours,  being,  in 
round  numbers,  100  times  the  average  amount  of  water  now  taken  from 
the  river  for  water-works  purposes,  and  at  least  50  times  the  maximum. 
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Pollution  of  the  Raw  Water. — Table  No.  1  gives  the  names  of  the 
cities  and  larger  towns  upon  the  river  above  the  intake,  with  estimated 
populations  and  distances.  The  largest  of  these  places  are  also  shown 
upon  the  inap  of  the  water-shed,  Fig.  1. 

TABLE  No.  1. — Cities,  Towns  and  Villages  on  the  Water-Shed  of 
the  Hudson  Btver  above  Albany,  with  Populations  of  1  000 
and  Over. 


County. 

Approxi- 
mate 

distance 
above 
intake. 
Miles. 

Population 

ln  : 

Place. 

1880. 

1890. 

1900. 
(Estimated.) 

Troy 

Rensselaer  . . . 

Albany 

Rensselaer  . . . 

Rensselaer  . . . 

Rensselaer  . . . 
Schenectady  . 

Washington. . 
Washington . . 
Rensselaer  . . . 
Montgomery  . 
Washington. . 
Washington. . 

Warren 

Saratoga 

Montgomery. 
Montgomery . 

Fulton 

Bennington  . . 

Fulton 

Montgomery. 
Berkshire 

Berkshire 

Warren 

Schoharie .... 
Montgomery. 

Schoharie 

Montgomery. 

Schoharie 

Berkshire 

Warren 

Herkimer 

Herkimer 

Herkimer 

Herkimer 

Herkimer 

Oneida 

Oneida 

4 
4 
5 
5 
8 
8 
19 
27 
28 
32 
39 
43 
44 
44 
45 
46 
49 
49 
51 
51 
54 
54 
56 
56 
58 
63 
63 
64 
68 
68 
68 
69 
73 
74 
74 
75 
83 
83 
90 
91 
93 
95 
104 
107 
108 

56  717 

8  820 
4  160 

(  1  822) 
19  416 

7  432 
1265 

(  1  258) 
13  655 

1  617 
1231 
4  680 
4  530 

9  466 
1482 

2  487 

4  900 
1083 

8  421 

3  011 
881 
944 

5  013 
(  3  971) 

7  133 

2  013 

3  394 
510 

10  191 
468 
1  188 
2443 
1  123 
1072 
1  222 

5  591 
748 

6  910 
(  1353) 

1441 
3  711 
1085 

33  914 
1370 

(  1  195) 

710 

597 

1236 

12  194 

(  1734) 

60  956 

12  967 
4  463 
1822 

22  509 

10  550 
2  679 
1258 

19  002 
1387 
1663 
4  424 
7  014 

17  336 
1598 

2  895 
9  509 
1  606 

11  975 

3  527 
1  122 

1  190 

7  768 

3  971 

13  864 

2  089 

4  221 
1222 

16  074 
868 
1028 
2  864 
1139 
1263 

1  822 
9  213 

893 

8  783 
(  1  353) 

1806 
4  057 

2  291 
44  007 

1663 

1  195 

912 

860 

1  269 

14  991 
1734 

65  470 

19  040 

4  788 

(  1  822) 

26  450 

14  980 

5  358 

(  1  258) 

26  450 

1  190 

2  247 

Fort  Edward 

4  182 

10  860 

Amsterdam 

31  730 

Cambridge 

1  723 

Sandy  Hill 

3  371 

Glens  Falls 

18  450 

South  Glens  Falls 

Saratoga  Springs 

Ballston  Springs 

Fultonville 

2  387 

17  010 

4  131 

1  439 

Fonda 

1  500 

12  040 

Gloversville 

(  3  971 ) 
26  930 

2  168 

Williamstown,  Mass.  . . 
Corinth 

5  250 

2  444 

North  Adams,  Mass 

Luzerne 

25  340 
1  610 

Schoharie 

889 

Fort  Plain 

Middlebui  g 

Cobleskill 

Adams,  Mass 

Warrensburg 

3  358 
1  155 

1  488 

2  717 
15  181 

1  073 

Little  Falls 

11  160 

Herkimer 

(  1  353) 

Mohawk  

2  264 

Ilion 

4  436 

Frankfort 

4  582 

Utica 

57  090 

Whitesboro 

2  018 

New  York  Mills 

New  Hartford  Mills  . . . 

(  1  195) 
1  171 

Oriskany 

Oneida 

Oneida 

Oneida 

Oneida 

111 
121 
121 

127 

1  239 

Clinton 

1  303 

Rome 

18  430 

Waterville 

(  1  734) 

Total,  not  including  rui 

•al  population 

272  838 
33 

354  672 
43 

479  415 

Per  square  mile 

59 

Papers.]  HAZEN   ON   ALBANY  FILTRATION"   PLANT. 


753 


HUDSON  RIVER 

NEAR  INTAKE 


I  u  U  u  u  u 


SCALE  OF  MILES 


MMU 


KILOMETERS 


5  6  7 


Fig.  2. 
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TABLE  Xo.  2. — Bacterial  Examinations  of  \Yater  from  Main  Chan- 
nel and  from  Back  Channel  at  Proposed  Points  of  Intake. 


Hour. 

Approximate 

state 

of  tide. 

Back  Channel. 

Main  Channel. 

Date. 

Turbidity. 

Bacteria. 

Turbidity. 

Bacteria. 

>- 

3.00  p.m. 

11.00  a.  m. 
7.15  a.  m. 
8.00    - 

12.00  k. 

1.30  p.m. 

7.00  a.m. 
9.20    •• 
11.40     - 
2.00  p.  m. 
4.20    - 
6.40     " 
2.00  p.m. 
2.30     ■• 

9.00  a.  m. 
10.00    ■■ 
11.00  a.  m. 
12.00  m. 
11.00  a.m. 
12.00  m. 

2  250 

1  927 

1  970 

April    13.. 
20 

High 

High 

20 

2  165 

June 

High 

0.04 
0.09 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 

400 
350 

1  COO 
760 
600 
300 

1  400 
640 

2  200 

20 

825 

24.. 

0.04 
0.04 

0.04 
0.04 
0.04 
0.04 
0.03 

1  040 

1  120 

Nearly  high 

After  "high 

1  040 

4  000 

5  200 

3  600 

29 

2  040 

High... 

H.04 

860 

July       7 

High 

0.03 

4  360 

After  high 

Nearly  high 

FaUing 

0.04 
0.03 
0.04 

560 

17  926 

18  724 

13  Toil 

20  200 

11  275 
17  286 

12  744 
11  860 

14  700 
22  750 

19  760 
5  260 
9  700 

13.. 

0.03 

16  780 

21.. 

0.03 

13  759 

29 

15  230 

16  070 

20              

7  280 

•27 

16  750 

Sept       2 

9  640 

8 

11  289 

13..  

14  366 

26 

17  280 

Oct         1 . . 

16  BOO 

3  724 

21 

6  240 

Nov.       4 

3  560 

9. 

8  760 

Without  entering  into  a  detailed  discussion,  it  may  be  said  that  the 
amount  of  sewage,  with  reference  to  the  size  of  the  river  and  the  volume 
of  flow,  is  a  fraction  less  than  that  at  Lawrence,  Mass.,  where  a  filter 
plant  has  also  been  constructed,  but  the  pollution  is  much  greater 
than  that  of  most  American  rivers  from  which  municipal  water  sup- 
plies are  taken. 

Position  of  Intake. — The  general  form  of  the  river  channels  near  the 
new  plant  is  shown  in  Figs.  2  and  3.  Opposite  the  plant  is  a  long, 
narrow  island.  The  land  upon  which  the  filter  plant  is  built  fronts 
the  back  channel  of  the  river.  This  back  channel  carried  formerly  a 
considerable  proportion  of  the  river's  flow,  but,  to  improve  navigation, 
the  United  States  Government  has  constructed  a  dike,  the  top  of  which 
is  about  5  ft.  above  low  water,  and  this  dike  cuts  off  most  of  the  flow 
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through  this  channel  at  ordinary  river  stages.  At  flood  stages  the  dike 
is  overtopped,  and  the  channel  takes  a  large  amount  of  -water. 

The  question  arose  as  to  whether  to  build  an  intake  across  the  back 
channel  and  the  island  to  the  main  channel  of  the  river,  or  to  take 
water  from  the  more  convenient  back  channel.  Each  point  had  its 
advantages.  To  determine  the  relative  character  of  the  water,  examina- 
tions were  made  by  Dr.  George  Blumer,  of  the  Bender  Hygienic 
Laboratory,  of  Albany.  The  most  important  of  the  results  of  these 
examinations  are  shown  in  Table  No.  2. 

The  results,  up  to  July  7th,  are  normal,  and  represent  the  condi- 
tion of  the  water  as  it  would  be  ordinarily.  Afterward,  commencing 
July  9th,  the  contractors  dumped  sand  and  gravel  in  the  back  chan- 
nel, and  took  it  up  again  by  dredging,  for  construction  purposes,  with 
the  result  that  this  water  was  fouled,  and  the  samples  taken  after  that 
time  do  not  represent  its  normal  condition. 

The  results,  up  to  July  7th,  showed,  in  a  general  way,  that  the 
water  in  the  back  channel  was  considerably  better  than  that  in  the 
main  channel.  Occasionally,  there  was  but  little  difference,  and  this 
would  always  be  the  case  when  the  river  was  in  flood.  At  no  time  was 
the  water  in  the  back  channel  materially  worse  than  in  the  main 
channel. 

One  of  the  city  sewers  enters  the  river  at  a  point  a  short  distance 
from  the  outlet  of  the  back  channel,  and  there  was  a  possibility  that 
sewage  therefrom  would  be  carried  up  the  back  channel  by  flood  tides. 
On  the  other  hand,  the  water  in  the  main  channel  had  come  directly 
from  the  Troy  sewers,  while  that  in  the  back  channel  was  more  or  less 
completely  cut  off  from  the  main  current,  and  was  moved  back  and 
forth  by  the  tides,  and  opportunities  for  natural  purification  were 
present  in  greater  degree  than  in  the  main  channel.  These  conditions, 
apparently,  more  than  offset  the  possible  admixture  of  fresh  sewage. 

The  plan  finally  presented  was  to  build  two  intakes  independent  of 
each  other,  one  to  each  channel,  and  connected  with  the  pumping 
station  separately;  but,  in  view  of  the  superior  average  quality  of  the 
water  in  the  back  channel,  up  to  the  time  of  letting  the  contract  for 
the  intake,  it  was  decided  to  construct  at  first  only  the  intake  in  the 
back  channel,  and  put  in  a  stub  for  the  other  intake,  the  construction 
of  which  was  to  be  deferred  until  such  time  as  might  seem  necessary, 
or  indefinitely,  should  the  relative  qualities  of    the  raw  water  in  the 
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two   channels   remain   as   during  the  time  covered  by  the  foregoing 
examinations. 

Desceiption  of  Plant. 

The  filter  plant,  and  all  structures  connected  therewith,  are  shown 
in  Figs.  3  to  15,  and  this  description,  for  the  most  part,  will  be  limi- 
ted to  those  points  which  are  not  thus  shown. 

Intake. — The  intake  is  shown  by  Fig.  6,  and  consists  of  a  simple 
concrete  structure  in  the  form  of  a  box,  having  an  open  top  covered  with 
rails  6  ins.  apart,  and  connected  below,  through  a  36-in.  pipe,  with  a 
well  in  the  pumping  station.  Before  going  to  the  pumps  the  water 
passes  through  a  screen  with  bars  2  ins.  apart,  so  arranged  as  to  be 
raked  readily.  The  rails  over  the  intake  and  this  screen  are  in- 
tended to  stop  matters  which  might  obstruct  the  passageways  of  the 
pumps,  but  no  attenrpt  is  made  to  stop  fish,  leaves  or  other  floating 
matters  which  may  be  in  the  water.  The  arrangement,  in  this  respect, 
is  like  that  of  the  filter  at  Lawrence,  Mass.,  where  the  raw  water  is  not 
subjected  to  close  screening.  There  is  room,  however,  to  place  finer 
screens  in  the  pump  well,  should  they  be  found  desirable. 

Pumps. — The  centrifugal  pumps  were  built  for  the  Prindle  Pump 
Company  at  the  Lawrence  Machine  Shop.  They  have  a  guaranteed 
capacity  of  16  000  000  galls,  per  24  hours  against  a  lift  of  18  ft. ,  or 
12  000  000  galls,  per  24  hours  against  a  lift  of  24  ft.,  corresponding  to  a 
water-horse-power,  in  either  case,  of  50.5.  The  ordinary  pumping  at 
low  water  is  against  the  higher  lift,  and  under  these  conditions  either 
pump  can  supply  the  ordinary  consumption,  the  other  pump  being 
held  in  reserve.  The  plant  is  arranged,  however,  so  that  if  for  any 
reason  a  large  quantity  of  water  is  required  when  only  one  pump  can 
be  used,  water  can  be  pumped  direct  to  the  filters  against  the  lower 
head,  in  which  case  one  pump  will  deliver  a  larger  quantity,  up  to 
16  000  000  galls.,  the  full  nominal  capacity  of  the  plant. 

The  boilers  were  built  by  James  Hunter,  of  Albany,  and  are  of  the 
vertical  tubular  type,  each  of  100  H.-P.  The  engines  are  connected 
directly  to  the  pumps,  and  were  built  by  the  Watertown  Engine  Com- 
pany. The  plant  is  supplied  with  Dean  condensers,  feed-water  filter, 
and  other  appurtenances.  The  whole  plant  is  in  duplicate,  either  half 
of  which  is  capable  of  supplying  the  ordinary  consumption,  or  the 
consumption  up  to  the  limit  of  capacity  of  the  filters  under  the  above- 
mentioned  conditions. 
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The  pumping  station  building,  to  a  point  above  the  highest  flood- 
level,  is  of  massive  concrete  construction,  •without  openings.  Xearly 
all  the  machinery  is  necessarily  below  this  level,  and  in  high  water 
the  sluice  gates  are  closed,  and  the  machinery  is  thus  protected  from 
flooding.  The  superstructure  is  of  pressed  brick,  with  granite 
trimmings.  The  general  form  of  the  pumping  station  and  the  arrange- 
ment of  the  pumping  machinery  are  shown  in  Fig.  7.  A  distant  view 
of  the  building  is  shown  in  Fig.  1.  Plate  XTV. 

Mder  for  E  W<  ter. — Upon  leaving  the  pumping  station  the 
water  passes  through  a  36-in.  Yenturi  meter  having  a  throat  diameter 
of  17  ins.,  the  throat  area  being  two-ninths  of  the  area  of  the  pipe. 
The  meter  records  the  quantity  of  water  pumped,  and  is  also  arranged 
to  show  on  gauges  in  the  pumping  station  the  rate  of  pumping. 

■  ition. — After  leaving  the  meter,  the  water  passes  to  the  sedi- 
mentation basin  through  eleven  outlets.  These  outlets  consist  of 
12-in.  pipes  on  end.  the  tops  of  which  are  4  ft.  above  the  nominal  flow 
line  of  the  sedimentation  basin.  Each  of  these  outlet  pipes  is  pierced 
with  -  -.tending  from  0.5  to  3.5  ft.  below  the  top  of 

the  pipe.  These  holes  are  computed  so  that  when  11  000  000  galls,  of 
water  per  day  are  pumped,  all  the  water  will  pass  through  the  holes, 
the  water  in  the  pipes  standing  flush  with  the  tops.  The  water  is 
thus  thrown  out  in  3  256  small  streams,  and  becomes  aerated.  When 
more  than  the  above  amount  is  pumped,  the  excess  flows  over  the  tops 
of  the  outlet  pipes  in  thin  sheets,  which  are  broken  by  the  jets. 

Regarding  the  necessity  for  aeration,  no  observations  have  been 
taken  upon  the  Hudson  River,  but,  judging  from  experience  with  the 
Merrimac,  at  Lawrence,  where  the  conditions  are  in  many  respects 
similar,  the  water  is  at  all  times  more  or  less  aerated,  and,  for  the 
greater  part  of  the  year,  it  is  nearly  saturated  with  oxygen,  and 
aeration  is  not  necessary.  During  low  water  in  summer,  however, 
there  is  much  less  oxygen  in  the  water,  and  at  these  times  aeration  is 
a  distinct  advantage.  Further,  the  river  water  will  often  have  a 
slight  odor,  and  aeration  will  tend  to  remove  it.  The  outlets  are 
arranged  so  that  they  can  be  removed  readily  in  winter,  if  they  are 
not  found  necessary  at  that  season. 

—The    sedimentation   basin   has    an  area  of  5 

To  the  overflow,  it  has  a  capacity  of  14  600  000 

galls.,  and,  to  the  flow  line  of  the  filters,  8  900  000  galls.     There  is  thus 


Papers.] 


HAZEX    OX    ALB  AX  Y    FILTRATIOX    PL  A  XT. 


761 


II 


oO 


— j 

t- 

b 

p 

- 

ll 

1 

1 

1 
1 

1 
1 

1 

762  HAZEN   ON   ALBANY   FILTRATION"   PLANT.  [Papers. 

a  reserve  capacity  of  5  700  000  galls,  between  these  limits,  and  this 
amount  can  be  drawn  upon,  without  inconvenience,  for  maintaining 
the  niters  in  service  while  the  pumps  are  shut  down.  This  allows  a 
freedom  in  the  operation  of  the  pumps,  which  would  not  exist  with 
the  water  supplied  direct  to  the  filters. 

The  sedimentation  basin  is  built  on  the  river  bank,  largely  above 
the  natural  surface  of  the  soil.  The  sides  are  embankments  made  of 
clay  obtained  in  excavating  for  the  filters,  mixed  with  gravel  dredged 
from  the  river.  These  materials  were  put  down  in  alternate  3-in. 
layers,  wet,  and  harrowed,  and  were  rolled  with  3-ton  grooved  rollers 
on  the  top  of  each  gravel  layer  until  the  gravel  was  forced  down  into 
and  thoroughly  embedded  in  the  clay.  The  embankments  made  in 
this  way  are  extremely  solid,  stand  up  in  vertical  sections  when  cut, 
are  not  readily  washed,  and  no  leakage  through  them  has  appeared 
at  any  point.  The  outsides  of  the  embankments  are  covered  with  soil, 
and  the  inside  and  bottom  with  16  ins.  of  puddle,  which  is  protected 
from  frost  on  the  sides  by  covering  with  gravel,  above  which  is  a 
rough  blue-stone  pavement. 

The  puddle  was  made  by  mixing  equal  volumes  of  the  clay 
•obtained  in  excavating  for  the  filters,  and  mixed  sand  and  gravel 
obtained  from  the  river  by  dredging.  It  differed  from  the  material  of 
the  embankments  only  in  more  thorough  mixing,  and  greater  care  in 
placing.  The  materials  were  mixed  in  a  pug  mill.  It  was  soon  found 
that  the  best  mixing  was  secured  with  rather  large  quantities  of  water, 
while  the  best  ramming  required  that  the  materials  should  not  be  too 
wet.  Accordingly,  the  materials  were  mixed  wet,  given  a  preliminary 
ramming,  allowed  to  stand  two  or  three  days,  or  as  long  as  was 
necessary,  depending  upon  the  weather,  and  afterward  given  the  final 
ramming.  If  the  whole  became  too  dry,  in  the  interval,  it  was 
moistened  at  this  time.  The  puddle  was  put  down  in  three  layers, 
and  the  concrete  rested  directly  upon  it.  The  concrete  was  put  down 
in  blocks  about  7  ft.  square,  with  i-in.  joints,  extending  half-way 
from  top  to  bottom,  filled  with  asphalt.  The  maximum  rate  of 
placing  puddle  was  about  3  000  cu.  yds.  per  month. 

The  water  enters  the  sedimentation  basin  from  eleven  inlets  along 
one  side  and  is  withdrawn  from  eleven  outlets  directly  opposite.  The 
inlets  and  aerating  devices  described  previously  bring  the  water  into 
the  basin  without  current,   and  evenly  distributed   along   one  side. 
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Both  inlets  and  outlets  are  controlled  by  gates,  so  that  any  irregu- 
larities in  distribution  can  be  avoided.  The  floor  of  the  sedimenta- 
tion basin  is  built  with  even  slopes  from  the  toe  of  each  embankment 
to  a  sump,  the  heights  of  these  slopes  being  1  ft.,  whatever  their 
lengths.  The  sump  is  connected  with  a  24-in.  pipe  leading  to  a  large 
manhole  in  which  there  is  a  gate  through  which  water  can  be  drawn 
to  empty  the  basin.  There  is  an  overflow  from  the  basin  to  this  man- 
hole, which  makes  it  impossible  to  fill  the  basin  above  the  intended 
level.  A  section  of  the  embankment  about  the  sedimentation  basin 
and  other  details  are  shown  in  Fig.  8.  The  method  of  placing  the 
concrete  floors  is  shown  in  Fig.  2,  Plate  XII,  while  a  view  of  a  portion 
of  the  finished  basin  in  use  is  shown  in  Fig.  1,  Plate  XIV. 

When  the  basin  is  being  cleaned,  the  supply  is  maintained  by  open- 
ing the  by-pass  from  the  pumps  to  the  filters  and  pumping  to  them 
direct.  Cleaning  can  be  done  during  periods  of  continued  clear 
weather,  such  as  occur  in  the  summer  and  fall,  without  the  slightest 
detriment  to  the  filters,  and  it  will  not  be  necessary  to  clean  them 
oftener  than  once  a  year. 

No  special  provision  is  made  for  flushing  out  the  mud;  but,  by 
opening  the  gates  on  the  inlet  and  outlet  pipes,  water  can  be  intro- 
duced at  twenty-two  points  along  two  sides  of  the  basin,  and  it  is 
believed  that  this,  with  the  slope  of  the  bottom,  will  be  sufficient  to 
enable  the  mud  to  be  swept  out  readily. 

Filters. — The  filters  are  of  masonry,  and  are  covered  to  protect 
them  against  the  winters,  which  are  quite  severe  in  Albany.  The  piers, 
cross- walls  and  linings  of  the  outside  walls,  entrances,  etc.,  are  of  vit- 
rified brick.  All  other  masonry  is  concrete.  The  average  depth  of 
excavation  for  the  filters  was  4  ft.,  and  the  material  at  the  bottom  was 
usually  blue  or  yellow  clay.  In  some  places  shale  was  encountered. 
In  one  place  soft  clay  was  found,  and  there  the  foundations  were  made 
deeper. 

Floors. — The  floors  consisted  of  inverted,  groined,  concrete  arches, 
arranged  to  distribute  the  weight  of  the  walls  and  vaulting  over  the 
whole  area  of  the  bottom.  The  bottoms  were  put  in  in  alternate 
squares  running  diagonally  with  the  pier  lines,  as  shown  in  Fig.  1, 
Plate  X.  In  this  way  forms  could  be  used  giving  the  shape  of  the 
arches,  and  the  surface  of  the  concrete  was  brought  to  the  required 
form  by  screeds.     After  the  concrete  had  set,  the  forms  were  removed 


Papers.] 


HAZEN   ON   ALBANY    FILTRATION    PLANT. 


765 


766  HAZEN   ON   ALBANY   FILTRATION   PLANT.  [Papers. 

and  the  concrete  for  the  intermediate  blocks  was  placed,  using  screeds 
to  bring  the  surfaces  to  the  lines  given  by  the  blocks  already  in  posi- 
tion. The  foundations  for  the  outside  walls  were  put  in  in  alternate 
sections,  the  lengths  of  the  sections  being  usually  about  14  ft. 

Walls. — For  the  outside  walls  the  brick  linings,  8  ins.  thick,  were 
built  first  to  the  full  height.  A  certain  -number  of  bricks  were  laid 
endways,  and  projected  into  the  concrete.  The  jsrojecting  bricks 
occupied  about  4%"  of  the  area  of  the  wall.  Afterward,  wooden  forms 
were  put  up  on  the  outside,  and  the  concrete  backing  was  filled  in. 
Sections  of  the  walls  are  shown  in  Fig.  10.  The  arrangement  of  the 
projecting  brick  is  shown  in  Fig.  1,  Plate  XII,  which  also  shows  the 
outside  forms  for  the  concrete  wall  in  the  distance. 

In  stopping  the  day's  work  on  the  outside  walls,  the  concrete  was 
stepped  off,  the  horizontal  joints  being  made  at  least  four  times  as  long 
as  the  vertical  joints.  This  bonding  jjroved  adequate,  and  no  cracks 
have  followed  the  joints  made  in  this  way.  The  horizontal  joints  Avere 
strengthened  further  by  driving  a  wooden  stick  into  the  concrete 
before  stopping  the  work.  This  was  removed  afterward,  and,  when 
more  concrete  was  added,  it  formed  a  thick  tongue  in  the  old  work.  By 
using  sticks,  in  which  deep  grooves  were  cut,  and  with  a  slight  batter, 
they  could  be  taken  out  without  trouble  and  used  again  indefinitely. 

The  outside  walls  are  thus  practically  monolithic,  and  differ  in  this 
respect  from  the  floors  and  vaulting,  which  are  made  in  sections,  the 
dimensions  of  which  do  not  exceed  14  ft. 

Vaulting. — The  concrete  vaulting  was  placed  on  wooden  centers 
supported  on  wedges  which  could  be  knocked  out  after  the  concrete 
had  set,  so  that  the  centers  came  down  readily,  and  could  be  moved 
forward  and  used  again.  Some  of  the  centers  were  used  four  or  five 
times  in  the  course  of  the  work,  the  only  repairs  necessary  being  the 
patching  of  the  lagging,  and  they  were  in  good  order  at  the  end  of  the 
work.  The  vaulting  was  designed  with  a  clear  span  of  12  ft.,  a  rise  of 
2]  ft.,  and  a  thickness  of  6  ins.  at  the  crown,  but  the  clear  span  was 
reduced  to  11  ft.  11  ins.  to  fit  the  sizes  of  the  bricks  in  the  piers.  It 
was  put  in  in  squares,  the  joints  being  on  the  crowns  of  the  arches 
parallel  with  the  lines  of  the  piers,  and  each  pier  being  the  center  of 
one  square.  The  manholes  are  in  alternate  sections,  and  are  of  con- 
crete, built  in  steel  forms  with  castings  at  the  tops,  securely  jointed  to 
the  concrete. 
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As  the  centers  for  the  vaulting  were  moved  forward,  it  was  neces- 
sary that  they  should  fit  closely  the  piers  and  walls  in  their  new  posi- 
tions. The  lumber  for  the  centers  was  cut  by  machinery,  and  was  of 
uniform  dimensions.  Considerable  care  was  required  to  make  sure 
that  the  distances  between  the  piers,  and  between  the  piers  and  the 
walls,  should  always  be  exactly  right  to  fit  the  woodwork.  This  was 
accomplished  by  stopping  the  work  two  courses  before  the  top,  and 
giving  new  lines  and  grades  at  this  elevation,  after  which  the  two 
upper  courses  were  placed.  An  opportunity  was  thus  given  to  correct 
any  slight  variations  which  might  have  crept  in  below  this  level.  This 
procedure  was  much  facilitated  on  the  walls  by  projecting  the  upper 
courses  of  brick  about  h  in.,  making  a  slight  cornice.  Variations  of 
\  in.  or  so  below  this  level  do  not  show.  Such  projections  were  not 
used  on  the  piers  in  this  case,  but  their  use  would  have  added  to  the 
convenience  of  construction  and  the  appearance  of  the  finished  work. 

Above  the  vaulting  there  are  2  ft.  of  earth  and  soil,  grassed  on  top. 
The  tops  of  the  manholes  are  6  ins.  above  the  soil  to  prevent  rain 
water  from  entering  them.  The  drainage  of  the  soil  is  effected  by  a 
depression  of  the  vaulting  over  each  pier,  partially  filled  with  gravel 
and  sand,  from  which  water  is  removed  by  a  2-in.  tile  drain  going 
down  the  center  of  the  pier  and  discharging  through  its  side  just 
above  the  top  of  the  sand  in  the  filter.  The  saving  in  cost  by  this 
arrangement  was  considerable,  as  the  cost  of  the  drains  was  much  less 
than  that  of  the  concrete  which  would  have  been  necessary  to  fill  the 
areas  over  the  piers  had  any  other  system  been  adopted.  Further,  the 
water  entering  in  this  way  is  as  good  as  any  water  available,  and  there 
is  every  reason  for  adding  it  to  the  supply.  It  enters  the  supply  before 
it  passes  through  the  filters.  Sections  of  the  vaulting  are  shown  in 
Fig.  10;  details  of  the  centering  used  are  shown  in  Fig.  13.  In  Plate 
XI,  Fig.  1  shows  the  placing  of  concrete,  and  Fig.  2  gives  a  general 
view  of  the  vaulting  at  various  stages.  The  finished  vaulting  is 
shown  from  beneath  in  Plate  XIII,  Figs.  1  and  2. 

In  order  to  provide  ready  access  to  each  filter,  a  part  of  the  vault- 
ing near  one  side  is  elevated  and  made  cylindrical  in  shape,  making  an 
inclined  runway  from  the  sand  level  to  a  door,  the  threshold  of  which 
is  6  ins.  above  the  level  of  the  overflow.  This  sand-run  is  provided 
with  permanent  timber  runways  and  with  secure  doors. 

The  manholes  of  the  filters  are  provided  with  double  covers  of  steel 
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plates  to  exclude  the  cold.  The  covers  also  exclude  light.  When 
cleaning  the  filters,  light  can  be  admitted  by  removing  the  covers. 
Supports  for  electric  lights  are  placed  in  the  vaulting,  so  that  the  filters 
can  be  lighted  by  electricity  and  the  work  of  cleaning  can  be  done  at 
night,  and  in  winter  under  heavy  snow,  without  removing  the  covers. 
The  electric  lights  have  not  yet  been  installed.  The  supports  for  this 
purpose  are  castings,  which  were  put  at  regular  places  on  the  centers 
and  surrounded  by  concrete  in  the  vaulting.  They  are  strong  enough, 
and  are  placed  so  as  to  serve  for  an  overhead  carrier  system  for  remov- 
ing the  sand,  should  that  be  found  advantageous  in  the  future.  For 
the  present,  the  plan  is  to  run  out  the  sand  in  wheel-bai'rows,  as  is 
commonly  done  in  European  filter  plants,  and  thus  far  in  this  country. 
The  possibility  of  putting  overhead  rails  with  suspended  buckets  fox- 
carrying  out  the  dirty  sand  seemed  quite  promising,  but  prices  secured 
on  the  installation  of  machinery  were  so  great  as  not  to  justify  it  for 
the  removal  of  the  quantity  of  sand  estimated  as  necessary  to  be  taken 
out  from  the  filters. 

The  regulator  houses,  the  entrances  to  the  sand-runs,  and  all  exposed 
work  are  of  pressed  brick,  with  Milford  granite  trimmings  and  slate 
roofs.  The  regulator  houses  have. double  walls  and  double  windows, 
and  a  tight  ceiling  in  the  roof,  to  make  them  as  warm  as  possible  and 
to  avoid  the  necessity  of  artificial  heat  to  prevent  freezing. 

The  vaulting  is  similar,  in  many  respects,  to  that  of  the  covered 
filters  at  Ashland,  Wis.,  and  at  Somersworth,  N.  H.,  but  differs  from 
that  vaulting,  in  that  it  is  entirely  of  concrete  instead  of  brick 
backed  by  concrete. 

Underdrains. — The  main  underdrains  for  removing  the  filtered 
water  are  of  vitrified  pipe  surrounded  by  concrete,  and  are  entirely 
below  the  floors  of  the  filters.  These  drains  were  put  in  before  the 
construction  of  the  filters  was  commenced,  and  the  concrete  surround- 
ing them  was  brought  to  the  plane  of  the  bottom  of  the  foundations, 
so  that  when  the  floor  was  built  it  went  over  them  continuously,  with- 
out breaking  in  any  way  the  line  of  inverted  arches.  This  arrange- 
ment was  adopted  because  the  drains  would  have  been  in  the  way  if 
they  had  been  placed  entirely  above  the  floor,  and  if  any  part  of  the 
drain  had  been  placed  in  the  normal  floor-span  it  would  have  reduced 
the  strength  of  the  inverted  arches,  and  would  itself  have  bean  liable 
to  breakage  by  their  pressure.     As  the  surrounding  material  is  clay 
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or  tight  rock,  no  danger  of  loss  of  water  by  seepage  can  result  from 
this  arrangement. 

The  main  effluent  collectors  are  30-in.  vitrified  pipes,  reduced  by 
castings  to  20  ins.  at  the  outlets,  and  the  effluent  from  each  filter 
passes  through  a  20-in.  gate.  The  underdrains  are  made  much  larger 
than  would  ordinarily  be  required  for  carrying  the  quantities  of  water 
involved.  The  reason  for  this  is  that,  after  a  filter  has  just  been 
scraped,  the  friction  of  the  water  in  passing  the  sand  is  very  slight.  If 
the  friction  of  the  underdrainage  system  is  not  kept  very  low,  there 
will  be  so  much  loss  of  head  that  when  a  filter  is  started  the  pull 
exerted  at  remote  parts  of  the  filter  will  be  less  than  at  points  near 
the  outlet,  and  thus  the  parts  near  the  outlet  will  operate  at  rates 
which  are  too  high,  while  the  more  remote  parts  will  hardly  filter 
at  all,  and  the  resulting  purification  is  less  than  it  should  be.  The 
underdrainage  system  is  so  designed  that,  when  starting  a  filter  after 
cleaning,  the  friction  of  the  sand  is  about  50  mm.  at  a  rate  of  3  000  000 
galls,  per  acre  daily,  and  the  friction  of  the  underdrainage  system  is 
estimated  at  10  mm.  This  very  low  friction,  which  is  necessary,  is. 
obtained  by  the  use  of  ample  sizes  for  the  underdrains  and  low  veloci- 
ties in  them.  In  the  outlet  and  measuring  devices  moderate  losses  of 
head  are  not  objectionable,  and  the  sizes  of  the  pipes  and  connections 
are,  therefore,  smaller  than  the  main  underdrains. 

Connections  with  the  drain  are  made  through  thirty-eight  6-in. out- 
lets in  each  filter,  passing  through  the  floor  and  connected  with  6-in. 
lateral  drains  running  through  the  whole  width  of  the  filter.  These 
drains  were  made  with  pipes  having  one  side  of  the  bell  cut  off,  so  that 
they  would  lie  flat  on  the  floor  and  make  concentric  joints,  without  sup- 
port and  without  having  to  be  wedged.  They  were  laid  with  a  space 
of  about  1  in.  between  the  barrels,  leaving  a  large  opening  for  the  ad- 
mission of  water  from  the  gravel.  The  general  arrangement  of  the 
drainage  system  is  shown  in  Fig.  5.  Other  details  are  shown  in  Figs. 
9  and  10,  while  the  computed  frictional  resistance  of  one  filter  is  shown 
in  Fig.  11. 

Filter  Gravel. — The  gravel  surrounding  the  underdrains  is  of  three 
grades.  The  material  was  obtained  from  the  river-bed  by  dredging, 
and  was  of  the  same  stock  as  that  used  for  preparing  ballast  for  the 
concrete.  It  was  separated  and  cleaned  by  a  special,  cylindrical,  revolv- 
ing screen.     The  coarsest  grade  of  gravel  was   that  which  would  not 
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pass  round  holes  1  in.  in  diameter,  and  free  from  stones  more  than 
about  2  ins.  in  diameter.  At  first  it  was  required  to  pass  a  screen  with 
holes  2  ins.  in  diameter,  hut  this  screen  removed  many  stones  which 
it  was  desired  to  retain,  and  the  screen  was  afterward  changed  to  have 
holes  3  ins.  in  diameter.  The  intermediate  grades  of  gravel  passed  the 
1-in.  holes,  and  were  retained  by  a  screen  with  round  holes  f  in.  in 
diameter.  The  finest  gravel  passed  the  above  screens  and  was  retained 
by  a  screen  with  round  holes  -,-6-  in.  in  diameter.  The  gravel  was 
washed,  until  free  from  sand  and  dirt,  by  water  played  upon  it  during 
the  process  of  screening,  and  it  was  afterward  taken  over  screens  in 
the  chutes  where  it  was  separated  from  the  dirty  water,  and,  when 
necessary,  further  quantities  of  water  were  played  upon  it  at  these 
points. 

The  average  mechanical  analyses  of  the  three  grades  of  gravel  are 
shown  by  Fig.  14.  Their  effective  sizes  were  23,  8  and  3  mm. ,  respec- 
tively, and,  for  convenience,  they  are  designated  by  these  numbers. 
The  average  uniformity  coefficent  for  each  grade  was  about  1.8. 

The  23-mm.  gravel  entirely  surrounded  the  6-in.  pipe  drains,  and 
was  carried  slightly  above  their  tops.  In  some  cases  it  was  used  to 
cover  nearly  the  whole  of  the  floor,  but  this  was  not  insisted  upon. 

The  8-mm.  gravel  was  obtained  in  larger  quantity  than  the  other 
sizes,  and  was  used  to  fill  all  spaces  up  to  a  plane  2h  ins.  below  the 
finished  surface  of  the  gravel,  this  layer  being  about  2  ins.  thick  over 
the  tops  of  the  drains,  and  somewhat  thicker  elsewhere. 

The  3-mm.  gravel  was  then  applied  in  a  layer  2J  ins.  deep,  and  the 
surface  leveled.  The  grades  for  the  two  upper  gravel  layers  were 
shown  directly  by  the  joints  in  the  brick  work  of  the  piers. 

The  form  of  construction  made  it  best  to  put  a  lateral  drain  in  each 
section,  or  13  ft.  8  ins.  apart  on  centers.  The  drain  itself  occupies  7 
ins.,  and  the  longest  course  which  water  has  to  pass  in  the  gravel,  in 
any  event,  is  about  6J  ft.  This  distance  is  so  short  that  the  frictional 
resistance  of  the  filtered  water  in  passing  through  the  gravel  is 
extremely  small,  and,  therefore,  it  was  possible  to  vary  the  gravel 
sections  somewhat  according  to  the  relative  amounts  of  gravel  of  the 
several  grades  obtained  in  screening,  without  detriment  to  the  work. 
The  thickness  of  the  3-mm.  gravel  was  varied  between  2  and  2h  ins., 
according  to  the  supply  available,  and  similar  variations  were  made  in 
the  other  grades;  but  the  finished  surface  of  the  gravel  was  always  kept 
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at  the  same  elevation.  Typical  sections  of  the  arrangements  of  the 
gravels  are  shown  in  Figs.  10  and  11,  and  in  Fig.  1,  Plate  XIII.  The 
greatest  rate  at  which  gravel  was  obtained  and  placed  was  about  1  500 
cu.  yds.  per  month. 

Filter  Sand. — The  preliminary  estimates  of  cost  were  based  upon 
the  use  of  filter  sand  from  a  bank  near  the  filter  site.  Further  exam- 
ination showed  that  this  sand  contained  a  considerable  quantity  of 
lime,  and  it  was  found  by  experiment  with  a  small  filter  constructed 
for  that  purpose  that  the  use  of  this  sand  would  harden  the  water  by 
about  2  parts  in  100  000,  and  the  amount  of  lime  contained  in  the 
sand,  namely,  about  1%,  was  sufficient  to  continue  this  hardening 
action  for  a  considerable  number  "of  years.  This  was  regarded  as  a 
serious  objection  to  its  use,  and  the  specifications  were  drawn  limiting 
the  amount  of  lime  in  the  sand.  This  excluded  all  of  the  local  bank 
sands.  The  river  sands  which  were  used  were  nearly  free  from  lime,  and 
in  the  end  the  sand  as  secured  was  probably  not  only  free  from  lime,  but 
more  satisfactory  in  other  ways,  and  also  cheaper  than  the  bank  sand 
would  have  been. 

The  sand  was  obtained  from  the  river  at  various  places  by  dredg- 
ing. It  was  first  taken  up  by  dipper-dredges,  and  brought  in  scows 
to  a  point  in  the  back  channel  a  little  north  of  the  filter  plant.  It  was 
there  dumped  in  a  specially  prepared  place  in  the  bottom  of  the  river, 
from  which  it  was  lifted  by  a  hydraulic  dredge  and  pumped  through 
a  15-in.  pipe  an  average  distance  of  525  ft.  to  points  selected,  and 
varied  from  time  to  time,  on  the  flats  north  of  the  filters.  The  water 
containing  the  sand  was  then  put  through  screens  having  meshes  which 
excluded  all  stones  5  mm.  in  diameter  and  over,  and  was  then  taken 
into  basins  where  the  sand  was  deposited  in  conical-shaped  piles,  the 
water  running  over  the  surface  and  away.  The  boards  around  the 
edges  were  always  kept  so  low  as  to  prevent  ponding  and  the  conse- 
quent deposition  of  fine  particles  of  dirt  with  the  sand.  After  a  certain 
amount  of  sand  was  deposited  in  one  place,  the  point  of  discharge  was 
changed,  the  pile  drained,  inspected,  and,  if  found  satisfactory,  carried 
to  the  filters. 

As  the  work  progressed,  an  improvement  upon  this  method  was 
made.  Piles  were  driven  throughout  the  area  in  which  the  sand 
was  deposited,  a  bridge  was  constructed,  and  the  sand  trucks  passed 
over   it.     Sand  was  shoveled  continuously  into  the  trucks,  new  sand 
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Fig.  1. — Placing  the  Concrete  Vaulting. 


Fig.  2.— General  View  of  Vaulting,  Under  Construction. 
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taking  the  place  of  that  shoveled  out.  Afterward,  a  steam  dredge 
was  installed,  which  took  the  place  of  a  part  of  the  shovelers.  With 
this  arrangeniant  the  sand  was  delivered  constantly  in  one  place,  and 
the  necessity  for  changing  the  position  of  the  screen  was  avoided. 

A  considerable  amount  of  the  finer  part  of  the  sand  was  removed 
by  this  process  and  accumulated  below.  This  material  was  not  suit- 
able for  filter  sand  and  was  wasted.  Some  of  it  was  afterward  used 
for  filling.  The  gravel  removed  from  the  sand  was  used  under  the 
pavement  of  the  sedimentation  basin,  and  a  part  of  it  was  screened  for 
filter  gravel.  The  capacity  of  the  dredge  was  about  500  cu.  yds.  per 
day,  scow  measurement;  but  owing  to  the  losses  and  wastes,  and  the 
greater  compactness  of  the  sand  in  the  filters,  the  amount  of  sand 
secured,  as  shown  by  the  final  measurements,  did  not  exceed  7  500  cu. 
yds.  per  month. 

The  specifications  of  the  filter  sand  require  that : 

' '  The  filter  sand  shall  be  clean  river,  beach  or  bank  sand,  with 
either  sharp  or  rounded  grains.  It  shall  be  entirely  free  from  clay, 
dust  or  organic  impurities,  and  shall,  if  necessary,  be  washed  to 
remove  such  materials  from  it.  The  grains  shall,  all  of  them,  be  of 
hard  material,  which  will  not  disintegrate,  and  shall  be  of  the  follow- 
ing diameters:  Not  more  than  1%  by  weight,  less  than  0.13  mm,  nor 
more  than  10%*  less  than  0.27  mm.;  at  least  1Q%  by  weight  shall  be 
less  than  0.36  mm.  and  at  least  "0%,  by  weight,  shall  be  less  than 
1  mm.,  and  no  particles  shall  be  more  than  5  mm.  in  diameter. 
The  diameters  of  the  sand  grains  will  be  computed  as  the  diameters 
of  spheres  of  equal  volume.  The  sand  shall  not  contain  more  than 
2%,  by  weight,  of  lime  and  magnesia  taken  together  and  calculated  as 
carbonates." 

With  the  river  sand  and  the  method  of  handling  adopted  by  the 
contractors,  it  was  possible  to  control  the  quality  of  the  sand,  so  that 
the  specifications  were  complied  with.  In  the  lower  layers  of  two  of  the 
filters  a  little  sand  was  allowed  which  contained  a  few  particles  above 
5  mm.  in  diameter.  The  screens  were  adjusted  afterward  so  that  the 
largest  remaining  particles  were  less  than  4  mm.  in  diameter.  The 
filter  sand  has  effective  sizes  of  from  0.29  to  0.32  mm.,  averaging  0.31; 
and  uniformity  coefficients  from  2. 2  to  2.5,  averaging  2.3.  Its  mechani- 
cal composition  is  shown  by  the  diagram,  Fig.  14. 

The  sand  and  also  the  gravel  were  delivered  in  the  filters  through 
the  manholes,  temporary  plank  roadways  being  built  for  that  purpose. 
Trucks  carrying  \\  yds.,  with  a  pair  of  horses,  were  driven  over  the 
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vaulting  in  all  directions,  without  hesitation  and  without  damage  to 
it.  The  sand  was  dumped  on  plank  platforms  constructed  below. 
A  record  was  kept  of  all  the  planks  used  for  this  purpose,  and  they 
were  required  to  be  taken  up  in  the  presence  of  inspectors  after- 
ward to  prevent  the  possibility  of  leaving  any  of  them  in  the  filter. 
This  arrangement  necessitated  working  over  all  the  sand  under- 
neath the  points  of  dumping,  and  it  thereby  became  loosened  from 
the  excessive  packing  caused  by  dumping  it  from  a  height.  The 
sand  was  deposited  in  three  horizontal  layers,  so  that,  if  by  accident 
sand  of  unusual  quality  was  placed  at  any  point,  the  fame  kind  of 
sand  would  not  extend  from  top  to  bottom.  The  method  of  placing 
the  sand  in  layers  is  shown  in  Fig.  1,  Plate  XIII,  which  also  shows  the 
gravel  layers  and  a  lateral  underdrain  ;  while  a  completed  filter  with 
the  sand  smoothed  ready  for  use  is  shown  in  Fig,  2,  Plate  XIII. 

Sand-Washing  Apparatus. — Most  of  the  suspended  matters  in  the 
filtered  water  are  held  by  the  top  layer  of  sand,  and  this  layer  is  removed 
from  time  to  time.  The  dirty  sand  is  washed,  and  eventually  replaced 
in  the  filters.  Two  ejector  sand-washing  machines,  shown  in  Fig.  15, 
are  provided  at  convenient  places  between  the  filters.  In  them  the 
dirty  sand  is  mixed  with  water,  and  is  thrown  up  by  an  ejector,  after 
which  it  runs  through  a  chute  into  a  receptacle,  from  which  it  is  again 
lifted  by  another  ejector.  It  passes  in  all  through  five  ejectors,  part  of 
the  dirty  water  being  wasted  each  time.  The  sand  is  finally  collected 
from  the  last  ejector,  where  it  is  allowed  to  deposit  from  the  water. 

Sand  washers  of  this  kind  have  been  used  for  many  years  by  some 
of  the  London  water  companies,  and  more  recently  at  Hamburg;  and 
also  at  Lawrence  and  Poughkeepsie  in  this  country.  The  entire  cen- 
tral  court  between  the  filters  and  about  the  sand  washers,  shown  in 
Fig.  2,  Plate  XIV,  is  paved  with  brick  upon  a  concrete  foundation,  and 
affords  a  convenient  space  for  handling  and  storing  sand. 

Inlets  to  Fillers. — Water  is  admitted  to  each  filter  through  a  20-in. 
pipe  from  a  pipe  system  connecting  with  the  sedimentation  basin.  Just 
inside  of  the  filter  wall  is  placed  a  standard  gate  and  beyond  that  a 
balanced  valve  connected  with  an  adjustable  float  to  shut  off  the  water 
when  it  reaches  the  desired  height  on  the  filter  (Fig.  12).  These  valves 
and  floats  were  constructed  from  special  designs,  and  are  similar  in 
principle  to  valves  used  for  the  same  purpose  in  the  Berlin  water 
filters. 
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Overflows.—  Each  filter  is  provided  with  an  overflow,  so  arranged 
that  it  cannot  be  closed,  which  prevents  the  water  level  from  exceeding 
a  fixed  limit  in  case  the  balanced  valve  fails  to  act.  An  outlet  is  also 
provided  near  the  sand-run,  so  that  unflltered  water  can  be  removed 
quickly  from  the  surface  of  the  filter,  should  it  be  necessary,  to  facili- 
tate cleaning. 

Filter  Outlets.— The  outlet  of  each  filter  is  through  a20-in.  gate  con- 
trolled by  a  standard  graduated  to  show  the  exact  distance  the  gate  is 
open.  The  water  rises  in  a  chamber  and  flows  through  an  orifice  in  a 
brass  plate  4  by  24  ins. ,  the  center  of  which  is  1  ft.  below  the  level  of 
the  sand  line.  At  the  nominal  rate  of  filtration,  3  000  000  galls,  per 
acre  daily,  1  ft.  of  head  is  required  to  force  the  water  through  the 
orifice.  "With  other  rates  the  head  increases  or  decreases  approxi- 
mately as  the  square  of  the  rate  and  forms  a  measure  of  it.  With 
water  standing  in  the  lower  chamber,  so  that  the  orifice  is  submerged, 
it  is  assumed  that  the  same  rates  will  be  obtained  with  a  given  dif- 
ference in  level  between  the  water  on  the  two  sides  of  the  orifice,  as 
from  an  equal  head  above  the  center  of  the  orifice  when  discharging 
into  air.  The  general  arrangement  of  the  gate-houses,  including  the 
gates  for  wasting  the  effluent  to  the  river,  for  filling  filters  with 
filtered  water  from  below,  etc.,  is  shown  in  Fig.  12,  while  outside  views 
of  gate-houses  are  shown  in  Fig.  2,  Plate  X,  and  Fig.  2,  Plate  XFV. 

Measurement  of  Effluent. — In  order  to  show  the  rate  of  filtration  two 
floats  are  connected  with  the  water  on  the  two  sides  of  the  orifice. 
These  floats  are  counterbalanced;  one  carries  a  graduated  scale  aud  the 
other  a  marker  which  moves  in  front  of  the  scale  and  shows  the  rate  of 
filtration  corresponding  to  the  difference  in  level  of  the  water  on  the 
two  sides.  When  the  water  in  the  lower  chamber  falls  below  the  center 
of  the  orifice,  the  water  in  the  float  chamber  is,  nevertheless,  main- 
tained at  this  level.  This  is  accomplished  by  making  the  lower  part 
of  the  tube  water-tight,  with  openings  just  at  the  desired  level,  so  that 
when  the  water  falls  below  this  point  in  the  outer  chamber  it  does  not 
fall  in  the  float  chamber. 

To  prevent  the  loss  of  water  in  the  float  chamber  by  evaporation,  or 
from  other  causes,  a  lead  pipe  is  brought  from  the  other  chamber  and 
supplies  a  driblet  of  water  to  it  constantly;  this  overflows  through  the 
openings,  and  maintains  the  water  level  at  precisely  the  desired  point. 
The  floats  thus  indicate  the  difference  in  water  level  on  the  two  sides 
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Fig.  1. — Outside  Wall,  Ready  for  Concrete  Backing. 


Fig.  2.— Sedimentation  Basin  :    Showing  Construction  of  Floor. 
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of  the  orifice  whenever  the  water  in  the  lower  chamber  is  above  the 
center  of  the  orifice;  otherwise,  they  indicate  the  height  of  water  in  the 
upper  chamber  above  the  center  of  the  orifice,  regardless  of  the  water 
level  in  the  lower  chamber.  The  scale  is  graduated  to  show  the  rates 
of  filtration  in  millions  of  gallons  per  acre  of  filtering  area.  In  com- 
puting this  scale  the  area  of  the  filters  is  taken  as  0.7  acre  and  the 
coefficient  of  discharge  as  0.61. 

At  the  ordinary  rates  of  filtration  the  errors  introduced  by  the 
different  conditions  under  which  the  orifice  operates  will  rarely 
amount  to  as  much  as  100  000  galls,  per  acre  daily,  or  one-thirtieth  of 
the  ordinary  rate  of  filtration.  Usually  they  are  much  less  than  this. 
The  apparatus  thus  shows  directly,  and  with  substantial  accuracy, 
the  rate  of  filtration  under  all  conditions. 

Measurement  of  Loss  of  Head. — Two  other  floats  with  similar  con- 
nections show  the  difference  in  level  between  the  water  standing  on 
the  filter  and  the  water  in  the  main  drain  pipe  back  of  the  gate,  or  in 
other  words,  the  frictional  resistance  of  the  filter,  including  the 
drains.  This  is  commonly  called  the  loss  of  head,  and  increases  from 
0.2  ft.  or  less,  with  a  perfectly  clean  filter,  to  4  ft.  with  the  filter 
ready  for  cleaning.  When  the  loss  of  head  exceeds  4  ft.  the  rate  of 
filtration  cannot  be  maintained  at  3  000  000  galls,  per  acre  daily  with 
the  outlet  devices  provided,  and,  in  order  to  maintain  the  rate,  the 
filter  must  be  cleaned. 

Adjustment  of  Gauges. — The  adjustment  of  the  gauges  showing  the 
rate  of  filtration  and  loss  of  head  is  extremely  simple.  When  a  filter 
is  put  in  service  the  gates  from  the  lower  chamber  to  the  pure- water 
reservoir  and  to  the  drain  are  closed,  the  outlet  of  the  filter  opened, 
and  both  chambers  allowed  to  fill  to  the  level  of  the  water  on  the 
filter.  The  length  of  the  wire  carrying  the  gauge  is  then  adjusted,  so 
that  the  gauge  will  make  the  desired  run  without  hitting  at  either 
end,  and  then  the  marker  is  adjusted.  As  both  the  rate  of  filtration 
and  loss  of  head  are  zero  under  these  conditions,  it  is  only  necessary 
to  set  the  markers  to  read  zero  on  the  gauges  to  adjust  them.  The 
gates  can  then  be  opened  for  regular  operation,  and  the  readings  on 
the  gauges  will  be  correct.  It  is  necessary  to  use  wires  which  are 
light,  flexible,  and  which  will  not  stretch.  At  first  piano  wire,  No. 
27  B.  &  S.  gauge,  was  used,  and  was  well  adapted  to  the  purpose, 
except  that  it  rusted  rapidly.     Because  of  the  rusting  it  was  found 
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necessary  to  substitute  another  wire,  and  cold-drawn  copper  wire,  No. 
24  B.  &  S.  gauge,  was  used  with  fair  results.  Stretching  is  less  serious 
than  it  would  otherwise  be,  as  the  correctness  of  the  adjustment  can 
be  observed  and  corrected  readily  every  time  a  filter  is  out  of  service. 

From  the  lower  chambers  in  the  regulator  houses  the  water  flows 
through  gates  to  the  pipe  system  leading  to  the  pure-water  reservoir. 
Drain  pipes  are  also  provided  which  allow  the  water  to  be  entirely 
drawn  out  of  each  filter,  should  that  be  necessary  for  any  reason,  and 
without  interfering  with  the  other  filters,  or  with  the  pure-water 
reservoir. 

The  outlets  of  the  filters  are  connected  in  pairs,  so  that  filtered 
water  can  be  used  for  filling  the  underdrains  and  sand  of  the  filters 
from  below  prior  to  starting,  thus  avoiding  the  disturbance  which 
results  from  bringing  dirty  water  upon  the  sand  of  a  filter  not  filled 
with  water. 

Laboratory  Building.  -The  scientific  control  of  filters  is  regarded  as 
one  of  the  essentials  to  the  best  results,  and  to  provide  for  this  there  is 
a  laboratory  building  at  one  end  of  the  central  court  between  the 
filters  and  close  to  the  sedimentation  basin,  supplied  with  the  neces- 
sary equipment  for  full  bacterial  examinations,  and  also  with  facilities 
for  observing  the  colors  and  turbidities  of  raw  and  filtered  waters,  and 
for  making  such  chemical  examinations  as  may  be  necessary.  This 
building  also  provides  a  comfortable  office,  darkroom  and  storage 
room  for  tools,  etc.,  used  in  the  work. 

Pure-Water  Reservoir. — A  small  pure- water  reservoir,  94  ft.  square, 
and  holding  about  600  000  galls.,  is  provided  at  the  filter  plant.  The 
construction  is  similar  to  that  of  the  filters,  but  the  shapes  of  the  piers 
and  vaulting  were  changed  slightly,  as  there  was  no  necessity  for  the 
ledges  about  the  bottoms  of  the  piers  and  walls;  while  provision  is 
made  for  taking  the  rain  water,  falling  upon  the  vaulting  above,  to  the 
nearest  filters  instead  of  allowing  it  to  enter  the  reservoir.  The  floor 
and  roof  of  the  reservoir  are  at  the  same  levels  as  those  of  the  filters. 

Pure-Water  Conduit. — The  filtered  water  is  taken  from  the  pure- 
water  reservoir  to  the  present  pumping  station  through  7  913  ft.  of 
48-in.  pipe.  For  5  450  ft.  the  pipe  is  laid  under  the  Erie  Canal,  and 
for  1  837  ft.  through  Montgomery  Street,  with  an  average  cut  of  22  ft. 
The  pipe  is  not  under  pressure,  and  is  made  of  mild  open-hearth  steel 
plates,  VV  in.  thick,  rolled  by  the  Carnegie  Steel  Company,  at  Home- 
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Fig.  1.— Interior  of  a  Filter:    Drain,  Gravel  and  Sand  Layers. 


Fig.  2. — Interior  of  a  Filter,  Ready  for  Use. 
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stead,  Pa.  The  pipe  was  made  by  the  Carroll-Porter  Boiler  and  Tank 
Company,  of  Pittsburg,  and  both  plates  and  pipes  were  inspected  by 
Stowell  it  Cunningham,  of  Albany. 

Concrete  Backing. — Pipe  of  this  thickness  is  not  stiff  enough  to  with- 
stand the  earth  pressures  in  the  deep  cut  in  Montgomery  Street,  with- 
out being  badly  deformed,  and  is  not  heavy  enough  to  be  safe  from 
the  danger  of  floating  in  the  canal,  should  the  water  be  removed  from 
the  pipe  for  any  reason.  Concrete  was  used  to  support  the  sides  of  the 
pipe  in  the  deep  cut  and  to  weight  it  under  the  canal.  The  amount  of 
concrete  required  for  these  purposes  was  considerable,  and  the  Board 
decided  to  use  a  further  amount  in  order  to  surround  the  pipe  entirely. 
This  makes  a  concrete  pipe  with  a  minimum  thickness  of  6  ins.  outside 
of  the  steel  pipe  for  practically  the  whole  distance,  capable  of  sup- 
porting the  earth,  and  able  itself  to  serve  as  a  conduit  even  if  the  steel 
pipe  should  be  removed  entirely,  although  in  that  case  it  would  not 
be  thoroughly  water-tight.  For  567  ft.  on  hard  clay  bottom,  the  con- 
crete on  the  bottom  was  omitted,  the  natural  material  being  probably 
equivalent  to  the  concrete.  For  about  300  ft.  at  the  upper  end,  in 
shallow  cut  and  where  the  pipe  is  readily  accessible,  the  concrete  was 
also  omitted. 

The  hydraulic  gradient  of  the  pipe  is  1  in  1  000,  and  the  actual  slope 
is  1  in  1  000  from  the  pumping  station  to  a  point  where  the  depth  is 
limited  by  the  bed  of  the  canal,  the  top  of  the  pipe  being  always  at 
least  4  ft.  below  the  nominal  bottom  of  the  canal,  as  required  by  the 
canal  authorities.  It  is  then  level  until  near  the  upper  end,  outside 
of  the  canal,  where  it  rises  rapidly  to  the  pure-water  reservoir. 

In  passing  under  the  Patroons  Creek  sewer  the  canal  authorities 
required  that  the  line  should  leave  the  canal  and  pass  under  the  sewer 
at  one  side,  returning  to  the  canal  afterward,  the  object  being  to 
prevent  draining  the  canal  in  case  of  accident  to  the  sewer  as  a  result 
of  the  work  under  it.  The  section  out  of  the  canal  was  230  ft.  long, 
and  that  part  of  it  under  the  sewer  was  done  in  tunnel  and  below  tide 
level,  and  was  accomplished  without  accident  or  injury  to  the  sewer. 
The  entire  trench  under  and  near  the  sewer  was  back-filled  with 
concrete. 

Tightness  of  Work.—  The  specifications  provided  for  testing  each 
joint  of  the  pipe  under  pressure  as  it  was  laid.  Difficulties  were  found 
in  carrying  this  out,  and  in  order  to  prevent  delay  to  the  work,  which 
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would  have  resulted  in  serious  embarrassment  owing  to  the  necessity 
of  tilling-  the  canal  on  May  1st,  this  test  was  suspended  on  part  of  the 
line.  In  place  thereof,  the  pipe  was  maintained  empty  after  the  canal 
was  filled,  and  all  joints  were  caulked  on  the  inside  until  perfectly 
water-tight,  and  there  was  no  measurable  leakage  from  the  canal  into 
the  pipe. 

Coating. — The  pipe  was  coated  by  dipping  in  asphalt,  and,  after 
cavdking  tight  on  the  inside,  all  imperfections  in  the  coating,  due  to 
caulking  or  otherwise,  were  covered  with  melted  asphalt  in  connec- 
tion with  a  naphtha  lamp.  "Where  the  spots  were  not  too  large  the 
asphalt  on  the  sides  came  together  when  softened  by  the  flame  and 
covered  the  spot  completely  without  the  addition  of  new  material. 
Where  the  uncovered  patches  were  large  this  was  not  possible.  The 
place  was  first  heated,  then  melted  asphalt  was  applied  and  thoroughly 
heated  and  melted  until  it  incorporated  itself  with  the  old  asphalt  on 
the  edges. 

The  greatest  difficulty  was  experienced  in  repairing  breaks  in  the 
coating  directly  on  the  bottom  of  the  pipe;  although  these  were  not 
serious,  owing  to  the  fact  that  all  men  who  worked  therein  were 
required  to  wear  rubbers,  and  thus  the  damage  done  to  the  coating 
was  slight.  Repairs  were  made  by  building  dams  of  cotton  waste  on 
each  side  of  the  defective  place  and  sponging  out  the  water,  after 
which  the  plates  could  be  heated  by  a  naphtha  lamp  and  repaired  in 
the  usual  way. 

Air  Vents. — There  are  two  considerable  depressions  on  the  line  of 
the  pipe,  one  under  the  Bridge  Street  drain  and  one  under  the  Patroons 
Creek  sewer.  To  prevent  the  air  from  obstructing  the  flow  of  water, 
the  summits  on  either  side  of  the  Bridge  Street  drain  were  connected 
by  a  3-in.  pipe  with  expansion  joints,  going  over  the  top  of  the  sewer 
and  allowing  the  air  to  pass  by  the  depression  without  obstruction 
even  when  the  pipe  is  nearly  filled  with  water. 

At  the  Patroons  Creek  sewer  3-in.  pipes  are  connected  with  the 
summits  on  each  side,  going  up  in  the  manholes  to  a  point  above  the 
hydraulic  gradient  of  the  water,  and  are  simply  left  open  to  the  air. 
To  prevent  the  entrance  of  dirt,  etc. ,  a  half-turn  neck  is  screwed  on  the 
top,  and  in  the  outlet,  facing  downward,  a  bushing  is  put  in,  reduc- 
ing the  size  of  the  hole,  and  making  it  impossible  to  put  in  any  object 
which  would  obstruct  the  pipe. 
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Fig.  1.— Sedimentation  Basin,  Pumping  Station  and  Outlets. 


Fig.  2.— Central  Court,  Showing  Dirty  Sand,  Filter  Entrances,  Etc. 
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Connections  with  QuackenbusJi  Street  Pumping  Station. — At  the  lower 
end,  connection  is  made  with  the  pumping  station  through  a  rectangular 
brick  chamber,  where  the  flow  of  water  can  be  controlled  by  a  48-in. 
gate.  From  this  chamber  the  water  is  admitted  by  sluice  gates  to 
each  of  the  three  wells  supplying  the  Allis  pumps,  and  also  to  the  old 
pump  well.  The  entrance  of  water  from  the  river  was  cut  off  by  dig- 
ging up  the  old  tunnel,  and  building  a  manhole  on  it,  in  one  side  of 
which  was  inserted  a  36-in.  flange  pipe  and  a  standard  36-in.  gate. 
The  arrangement  is  such  as  to  cut  off  the  entrance  of  river  water  effect- 
ively. The  gate  can  be  opened  at  any  time,  however,  if  required  by  any 
emergency.  The  gate  is  accessible,  and  can  be  examined  for  tightness 
at  any  time  by  shutting  off  the  water  from  the  filters  and  lowering 
the  water  in  the  pump  wells.  Leakage  is  further  prevented  by  the 
fact  that  the  water  in  the  pump  wells  is  normally  higher  than  the 
water  in  the  river,  and  the  tendency  of  leakage  is  outward  and  not 
inward. 

Cement. — In  the  construction  of  the  filters  and  sedimentation  basin 
30  000  bbls.  of  Atlas  Portland  cement  were  used.  Iron  Clad  Portland 
cement  was  used  in  some  parts  of  this  work,  and  also  exclusively  on 
the  pumping  station  and  on  the  pure-water  conduit,  8  000  or  9  000 
bbls.  of  it  being  used  in  all.  Several  hundred  barrels  of  other  brands 
of  cement  were  used  at  times  when  neither  Atlas  nor  Iron  Clad  could 
be  obtained  promptly.  No  Eosendale  cement  was  used  on  any  part  of 
the  filters,  nor  in  the  lower  part  of  the  pumping  station.  On  the 
superstructure  of  the  regulator  houses,  pump  house  and  laboratory, 
Fvosendale  cement  and  lime  were  used. 

Building  Sand. — All  the  building  sand  was  obtained  from  the  river 
by  dredging,  and  was  screened  and  washed  by  machinery.  It  was  of 
the  same  general  character  as  the  filter  sand,  but  had  a  higher  uni- 
formity coefficient  and  was  not  as  clean. 

Balhistfor  Concrete. — Gravel,  obtained  from  the  river  by  screening 
and  washing,  was  used  for  the  most  part,  but  broken  stone  was  used 
on  various  parts  of  the  work.  Sometimes  the  materials  were  used 
separately,  but  often  they  were  mixed.  The  mixture  was  most  satis- 
factory in  every  way,  making  a  stronger  and  more  economical  con- 
crete than  either  gravel  or  broken  stone  by  itself. 

Concrete. — The  concrete  for  the  filters  was  mixed  by  machinery  in 
cubical  boxes,  5  ft.  cube,  and  the  amount  mixed  was  about  1.6  cu.  yds. 
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at  a  time.  The  proportions  of  rnixiog  were  not  fixed  by  the  con- 
tract, bttt  were  left  to  the  discretion  of  the  engineer  as  the  work  pro- 
gressed, and  the  cement  was  paid  for  separately.  The  usual  propor- 
tions of  mixing  were  as  follows:  One  barrel  of  Portland  cement, 
weighing  380  lbs.,  and  nominally  assumed  to  occupy  3.8  cu.  ft.; 
three  times  this  volume  of  sand,  weighing  on  an  average  about  90  lbs. 
per  cubic  foot,  and  five  times  this  volume  of  gravel  or  ballast,  weighing 
about  100  lbs.  per  cubic  foot;  and  having  an  average  of  40%  of  voids. 
On  an  average  for  the  whole  work  1.26  barrels  of  cement  were  used  for 
each  cubic  y  ard  of  concrete,  as  allowed  to  the  contractors.  Actually,  the 
volume  of  concrete  exceeded  slightly  the  nominal  dimensions  in  many 
cases,  and  the  cement  reckoned  on  all  the  concrete  would  be  slightly 
less  than  the  above  figure.  The  discrepancies,  however,  were  not 
large.  The  greatest  rate  of  jdacing  concrete  on  the  filters  was  about 
3  700  cu.  yds.  per  month,  and,  substantially,  this  rate  was  maintained 
for  three  months. 

In  placing  concrete  around,  and  especially  under,  the  48-in.  steel 
pipe,  difficulty  was  found  in  placing  that  which  was  made  with  broken 
stone.  Concrete  made  from  gravel  proved  much  more  suitable  for  this 
purpose,  and  a  bent  rammer  facilitated  getting  it  under  the  pipe.  Be- 
fore the  bent  rammer  was  introduced,  some  difficulty  was  experienced 
in  getting  the  contract  sections.  Afterward  they  were  gotten  easily 
and  without  trouble. 

Brick  Work. — All  the  brick  work,  except  that  in  the  superstruct- 
ures, was  of  vitrified  paving  brick.  The  brick  was  not  specified,  but 
the  specifications  required  brick  absorbing  not  more  than  12%"  of  water 
by  weight.  The  local  brick- makers  were  unwilling  to  take  the  trouble 
to  make  brick  hard  enough  to  meet  this  requirement,  and  the  con- 
tractors decided  finally  to  use  a  second-quality  paving  brick.  This 
was  larger  than  ordinary  brick,  averaging  8.37  x  3.62  x  2.75  ins.,  and 
it  was  necessary  to  change  the  size  of  the  piers  in  the  filters  from  20  to 
21  ins.,  the  spans  of  the  vaulting  and  floor  arches  being  reduced  to 
correspond.  These  changes  the  contractors  were  allowed  to  make, 
and,  in  consideration  of  the  superior  quality  of  the  brick,  they  were 
allowed  an  amount  corresponding  to  the  increased  volume  of  the 
masonry  thereby  involved,  although  this  masonry  was  not  believed  to 
be  necessary  for  the  stability  of  the  structures.  The  bricks  were 
regular  and  uniform  in  shape,  and  their  use  resulted  in  very  satisfac- 
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tory  work.  The  absorption  ranged  from  1  to  11%,  and  averaged  4%" 
by  weight. 

The  mortar  vised  was  uniformly  1  part  of  Portland  cement  to 
3  parts  of  sand,  and  in  a  few  cases,  where  cracks  appeared  and  the 
masonry  was  broken,  the  breaks  were  through  the  bricks  and  not 
through  the  joints,  although  the  bricks  were  extremely  hard  and 
strong.  The  cement  was  paid  for  separately,  and  about  0.80  barrel  per 
cubic  yard  was  used,  no  deduction  being  made  for  ordinary  loss  and 
waste.  The  greatest  quantity  of  brick  work  laid  in  one  month  was 
1  100  cu.  yds. 

Weight  on  Foundations. — The  weight  of  the  finished  concrete  was 
about  150  lbs.  per  cubic  foot,  as  determined  by  tests.  The  brick  work 
was  computed  to  weigh  135  lbs.  per  cubic  foot.  The  weight  of  the 
soil  filling  over  the  vaulting  is  estimated  at  100  lbs.  per  cubic  foot. 
Each  of  the  piers  in  the  filters,  by  itself,  weighs  4  300  lbs.  The  total 
weight  carried  by  the  piers  is  about  11  tons  per  square  foot,  with  the 
soil  nearly  dry.  When  the  soil  is  wet,  or  covered  with  snow  and  ice, 
the  weight  is  increased  somewhat. 

On  the  assumption  that  the  inverted  concrete  arches  distribute  the 
weight  of  the  piers  over  the  whole  area  of  the  bottom,  the  weight  on 
the  foundations,  of  all  the  masonry  and  the  earth  cover,  but  not  in- 
cluding the  filtering  material,  amounts  to  444  lbs.  per  square  foot,  and 
with  the  filtering  material  in  place  and  with  water  to  the  nominal  flow 
line,  this  weight  is  increased  to  1  304  lbs.  per  square  foot. 

Assuming  the  weight  of  the  cross  walls  to  be  distributed  on  the 
whole  width  of  the  monolithic  concrete  blocks  under  them,  the  weight 
of  tbe  masonry,  with  the  earth  above,  but  without  the  filter  sand  or 
water,  amounts  to  755  lbs.  per  square  foot,  and  with  the  sand  in  position 
and  water  to  the  flow  line,  to  1  415  lbs.  per  square  foot.  The  excess 
weight  under  the  cross-walls  thus  amounts  to  311  lbs.  per  square  foot 
with  the  filter  empty,  and  to  111  lbs.  per  square  foot  with  everything 
in  position. 

The  foundation  was  generally  on  stiff  clay  capable  of  carrying  much 
larger  loads  than  the  actual  ones,  but  for  a  small  part  of  the  way  shale 
was  encountered.  It  is  doubtful  if  there  is  any  arch  action  in  the  floor, 
in  which  case  the  bulk  of  the  weight  of  the  piers  is  carried  on  a  small 
area  under  and  near  the  base,  but  the  arch  is  there,  so  that  if  there  is 
any  tendency  to  settlement  at  any  point  it  will  come  into  action  and 
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carry  the  weight.  At  one  place  the  underlying  clay  was  soft.  Appa- 
rently, it  was  the  channel  of  a  stream,  the  position  of  which  had  been 
changed  by  the  Erie  Canal,  and  which  was  now  filled  with  softer  mate- 
rial. The  area  was  so  small  as  not  to  make  it  worth  while  to  lower 
the  general  elevation  of  the  structures,  and  extra  foundations  were 
provided.  These  were  made  by  putting  concrete,  mixed  in  the  pro- 
portion of  1:  5:  10,  in  the  form  of  a  wall,  from  hard  bottom  up  to  the 
ordinary  foundation  under  the  walls,  and  blocks  of  the  same  material, 
5  ft.  square,  from  the  hard  bottom  up  under  each  pier.  These  special 
foundations  were  put  in  first,  the  rest  of  the  material  graded  to  the 
normal  level,  and  then  the  floors  put  in  as  usual.  In  these  cases  the 
weights  on  solid  foundations  are  rather  more  than  a  ton  to  the  square 
foot. 

The  strains  in  the  concrete  vaulting,  considered  as  arches,  are  not 
heavy,  but  are  somewhat  difficult  of  computation.  It  appeared  prob- 
able, after  the  centers  were  struck,  that  the  vaulting  did  not  act  as 
arches  but  as  a  series  of  cantilevers.  It  was  put  in  in  squares,  each 
square  having  a  pier  for  a  center,  and  the  blocks  were  apparently  strong 
enough  to  carry  the  loads  upon  them  without  coming  to  an  arch  action 
at  all.  Computed  as  cantilevers,  a  tensile  strain  of  150  lbs.  per  square 
inch  is  sufficient  to  maintain  the  loads  as  they  exist,  and  the  strength 
of  the  concrete  is  certainly  beyond  this  figure. 

With  cold  weather,  some  of  the  joints  in  the  concrete  vaulting  opened 
slightly,  indicating  the  absence  of  arch  action,  but  no  cracks  in  the 
blocks  have  been  observed  at  any  point. 

Cracks  in  Walls. — The  outside  walls  of  the  filters  are  monolithic 
concrete,  with  an  8-in.  brick  lining.  The  cross-walls  are  of  brick* 
Neither  have  expansion  joints  of  any  kind.  With  cold  weather,  in 
December,  1898,  cracks  were  discovered  in  each  of  the  cross-walls  on 
the  north  half  of  the  filter  plant  which  was  then  completed.  One  crack 
was  found  in  each  wall,  and  in  each  case  approximately  in  the  middle 
of  the  wall.     During  the  winter  these  cracks  opened  from  \  to  $  in. 

There  are' also  a  certain  number  of  cracks  on  the  outside  walls,  all 
of  which  are  shown  in  Fig.  13.  There  is  a  break  in  the  continuity  of 
the  outside  walls  where  they  join  the  regulator  houses.  The  regulator 
houses  were  built  first,  and  the  concrete  was  placed  against  the  brick 
work  afterward,  the  surface  of  the  brick  being  left  irregular.  The 
brick  lining  was  bonded  in,  but  its  8-in.  thickness  was  not  sufficient  to 
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withstand  any  heavy  strain.  The  walls  pulled  away  from  the  regulator 
houses  at  these  points  in  eight  eases,  breaking  the  brick  work,  although 
there  was  no  evidence  of  settlement.  The  cracks  are  absolutely  with- 
out significance,  as  the  clay  filling  on  the  outside  is  quite  water-tight. 
The  cracks  in  the  outside  walls  are  also  unimportant,  for  the  same 
reason.  Where  the  outside  walls  cracked,  the  crack  went  approxi- 
mately in  a  straight  line  from  top  to  bottom  through  both  brick  and 
concrete,  without  following  any  joints  in  the  conci*ete  wall. 

The  cracks  in  the  cross-walls  were  of  more  importance,  for  it  is 
possible  that  unfiltered  water  might  enter  them  above  the  sand  and 
follow  down  through  them  and  enter  the  gravel  and  underdrains 
below  without  filtration.  This  action  might  all  take  place  on  one 
side,  or  the  water  might  enter  the  wall  above  on  one  side  and  leave  it 
below  on  the  other.  This  was  rendered  more  likely,  as  the  floors 
cracked  at  the  same  places  and  drew  apart  slightly,  and  it  was  actually 
found  that,  when  the  water  was  on  one  side  of  the  wall  only,  it  passed 
through  the  crack  and  up  through  the  floor  on  the  other  side,  some 
distance  away  from  the  wall.  To  cut  this  off,  a  hole  was  cut  in  the 
concrete  near  the  wall,  rather  more  than  2  ft.  long  and  8  ins.  wide, 
with  the  ends  widened  as  shown  in  Fig.  13.  The  concrete  at  this  point 
was  about  1  ft.  thick.  A  steel  plate  \  in.  thick  and  2  ft.  square  was 
placed  in  the  middle  of  this  hole,  and  driven  down  until  its  top  was 
flush  with  the  top  of  the  concrete.  It  thus  projected  about  1  ft.  into 
the  clay  below,  and  the  material  was  then  so  hard  that  the  plate  had  to 
be  severely  pounded  to  get  it  into  position.  The  hole  was  then  filled 
with  concrete.  The  steel  plate  is  to  serve  as  an  expansion  joint.  If 
the  crack  opens  further  in  the  future,  the  concrete  block  will  break 
again,  approximately  at  the  same  place  as  the  original  crack,  and  will 
slip  on  the  steel  plate,  the  plate  remaining  across  the  crack  to  shut  off 
any  possible  communication.  Any  water  coming  through  the  wall  must 
thus  come  to  the  surface  of  the  floor  before  reaching  the  plate,  and,  to 
prevent  it  from  getting  into  the  underdrains,  the  gravel  is  kept  back 
for  5  ft.  at  this  point,  and  the  sand  comes  directly  to  the  floor.  The 
water  on  leaving  the  crack  must  then  pass  through  at  least  5  ft.  of 
sand  before  it  reaches  the  underdrains.  This  will  insure,  first,  a 
tolerably  good  purification  of  such  water;  and  second,  if  the  water  is 
dirty,  a  gradual  clogging  up  and  diminishing  of  the  carrying  power  of 
the  sand  at  this  point  and  the  final  stopjuug  of  the  leak.     In  any 
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event,  it  will  be  impossible  for  an  impure  water  to  reach  the  under- 
drains.  The  upper  parts  of  the  cracks,  which  were  comparatively 
unimportant,  and  were  accessible  at  all  times,  were  caulked  with 
oakum  to  prevent  the  passage  of  water  above  the  sand. 

These  cracks  appear  to  be  clean  temperature  cracks,  with  hardly 
any  evidence  of  settlement.  The  strength  of  the  wall  is  such  that, 
with  one  end  free,  with  the  temperature  changes,  it  would  pull  or 
shove  the  wall  over  the  clay  without  causing  other  cracks.  The  only 
cause  of  further  cracks  would  be  settlement,  and  this  is  not  regarded 
as  probable.  To  provide  against  it,  however,  as  a  possible  con- 
tingency, and  also  to  prevent  the  possibility  of  water  passing  down 
between  the  walls  and  the  sand,  the  gravel  is  kept  2  ft.  away  from  the 
walls  all  the  way  around,  so  that  in  case  cracks  occur  at  any  jsoints  and 
water  passes  through  them,  it  will  have  to  pass  through  2  ft.  of  sand. 
With  one  crack  in  each  wall,  which  is  virtually  an  expansion  joint,  it 
is  not  regarded  as  probable  tbat  other  cracks  will  occur  which  will 
result  in  any  openings  in  the  floor. 

Six  cracks  were  caused  by  the  frost  in  January  and  February,  1899. 
The  south  part  of  the  filters  was  left  in  an  uncompleted  condition, 
and,  with  severe  weather,  the  frost  raised  the  walls  in  some  places 
as  much  as  0.2  ft.  With  warmer  weather  the  walls  went  back  to 
their  proper  levels,  but  the  cracks  did  not  close  entirely,  and  some 
of  the  brickwork  was  taken  down,  while  other  cracks  were  caulked 
with  cement. 

Without  counting  the  slight  openings  at  the  corners  of  the  regu- 
lator chambers,  where  the  concrete  met  the  brickwork,  nor  the  six 
cracks  caused  by  lifting  from  frost,  there  were  twelve  cracks  in  the 
whole  of  the  work,  and,  as  the  total  length  of  wall  was  4  753  ft.,  there 
was,  on  an  average,  about  one  crack  to  each  400  ft.  of  wall. 

Contractors'  Plant. — The  contractors  for  the  filters  and  sedimenta- 
tion basin  installed  a  very  elaborate  overhead  cable-carrier  system  for 
the  transportation  of  materials  to  all  parts  of  the  work.  This  con- 
sisted of  two  trestles  730  ft.  apart  and  over  900  ft.  long,  between 
which  stretched  four  cables,  each  capable  of  carrying  a  load  of  3  tons, 
at  a  height  above  all  the  structures  on  the  ground,  except  the  office 
and  regulator  houses.  These  cables  were  attached  to  carriages  which 
ran  on  X-beams  on  the  tops  of  the  trestles,  and  power  was  conveyed  to 
both  ends  by  a  system  of  rope  drives,  so  that  the   cables    could  be 
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moved  in  one  direction  while  the  travelers  upon  the  cables  were  moved 
in  another  direction  at  right  angles  to  it.  The  trestles  for  the  con- 
tractors' plant  are  shown  in  Figs.  1  and  2,  Plate  X,  and  in  Fig.  1, 
Plate  XI,  and  also  in  some  of  the  other  views.  Fig.  1,  Plate  XI,  also 
shows  a  skip  for  carrying  concrete,  with  the  carriage  upon  a  cable. 
The  installation  of  this  apparatus  required  much  longer  than  was 
anticipated,  and  delayed  the  completion  of  the  work  very  much. 

The  system  was  extremely  convenient,  but  its  carrying  capacity  was 
less  than  was  anticipated,  particularly  when  motion  in  both  directions 
was  required.  It  was  found  better  after  a  while  to  use  the  carriers,  as 
a  rule,  in  one  direction  only,  and  a  double-track  railroad  was  built  near 
one  of  the  trestles,  which  passed  the  concrete  mixer  and  the  gravel 
screens.  Skips  were  moved  on  this  railroad  on  trucks,  received  the 
concrete  and  gravel  and  ran  to  points  opposite  the  places  where  the 
materials  were  to  be  used.  The  skips  were  then  lifted  from  the  trucks 
by  the  carrier  system  and  carried  to  the  required  places.  In  this  way 
the  lateral  motion  of  the  carriers  was  used  only  occasionally,  as  the 
point  at  which  work  was  being  done  changed.  The  work  was  so 
arranged  that  concrete  or  gravel  was  delivered  in  substantially  the 
same  line  at  one  time. 

Capacity  of   Plant  and  Means  of  Regulation. 

The  various  filters  have  effective  filtering  areas  of  from  0. 702  to 
0.704  acre,  depending  upon  slight  differences  in  the  thickness  of  the 
walls  in  different  places.  For  the  purpose  of  computation,  the  area  of 
each  filter  is  taken  at  0. 7  acre.  The  nominal  rate  of  filtration  is  taken 
as  3  000  000  galls,  per  acre  daily,  at  which  rate  each  filter  will  yield 
2  100  000  galls,  daily,  and,  with  one  filter  out  of  use  for  the  purpose  of 
being  cleaned,  seven  filters  normally  in  use  will  yield  14  700  000  galls. 
The  entrances  and  outlets  are  all  made  of  sufficient  size,  so  that  rates 
50%  greater  than  the  foregoing  are  possible.  The  capacities  of  the 
intake,  pumping  station  and  piping  are  such  as  to  supply  any  quantity 
of  water  which  the  filters  can  take,  up  to  an  extreme  maximum  of 
25  000  000  galls,  in  24  hours.  The  pure-water  conduit  from  the  filters 
to  Quackenbush  Street  is  nominally  rated  at  25  000  000  galls,  per  24 
hours,  after  it  has  become  old  and  somewhat  tuberculated.  In  its 
present  excellent  condition  it  will  carry  a  larger  quantity. 

At  the  pumping  station  at  Quackenbush  Street  there  are  three  Allis 
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pumps,  each  capable  of  pumping  5  000  000  galls,  per  24  hours.  In 
addition  to  the  above  there  are  the  old  reserve  pumps  with  a  nominal 
capacity  of  10  000  000  galls,  per  24  hours,  which  can  be  used  if  neces- 
sary, but  which  require  so  much  coal  that  they  are  seldom  used.  For 
practical  purposes  the  15  000  000  galls,  represents  the  pumping 
capacity  of  this  station  and  also  the  capacity  of  the  filters,  but  the  ar- 
rangements are  such  that  in  case  of  emergency  the  supply  can  be 
increased  to  20  000  000  or  even  25  000  000  sails,  for  a  short  time. 


MECHANICAL  COMPOSITION  OF  FILTER  SAND  AND  GRAVELS. 
(arrows  show  requirement  of  specification) 
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The  water  is  pumped  through  rising  mains  to  reservoirs  holding 

37  000  000  galls.,  not  including  the  Tivoli  low-service  reservoir,  which 

is  usually  supplied  from  gravity  sources.     The  reservoir  capacity  is 

such  that  the  pumping  can  be  suspended  at  Quackenbush  Street  for 

considerable  periods  if  necessary,  and  in  practice  it  has  been  suspended 

at  certain  times,  especially  on  Sundays.     The  amount  of  water  required 

is  also  somewhat  irregular.     The  drainage  areas  supplying  the  gravity 

reservoirs  are  much  larger,  relatively,  than  the  reservoirs,  and  at  flood 

periods  the  volume  of  the  gravity  supply  is  much  greater  than  that 
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■which  can  be  drawn  in  dry  weather.  Thus  it  happens  that,  at  certain 
seasons  of  the  year,  the  amount  of  water  to  be  pumped  is  but  a  fraction 
of  the  nominal  capacity  of  the  pumps,  and  at  these  times  it  is  possible 
to  shut  the  pumps  down  for  greater  lengths  of  time. 

Capacity  of  Pure-Water  Reservoir. — The  storage  capacity  provided 
between  the  filters  and  the  Quackenbush  Street  pumps  is  compara- 
tively small,  namely,  600  000  galls.,  or  one  hour's  supply  at  the  full 
nominal  rate.  A  larger  basin,  holding  as  much  as  one-third  or  one- 
half  of  a  day's  supply,  would  be  in  many  respects  desirable  in  this 
position,  but  the  conditions  were  such  as  to  make  it  practically  im- 
possible. The  bottom  of  the  reservoir  could  not  be  put  lower  without 
deepening  and  increasing  greatly  the  expense  of  the  conduit  line.  On 
the  other  hand,  the  flow  line  of  the  reservoir  could  not  be  raised  with- 
out raising  the  level  of  the  filters,  which  was  hardly  possible  upon  the 
site  selected.  The  available  depth  of  the  reservoir  was  thus  limited 
between  very  narrow  bounds,  and  to  secure  a  large  capacity  would 
have  necessitated  a  very  large  area,  and  consequently  a  great  expense. 
Under  these  circumstances,  and  especially  in  view  of  the  abundant 
storage  capacity  for  filtered  water  in  the  distributing  reservoirs,  it  was 
not  deemed  necessary  to  provide  a  large  storage,  and  only  so  much 
was  provided  as  would  allow  the  pumps  to  be  started  at  the  convenience 
of  the  engineer,  and  give  a  reasonable  length  of  time  for  the  filters  to 
be  brought  into  operation.  For  this,  the  pure-water  reservoir  is  arnple, 
but  it  is  not  enough  to  balance  any  continued  fluctuations  in  the  rate 
of  pumping. 

Method  of  Regulating  and  Changing  the  Rate  of  Filtration. — With  all 
the  Allis  pumps  running  at  their  nominal  capacity,  the  quantity  of 
water  required  will  just  about  equal  the  nominal  capacity  of  the  filters. 
When  only  one  or  two  pumps  are  running,  the  rate  of  filtration  can  be 
reduced.  With  the  plant  operating  up  to  its  full  capacity,  the  water 
level  in  the  pure- water  reservoir  will  be  below  the  level  of  the  standard 
orifices  in  the  filter  outlets.  When  the  rate  of  pumping  is  reduced,  if 
no  change  is  made  in  the  gates  controlling  the  filter  outlets,  the  water 
will  gradually  rise  in  the  pure-water  reservoir  and  in  the  various 
regulator  chambers,  and  will  submerge  the  orifices  and  gradually 
reduce  the  head  on  the  filters,  and  consequently  the  rates  of  filtration, 
until  those  rates  equal  the  quantity  pumped.  In  case  the  pumping  is 
stopped  altogether,  the  filters  will  keep  on  delivering  at  gradually 
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reduced  rates  until  the  water  level  in  the  pure-water  reservoir  reaches 
that  of  the  water  on  the  filters. 

When  the  pumps  are  started  up,  after  such  stoppage  or  reduced 
rate  of  pumping,  the  water  levels  in  the  pure-water  reservoir  and  in 
the  gate  chambers  will  be  lowered  gradually,  and  the  filters  will  start 
to  operate  it  first  with  extremely  low  rates  which  will  increase 
gradually  until  the  water  is  depressed  below  the  orifices,  when  they 
will  again  reach  the  rates  at  which  they  were  last  set.  The  regulators 
during  ail  this  time  will  show  the  rate  of  filtration  on  each  filter,  and, 
if  any  inequalities  occur  which  demand  correction,  the  gates  on  the 
various  outlets  can  be  adjusted  accordingly. 

The  arrangement,  in  this  respect,  combines  some  of  the  features  of 
the  English  and  German  plants.  In  the  English  plants  the  filters  are 
usually  connected  directly  with  the  clear-water  basin,  and  that  in  turn 
with  the  pumps,  and  the  speed  of  filtration  is  required  to  respond  to 
the  speed  of  the  pumps,  increasing  and  decreasing  with  it,  being 
regulated  at  all  times  by  the  height  of  water  in  the  pure-water  reservoir. 
This  arrangement  has  been  subject  to  severe  criticism,  because  the 
rate  of  filtration  fluctuates  with  the  consumption,  and  especially 
because  the  rates  of  filtration  obtained  simultaneously  in  different 
filters  may  be  different.  There  was  no  way  to  determine  at  what  rate 
any  individual  filter  was  working,  and  there  was  always  a  tendency  for 
a  freshly  scraped  filter  to  operate  much  more  rapidly  than  those  which 
had  not  been  scraped  for  some  time. 

This  led  to  the  procedure,  first  formulated  by  the  Commission  of 
German  Water- Works  Engineers  in  1894,  and  provided  for  in  most  of 
the  German  works  built  or  remodeled  since  that  time,  of  providing 
pure-water  storage  sufficient  in  amount  to  make  the  rate  of  filtration 
entirely  independent  of  the  operation  of  the  pumps.  Each  filter  was 
to  be  controlled  by  itself,  be  independent  of  the  others,  and  deliver  its 
water  into  a  pure-water  reservoir  lower  than  itself,  so  that  it  could 
never  be  affected  by  back-water,  and  so  large  that  there  would  never 
be  a  demand  for  sudden  changes  in  the  rate  of  filtration. 

This  procedure  has  given  excellent  results  in  the  German  works; 
but  it  leads  oftentimes  to  expensive  construction.  It  involves,  in  the 
first  place,  a  much  greater  loss  of  head  in  passing  through  the 
works,  because  the  pure-water  reservoir  must  be  lower  than  the 
filters,  and  the  cost  of  the  pure- water  reservoir  is  increased  greatly 
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because  of  its  large  size.  The  regulation  of  the  niters  is  put  upon 
the  attendants  entirely,  or  upon  automatic  devices,  and  regulation  by 
what  is  known  as  "responding  to  the  pumps  "  is  eliminated. 

More  recently,  the  German  authorities  have  shown  less  disposition 
to  insist  rigidly  upon  the  principles  advanced  in  1894.  In  a  compila- 
tion of  the  results  of  several  years'  experience  with  German  water 
filters,  Dr.  Pannwiz,*  makes  a  statement  of  particular  interest,  of 
which  a  free  translation  is  as  follows: 

"  Most  of  the  German  works  have  sufficient  pure-water  reservoir 
capacity  to  balance  the  normal  fluctuations  in  consumption,  so  that 
the  rate  of  filtration  is  at  least  independent  of  the  hourly  fluctuations  in 
consumption.  Of  especial  importance  is  the  superficial  area  of  the 
pure- water  reservoir.  If  it  is  sufficiently  large  there  is  no  objection  to 
allowing  the  water  level  in  it  to  rise  to  that  of  the  water  upon  the 
filters.  With  very  low  rates  of  consumption  during  the  night  the 
filters  may  work  slowly  and  even  stop,  without  damage  to  the  sediment 
layers  when  the  stopping  and  starting  take  place  slowly  and  regularly, 
because  of  the  ample  reservoir  area. 

"The  very  considerable  fluctuations  from  day  to  day,  especially 
those  arising  from  uniisual  and  unforeseen  occurrences,  are  not  pro- 
vided for  entirely  by  even  very  large  and  well-arranged  reservoirs.  To 
provide  for  these  without  causing  shock,  the  rate  of  filtration  must  be 
changed  carefully  and  gradually,  and  the  first  essential  to  success  is  a 
good  regulation  apparatus. " 

"  Responding  to  the  pumps  "  has  a  great  deal  to  recommend  it.  It 
allows  the  pure-water  reservoir  to  be  put  at  the  highest  possible  level, 
it  reduces  to  a  minimum  the  loss  of  head  in  the  plant,  and  yet  provides 
automatically,  and  without  the  slightest  trouble  on  the  part  of  the 
attendants,  for  the  delivery  of  the  required  quantity  of  water  by  the 
filters  at  all  times.  If  the  filters  are  connected  directly  to  the  pumps 
there  is  a  tendency  for  the  pulsations  of  the  pumps  to  disturb  their 
operation,  which  is  highly  objectionable,  even  if  the  pumps  are  far 
removed;  and  this  exists  where  filters  are  connected  directly  to  the 
pumps,  and  a  pure-water  reservoir  is  attached  to  them  indirectly. 
By  taking  all  the  water  through  the  pure-water  reservoir  and  having 
no  connection  except  through  it,  this  condition  is  absolutely  avoided, 
and  the  pull  on  the  filters  is  at  all  times  perfectly  steady. 

Much  has  been  said  as  to  the  effect  of  variation  in  the  rate  of 
filtration  upon  the  efficiency  of  filters.     Experiments  have  been  made 

*"  Arbeiten  aus  dem  Kaiserlichen  Gesu7idheitsampte,"  Vol.  xiv.,  p.  260. 
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at  Lawrence  and  elsewhere  which  have  shown  that,  as  long  as  the 
maximum  rate  does  not  exceed  a  proper  one,  and  under  reasonable 
regulations,  and  with  the  filter  in  all  respects  in  good  order,  no  marked 
decrease  in  efficiency  results  from  moderate  fluctuations  in  rate.  There 
is  probably  a  greater  decrease  of  efficiency  by  stopping  the  filter  alto- 
gether, especially  if  it  is  done  suddenly,  than  by  simply  reducing  the 
rate.  The  former  sometimes  results  in  loosening  air  bubbles  in  the 
sand,  which  rise  to  the  stir  face  and  cause  disturbances,  but  this  is  not 
often  caused  by  simple  change  in  rate. 

On  the  whole,  there  is  little  evidence  to  show  that,  within  reason- 
able limits,  fluctuations  in  rate  are  objectionable,  or  should  be 
excluded  entirely,  especially  in  such  cases  as  at  Albany,  where 
arrangements  to  prevent  them  would  have  resulted  in  very  greatly 
increased  first  cost.  The  inferior  results  sometimes  obtained  with  the 
system  of  "responding  to  the  pumps"  as  it  existed  in  earlier  works, 
and  still  exists  in  many  important  places,  undotibtedly  arises  from  the 
fact  that  there  is  no  means  of  knowing  and  controlling  the  simulta- 
neous rate  of  filtration  in  different  filters,  and  that  one  filter  may  be 
filtering  two  or  three  times  as  fast  as  another,  with  nothing  to 
indicate  it. 

This  contingency  is  fully  provided  for  in  the  Albany  plant.  The 
orifices  are  of  such  size  that  even  with  a  filter  just  scraped  and  put  in 
service,  with  the  minimum  loss  of  head,  with  the  outlet  gate  wide 
open,  and  with  the  water  level  in  the  pure-water  reservoir  clear  down; 
that  is,  with  the  most  unfavorable  conditions  which  could  possibly 
exist,  the  rate  of  filtration  cannot  exceed  5  000  000  or  6  000  000  galls, 
per  acre  daily,  or  double  the  nominal  rate.  This  rate,  while  much 
too  high  for  a  filter  which  has  just  been  cleaned,  is  not  nearly  as  high 
as  was  possible,  and  in  fact  actually  occurred  in  the  old  Stralau  fil- 
ters at  Berlin,  and  in  many  English  works;  and,  further,  such  a  condi- 
tion could  only  occur  through  the  gross  negligence  of  the  attendants, 
because  the  rate  of  filtration  is  indicated  clearly  at  all  times  by  the 
gauges.  These  regulating  devices  have  been  specially  designed  to 
show  the  rate  with  unmistakable  clearness,  so  that  no  attendant,  how- 
ever stupid,  can  make  an  error  by  an  incorrect  computation  from  the 
gauge  heights.  It  is  believed  that  the  advantage  of  clearness  by  this 
procedure  is  much  more  important  than  any  increased  accuracy 
which  might  be  secured  by  refinements  in  the  method  of  computation, 
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which  should  take  into  account  variations  in  the  value  of  the  coeffi- 
cient of  discbarge,  but  which  would  render  direct  readings  impossible. 
Iu  designing  the  Albany  plant  the  object  has  been  to  combine  the 
best  features  of  German  regulation  with  the  economical  and  conven- 
ient features  of  the  older  English  system,  and  filters  are  allowed  to 
respond  to  the  pumps  within  certain  limits,  while  guarding  against 
the  dangers  ordinarily  incident  thereto. 

Results  of  Operation. 

The  filters  were  designed  to  remove  from  the  water  the  bacteria 
which  cause  disease.  They  have  already  reached  a  bacterial  efficiency 
of  over  99"o >  and  i*  is  expected  that  their  use  will  result  in  a  great 
reduction  in  the  death  rate  from  water-borne  diseases  in  the  city. 
They  also  remove  a  part  of  the  color  and  all  of  the  suspended  matters 
and  turbidity,  so  that  the  water  is  satisfactory  in  its  physical 
properties. 

The  filters  have  reached,  with  perfect  ease,  their  rated  capacity, 
and  on  several  occasions  have  been  operated  to  deliver  one-third  more 
than  this  amount ;  that  is  to  say,  at  a  rate  of  4  000  000  galls,  per  acre, 
daily. 

The  filters  are  operated  by  George  I.  Bailey,  M.  Am.  Soc.  C.  E. , 
Superintendent  of  the  Albany  Water-Works,  whom  the  writer  hopes 
will  present  further  particulars  concerning  the  cost   and   results   of 
operation. 

Cost  of  Construction. 

The  cost  of  the  filtration  plant  complete  is  shown  by  Table  No.  3. 
As  some  of  the  accounts  are  not  yet  closed,  a  few  of  the  items, 
designated  by  stars  (*)  are  estimated,  and  are  subject  to  slight  change 
with  the  closing  of  all  the  accounts. 

The  filters,  sedimentation  basin  and  pure-water  reservoir  are  con- 
nected in  such  a  way  as  to  make  an  exact  separation  of  their  costs 
impossible  ;  but,  approximately,  the  sedimentation  basin  cost  $60  000, 
the  pure-water  reservoir  $9  000,  and  the  filters  $255,000.  The  sedi- 
mentation basin  thus  cost  $4  100  per  million  gallons  capacity  ;  and 
the  filters  complete,  including  all  piping,  cost  $45  600  per  acre  of  net 
filtering  area,  exclusive  of  land  and  engineering. 
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TABLE  No.  3. — Appkoximate  Cost  of  Filtration  Plant  Complete. 

Land $8  290. 00 

Pumping  Station  : 

Pumping  machinery,  boilers,  etc $22  000.00 

Intake 3  800.00 

Pump  well,  gates,  screens  and  foundations 6  285.00 

Pumping  station  building 12  167.00 

c  'himney 1  540. 00 

Venturi  meter 1  560.00 

Extra  work  and  minor  items 2  393.00* 

49  745.00* 

Filters.  Sedimentation  Basin  and  Pure- Water  Reservoir  : 

Preliminary  draining $1  9^6. 71 

70  672  cu  yds.  excavation,  at  (average)  $0.3079  + 21  761 .64 

16  040  cu.  yds.  rolled  clay  and  gravel  embankment,  at  $0.52  8  340.80 

22  400  cu.  yds.  silt  and  loam  rilling,  at  $0.15 3  360.00* 

22  000  cu.  yds.  general  filling  rolled,  at  $0.18 3  9b0.00* 

12  550  cu.  yds.  puddle,  at  $0.715 8  973.25 

1  775  cu.  yds.  gravel  for  lining,  at  $0.85 1,508.75 

2  257  sq.  yds  split  stone  lining,  at  $0.82 1  850.74 

11  737  cu.  yds.  concrete  in  floors,  at  $2.31 27  112.47 

7  792  cu.  yds.  concrete  in  vaulting,  at  $3.85 29  999.20 

3  147  cu.  yds.  all  other  concrete,  at  $2.13 6  703.11 

4  382  cu.  yds.  brick  work,  at  $8.125 35  603.75 

31  715  barrels  Portland  cement,  at  $1.935 61  368.53 

7  281  cu.  yds.  filter  gravel,  at  $1.05  7  645.05 

36  100  cu.  yds.  filter  sand,  at  $1.00 36  100.00* 

Cast-iron  pipes  and  specials,  placed,  including  placing 

gates 21  841 .25 

Gates  and  valves 6  714.00 

Vitrified  pipe,  complete 7  153.32 

672  filter  manhole  covers,  at  $4.40 2  956.80 

8  sand-run  fixtures,  at  $407.50 3  260.00 

8  regulator  houses,  at  $862.24 6  897.92 

1  office  and  laboratory 4  881 .00 

Vitrified  brick  paving 2  158 .00 

Iron  fence  about  court 1  704.00 

Extra  work  and  all  minor  items 10  150.11* 

323  960 .  40* 

Conduit  and  Connections  with  Quackenbush  Street  Pumping  Station  : 

7  913  ft.  48-in.  steel  pipe,  at  $4.50 $35  608.50 

24  218  cu.  yds.  excavation  at  (average)  $0,855  + 20  715 .60 

3  144  cu.  yds.  concrete,  at  $5.00 15  720.00 

Gates  and  connections  with  pumping  station 3  680.00 

Sewer  and  railroad  crossings,  sheeting,  and  all  other 

items 10  914 .  12 

86  638.22 

Engineering,  inspection,  printing,  etc 28  000.00* 

Total  approximate  cost  of  work $496  633 .  62* 

The  preliminary  estimate  of  cost  submitted  to  the  Board,  February 
8th,  1897,  amounted  to  $478  000.  The  work  will  actually  cost,  in 
round  numbers,  $20  000,  or  4%  more  than  the  preliminary  estimate. 
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The  preliminary  estimate,  and  the  actual  costs  by  more  important 

divisions,  are  as  follows  : 

Preliminary 
estimate,  Approximate 

Feb.  8, 1897.  actual  cost. 

Land 310  000  $8  290 

Pumping  station  and  intake 34  000  49  745 

Filters   and    sedimentation    basin, 

with  piping 327  000  323  960 

Pure-water  conduit  and  connection, 

with       Quackenbush      Street 

pumping  station 64  000  86  638 

Engineering  and  contingencies. ...     43  000  28  000 

Total 3478  000  3496  633 

The  excess  in  the  cost  is  in  the  pumping  station  and  conduit  line. 
The  cost  of  the  conduit  line  was  increased  by  surrounding  it  with 
concrete,  which  was  not  included  in  the  preliminary  estimate,  and 
also  by  certain  changes  in  the  location  required  by  the  canal  authori- 
ties. The  pumping  station  also  was  made  more  elaborate  and 
expensive  than  was  contemplated  in  the  preliminary  estimate.  Other- 
wise the  work  was  executed  substantially  as  first  planned. 

Acknowledgment. 
The  general  plan  and  location  of  the  plant  were  first  conceived 
by  the  Superintendent  of  Water-Works,  George  I.  Bailey,  M.  Am. 
Soc.  C.  E. ,  and  the  successful  execution  is  largely  due  to  his  efforts. 
The  members  of  the  Water  Board,  and  especially  the  Construction 
Committee,  have  followed  the  work  in  detail  closely  and  personally, 
and  their  interest  and  support  have  been  essential  factors  in  the 
results  accomplished.  In  the  designs  and  specifications  for  the  pure- 
water  conduit  the  author  is  greatly  indebted  to  Emil  Kuichling,  M. 
Am.  Soc.  C.  E.,  and  also  for  most  valuable  suggestions  relative  to  the 
performance  of  this  part  of  the  work.  To  William  Wheeler,  M.  Am. 
Soc.  C.  E.,  of  Boston,  the  author  is  indebted  for  advice  upon  the 
vaulting  and  cross-sections  of  the  walls,  and  these  matters  were 
submitted  to  him  before  the  plans  were  put  in  final  shape.  All  the 
architectural  designs  have  been  supplied  by  Mr.  A.  W.  Fuller,  of 
Albany.  W.  B.  Fuller,  M.  Am.  Soc.  C.  E.,  as  Resident  Engineer,  has 
been  in  direct  charge  of  the  work,  and  its  success  is  largely  due  to  his 
interest  in  it  and  the  close  attention  which  he  and  the  assistant 
engineers  have  given  it. 
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INSUFFICIENT  PROVISION  FOR  COUNTER- 
STRESSES  IN  RAILROAD  BRIDGES. 
Discussion.* 


By  Messrs.  F.  C.  Kunz,  Ira  O.  Baker  and  Henry  S.  Prichard. 


[r.  Kunz.  F.  C.  Kunz,  M.  Am.  Soc.  C.  E.  (by  letter).— The  fact  that  the 
counters  are  the  weakest  members  of  a  bridge  is  justly  claimed  as  one 
of  the  reasons  for  the  preference  of  those  specifications  which,  con- 
trary to  the  fatigue  formulas,  assume  a  constant  unit  stress  and  add 
to  the  live  load  a  certain  percentage  for  the  effect  of  impact.  This 
percentage  varies  inversely  with  the  loaded  length,  and  is,  therefore, 
greater  for  the  counters  than  for  the  main  diagonals,  and  greater  for 
the  latter  than  for  the  chords.  The  result  is  that  the  counters  are 
comparatively  heavier  than  the  other  members  of  the  truss,  and  are 
sometimes  necessitated  in  panels  in  which  the  fatigue  formulas  would 
not  call  for  their  use.  It  is  evident  that  a  portion  of  this  percentage 
for  impact  can  be  considered  as  an  increase  of  the  live  load  itself,  as 
long  as  we  reduce  the  impact,  for  instance,  by  reducing  the  velocity  of 
the  live  load,  thus  bringing  the  latter  nearer  to  a  static  loading.  The 
result  would  be,  however,  that  the  different  members  of  the  bridge 
would  be  subjected  to  different  unit  stresses.  This  is  allowable  for 
small  variation  of  the  live  load,  but,  in  the  last  few  years,  the  increase 
in  the  weight  of  the  rolling  load  has  been  extraordinary,  as  the  follow- 
ing figures  will  show.  In  the  beginning  of  this  decade  a  great  number 
of  bridges  were  in  service  which  were  designed  originally  for  a  live 
load  consisting  of  two  engines  of  55  tons  each,  followed  by  cars 
weighing  20  tons  each,  while  the  new  Specifications  of  that  time  called 
*  Continued  from  October,  1899,  Proceedings. 
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for  a  live  load  consisting  of  100-ton  engines  and  cars  of  40  tons.     At  Mr.  Kunz. 
the  present  time,  most  railroads  specify  engines  weighing  120  up  to 
175  tons  (Lehigh  Valley  Mountain  Engine)  and  cars  -weighing  up  to  50 
tons,   and  more,  and  there  is  no  indication  that  the  limit  has  been 
reached. 

In  1895,  when  the  Pencoyd  Iron  Works  were  building  a  great  number 
of  bridges  for  the  Missouri,  Kansas  and  Texas  Railway,  they  allowed 
in  their  designs — "  Pencoyd  Standards" — for  a  future  increase  of  the 
live  load  in  the  following  manner: 

The  unit  stress  of  the  Pencoyd  Specifications  for  soft  steel  is  15  000 
lbs.  per  square  inch,  but  there  is  no  reason  why  the  material  could  not 
be  stressed  to  two-thirds  of  the  elastic  limit,  i.  e. ,  20  000  lbs.  per  square 
inch  if  necessary.  It  was  determined  what  increase  of  live  load,  con- 
sidering the  impact,  corresponded  to  an  allowable  unit  stress  of  20  000 
lbs.  per  square  inch  in  the  chords.  This  increase  depends,  of  course, 
on  the  ratio  of  the  dead  load  to  the  sum  of  the  live  load  and  the  per- 
centage for  impact,  and  is  a  minimum  when  the  dead  load  —  0,  in 
which  case  it  is  33  per  cent.  The  chords  were  selected  because  of 
their  considerable  weight,  amounting  to  about  one-half  of  the  whole 
truss,  and  because  they  are,  of  all  the  truss  members,  affected  the 
least  by  an  increase  of  the  live  load,  since  the  ratio  of  the  approxi- 
mately constant  dead-load  stress  to  the  stress  caused  by  the  varying 
live  load  is  the  greatest.  For  ordinary  plate-girders  the  allowable 
increase  was  found  to  be  35  to  38,%;  for  a  100-ft.  lattice  girder,  40%; 
for  a  150-ft.  pin  bridge,  41%;  and  for  a  250-ft.  pin  bridge,  45  per  cent. 
As  an  average,  42%  was  assumed,  and,  with  a  live  load  increased  by 
this  amount,  with  the  corresponding  percentage  for  impact  and  a  unit 
stress  of  20  000  lbs.  per  square  inch,  the  web  members  and  the  floor 
were  proportioned.  This,  of  course,  is  exact  only  when  the  wheel 
spacing  and  the  ratio  of  the  wheel  loads  would  remain  the  same. 

The  resulting  increase  in  sections  was  comparatively  small,  and,  as 
a  rule,  affected  only  the  diagonals  and  counters,  the  floor  and  the  con- 
nections, and  in  some  cases  necessitated  the  use  of  extra  counters.  For 
the  details,  unit  stresses  increased  by  one-third  over  their  amount 
otherwise  allowed  have  been  used. 

The  Pennsylvania  Railroad  Specifications  of  1897  contain  a  similar 
clause;  it  allows  for  100%  increase  of  live  load  and  a  unit  stress  of 
30  000  lbs.  per  square  inch,  respectively,  twice  the  unit  stress  other- 
wise allowed. 

It  is  interesting  to  note  that  in  Europe,  although  specifications 
using  a  percentage  of  the  live  load  for  impact  which  varies  with  the 
loaded  length  have  been  proposed  (by  Professor  Melan,  1893),  they 
have  not  been  officially  recognized  as  yet;  some  of  the  railroads  using 
a  more  or  less  changed  Launhardt-Weyrauch  formula  (France,  Switzer- 
land and  part  of  Germany),  others  using  a  higher  unit  stress  for  longer 
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Mr.  Kunz.  spans  than  for  shorter  ones,  but  making  no  distinction  between  differ- 
ent members  or  between  dead  or  live-load  stresses  (Prussia,  Austria, 
Eussia),  and,  again,  others  increasing  the  live-load  25  to  50%,  irre- 
spective of  truss  member  or  length  of  span  (Prussia,  Bavaria,  Saxony). 
The  most  elaborate  instructions  concerning  the  proportioning  of  diag- 
onals have  been  given  in  a  circular  of  July  21st,  1899,  by  the  Prussian 
Minister  of  Public  Works : 

First,  where  diagonals  capable  of  tension  only  are  used,  provide 
counters  in  every  panel  in  which  a  live-load  increased  by  50%  reverses 
the  stress  of  the  main  diagonal,  the  section  as  well  as  the  number  of 
connecting  rivets  of  all  the  counters  to  be  made  the  same  as  for  the 
counters  for  the  middle  panel  or  panels.  The  counters  are  to  be  put 
in  place  after  the  bridge  is  swung,  the  holes  for  the  connecting  rivets 
on  one  end  to  be  drilled  in  the  field  in  such  a  manner  as  to  give  an 
initial  tension. 

Second,  when  stiff  diagonals  are  used  the  counter  stresses  have  to 
be  determined  with  the  original  live  load  (without  any  increase),  but, 
in  proportioning  the  diagonals,  the  stresses  of  which  can  be  reversed, 
use  throughout  the  counter  stress  of  the  diagonals  of  the  middle  panel 
or  panels,  assuming  only  one  diagonal  as  acting. 

Mr.  Baker.  Ika  O.  Baker,  M.  Am.  Soc.  C.  E.  (by  letter). — In  submitting  the  fol- 
lowing, the  writer  has  the  feeling  that  possibly  it  is  too  elementary 
and  too  nearly  self-evident  to  warrant  its  presentation  in  this  place. 
However,  since  no  treatise  on  bridges,  which  is  known  to  the  writer, 
even  mentions  the  matter,  and  since  two  computers  of  two  of  the  best 
of  the  smaller  bridge  manufacturers  certainly  do  not  know  of  the 
method,  it  will  be  briefly  stated.  The  writer  has  used  this  method 
in  his  class-room  for  over  twenty  years. 

In  finding  the  stresses  in  the  web  members  of  a  railroad  bridge,  due 
to  a  uniform  load,  it  is  apparently  the  custom  to  use  the  same  load, 
whatever  the  proportion  of  the  span  covered,  regardless  of  the  fact 
that  the  equivalent  uniform-load  corresponding  to  the  ordinary  train 
increases  as  the  length  of  load  considered  decreases.  For  example, 
assume  that  it  is  proposed  to  find  the  web  stresses  in  a  six-panel,  120- 
ft.  span,  due  to  a  given  engine  and  train.  The  equivalent  uniform 
load  for  120  ft.,  according  to  a  standard  diagram,  is  4  545  lbs.  per 
lineal  foot  of  track;  and  this  is  the  load  to  be  used  in  finding  the 
stress  in  the  inclined  end  post.  To  produce  a  maximum  in  the  tie  in 
the  panel  next  to  the  end,  the  load  should  cover  four  panels,  or  4  x  20  = 
80  ft.  The  equivalent  uniform-load  for  80  ft.  is  4  650  lbs.  per  foot, 
and  this  load  should  be  used  in  finding  the  stress  in  the  tie  in  the 
second  panel.  Similarly,  the  load  for  the  third  panel  is  5  050  lbs.  per 
foot,  and  for  the  fourth  panel  5  670  lbs.  per  foot. 

If  the  writer  is  correct  in  his  belief  that  the  above  method  is  not 
generally  used,  then  when  the  maximum  web  stresses  are  computed 
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by  using  an  equivalent  uniform-load,  they  are  generally  less  than  the  Mr.  Baker, 
actual  stresses,   and  the  difference  is  greater  in  the  counterstresses 
than  in  the  main  stresses. 

Henry  S.  Prichakd,  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer  Mr.  Prichard. 
does  not  share  Mr.  Seaman's  belief  that  an  intimate  connection  exists 
between  insufficient  provision  for  counterstresses  and  the  use  of  wheel 
concentrations  in  designing  bridges.  At  any  rate  there  is  nothing  to 
prevent  those  who  prefer  the  use  of  wheel  concentration  from  having 
sound  judgment  regarding  the  proper  provision  for  counterstresses.  It 
may  be  that  the  present  loads  will  not  be  greatly  increased  in  the  future, 
but  the  author  cannot  agree  with  Mr.  Seaman  that  there  seems  to  be 
no  possibility  of  doubling  the  loads  for  which  the  heaviest  bridges  are 
now  designed.  At  any  time  during  the  past  15  years  there  have  been 
those  who  thought  that  the  increase  in  loading  had  reached  its  limit. 
If  the  limit  has  now  certainly  been  reached,  then  the  provision  pro- 
posed for  counterstresses  would  probably  be  greater  than  necessary, 
but  so  also  would  be  the  provision  generally  made  for  all  the  other 
stresses. 

As  Professor  Jacoby  points  out,  an  increase  of  100%  in  the  live-load 
stresses,  besides  the  addition  for  impact,  is  not  simply  to  provide  for 
the  gradual  future  increase  of  loads.  It  is  in  reality  a  factor  of  safety 
against  any  contingency  in  which  the  effect  of  the  load  on  counter- 
stresses  is  greater  than  would  be  anticipated  from  the  normal  loading. 
The  author  would  not  consider  it  wise  to  make  this  factor  of  safety  as 
low  as  4:2%,  as  Mr.  Kunz  stated  was  done  in  the  cases  he  cites  of 
bridges  for  the  Missouri,  Kansas  and  Texas  Railway.  If,  in  those 
bridges,  the  effect  of  the  load  was,  from  any  cause,  slightly  more  than 
42°^  in  excess  of  what  would  be  anticipated  from  the  normal  load, 
then,  as  regards  all  stresses  other  than  counterstresses,  the  effect 
would  simply  be  to  increase  the  stresses  to  slightly  over  20  000  lbs. 
per  square  inch;  but,  for  counterstresses,  the  effect  might  be  to  put 
counterstresses  where  no  provision  whatever  has  been  made  for  them. 

The  writer  prefers  the  provision  cited  by  Mr.  Kunz  as  given  in  the 
Pennsylvania  Railroad  Specifications  of  1895.  This  provision,  which 
consists  of  doubling  both  the  live  load  and  the  allowed  unit  stress, 
was  made  at  the  writer's  suggestion,  after  a  preliminary  draft  of  the 
specifications  had  been  submitted  to  him  for  criticism. 

Mr.  Kunz's  synopsis  of  European  practice  is  interesting,  but  the 
instructions  by  the  Prussian  Minister,  to  which  he  refers,  seem  to  be 
more  complicated  than  scientific. 

The  influence  of  the  wind  in  reversing  stresses  should  be  considered, 
as  stated  by  Professor  Jacoby,  but,  as  the  maximum  wind  pressure,  in 
combination  with  the  other  conditions  which  tend  to  reverse  stresses, 
does  not  occur  frequently,  it  would  seem  to  be  justifiable,  in  providing 
for  its  influence,  to  use  high  unit  stresses. 
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Mr.  Prichard.  Professor  Baker  has  shown  conclusively  that  a  bridge  designed  for 
a  uniform  load  will  have  less  provision  for  web  stresses  in  general 
and  counterstresses  in  particular,  in  comparison  with  the  provision 
for  chord  stresses,  than  it  would  have  were  it  designed  for  the  usual 
engine  and  train  load.  While  having  no  connection  with  the  subject 
under  discussion,  it  may  be  remarked,  incidentally,  that  Professor 
Baker's  analysis  also  indicates  the  difficult  nature  of  the  problem 
which  confronts  those  who  are  striving  to  find  some  simple  substitute 
for  the  method  of  determining  stresses  from  the  engine  wheel  concen- 
trations. Any  one  who  is  expert  in  the  use|of  the  moment  diagram  will 
find  that  for  ordinary  cases  it  takes  less  time  and  trouble  to  use  the 
method  of  wheel  concentrations  than  it  would  to  use  an  equivalent 
uniform  load  if  a  different  equivalent  had  to  be  determined  for  each 
different  position  of  the  load. 


Vol.  XXV.  NOVEMBER,  1899.  No.  9. 


AMEEICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

INSTITUTED    1852. 


PAPERS  AND  DISCUSSIONS. 

Note.— This  Society  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advanced 
in  any  of  its  publications. 


THE  REACTION  BREAKWATER  AS  APPLIED  TO 

THE  IMPROVEMENT  OF  OCEAN  BARS. 

Discussion.* 


By  Messrs.  Elmer  L.  Corthell,  Henrt  L.  Marindin,  George  Y. 
AVisner,  Thomas  W.  Stmons,  H.  C.  Ripley,  Thomas  D.  Pitts 
and  Lewis  M.  Haupt. 


E.  L.  Corthell,  M.  Am.  Soc.  C.  E.   (by  letter). — The  writer  hesi-  Mr.  Corthell. 
tates  to  discuss  this  paper  for  the  reason  that  it  deals  with  an  un- 
completed work,  which  is  so  exceptional,  as  to  the  theory  upon  which 
it  is  based,    that   the    paper    describing  it  seems  to  be  prematurely 
issued  and  unsatisfactory  for  discussion. 

.  The  writer  desired  sincerely  that  the  means  should  be  furnished 
to  complete  the  work  according  to  the  plans  of  its  designers,  in  order 
that  it  might  be  demonstrated  whether  the  peculiar  theory  upon  which 
they  are  basad  is  correct;  for  the  cost  will  be  only  about  one-third  of 
the  usual  cost  of  obtaining  deep  water  over  sea  bars. 

The  author,  however,  has  had  the  boldness  to  attack  the  methods 
generally  adopted  hitherto,  and  he  has  advanced  certain  theories  and 
made  certain  claims  for  them,  and  in  so  doing  has  necessarily  criti- 
cised plans  based  on  other  and  opposed  theories.  It  is,  therefore, 
necessary  to  consider  the  paper  carefully,  which,  however,  the  present 

*This  discussion  (of  the  paper  by  Lewis  M.  Haupt,  M.  Am.  Soc.  C.  E.,  printed  in 
Proceedings  for  September,  1809)  is  printed  in  Proceedings  in  order  that  the  views  ex- 
pressed may  be  brought  before  all  members  of  the  Society  for  further  discussion.  (See 
rules  for  publication,  Proceedings,  Vol.  rxv,  p.  71.) 

Communications  on  this  subject  received  prior  to  December  22d,  1899,  will  be  pub- 
lished in  the  next  volume  of  Transactions. 
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Mr.  Corthell.  engagements  of  the  writer  do  not  permit  him  to  do;  he  can  only 
hastily  give  a  resume  of  the  subject. 

The  terms  used  and  the  words  coined  by  the  author  are  not  entirely 
understood  by  the  writer,  and  he  may  not  be  correct  in  translating 
them  into  common  language. 

It  is  not  quite  clear  what  the  word  "  reaction  "  means,  or  such  an 
expression  as  this,  "  the  curved  form  of  the  breakwater  is  such  as  to 
develop  the  potential  energy  of  the  ebb  currents,  rendering  them 
kinetic."  It  is  easily  understood  that  a  current  impinging  against 
the  concave  bank  of  a  river  scours  out  the  bed  near  the  bank,  but 
just  how  this  can  exist  in  the  case  of  a  convex  bank  is  not  so  easy  to 
understand;  for  it  must  be  remembered  that  one  of  the  essential 
features  of  this  work  is  its  "S"-form — a  "compound  and  reverse 
curve. " 

It  might  be  expected  in  a  river  that  a  current  passing  from  one 
concave  bank  to  another  concave  bank,  as  is  the  case  at  the  Aransas 
channel,  would  necessarily  make  what  river  men  call  a  "crossing," 
and  that  on  this  crossing,  or  reversion  point  of  the  current,  there 
would  be  a  slackening  of  the  velocity  and  a  deposit  of  sediment. 
There  seems  to  be  such  action  going  on  at  Aransas  and  a  shoaling  at 
this  reversion,  which  no  doubt  will  always  exist  and  will  give  a 
limited  depth  at  that  point  unless  it  is  deepened  artificially. 

The  entirely  new  idea  that  "it  is  not  velocity  *  *  *  that  con- 
stitutes the  working  force  to  produce  scour,  but  reaction  "  is  so  entirely 
opposed  to  all  accepted  ideas  of  river  and  harbor  engineers  and  their 
experience,  that  it  is  difficult  to  understand. 

The  writer,  in  the  course  of  the  last  25  years,  has  had  occasion, 
not  only  to  build  works,  but  to  examine  many  personally,  not  only 
in  this,  but  in  other  countries,  as  well  as  to  conduct  an  extensive 
correspondence  with  engineers  engaged  on  similar  works,  and  he 
must  say  that  the  views  of  the  author  are  not,  he  believes,  in  accord 
with  successful  practice.  The  writer  will  not  say  that  a  single-legged, 
worm  jetty  would  not,  in  some  situations,  obtain  the  desired  results, 
but  to  adopt  it  as  a  general  principle  is,  he  believes,  unsound. 

The  author  refers,  for  confirmation  of  his  views,  to  the  Dublin 
harbor  works,  which  the  writer  has  examined,  but  has  found  so  entirely 
different  in  conditions  and  plans  from  those  at  Aransas  that  he  does 
not  see  the  force  of  the  comparison.  The  tidal  opening  at  the  land 
end  of  the  North  Wall  at  Dublin  is  only  600  ft.  long,  and  the  dike  itself 
is  9000  ft.  long.  The  tides  in  Dublin  Bay  not  only  rise  13  ft.  as  against 
a  little  over  1  ft.  at  Aransas,  but  this  great  range  of  tide — which,  by 
the  way,  is  semi-daily,  instead  of  daily,  as  at  Aransas — and  the  local 
configuration  of  the  shores  cause  peculiar  and  opposing  currents,  which 
this  opening  and  the  direction  and  extent  of  the  "North  Wall"  took 
advantage  of;  and — which  constitutes  the  greatest  difference— there  is 
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a  solid  wall  16  000  ft.  long  on  the  opposite  side  of  the  channel  con-  Mr.  Corthell. 
nected  with  the  main  land,  all  above  water. 

It  is  to  be  noted,  further,  that  the  channel,  formed  so  successfully 
by  scouring  action  through  the  bar,  is  at  the  narrowest  place  between  the 
two  jetties,  and  that  where  the  "  North  Wall "  flares  away  from  the 
"  South  Wall"  and  leaves  a  very  wide  opening,  the  entire  distance  has 
to  be  dredged  continually  to  make  and  maintain  the  depth.  In  fact, 
from  the  bridge  at  Carlisle  Street,  in  the  port,  to  within  1  000  ft.  of  the 
sea  end  of  the  "  South  WaU,"  which  is  the  guiding  and  longest  jetty, 
the  improvement  in  the  channel  is  due  solely  to  dredging,  the  effect  of 
the  scour  being  inappreciable. 

One  purpose  of  the  Aransas  breakwater  is  to  "  arrest  the  littoral 
drift,"  and  for  this  purpose  it  is  built  on  the  "windward"  side  of 
the  channel.  The  author  presents  no  data  to  show  that  the  "wind- 
ward "  side  is  the  north  and  east  side.  The  writer's  recollection  is 
that  the  preponderance  of  winds  is  from  the  south  and  west,  and 
that  the  winds  and  the  currents  are  up  the  coast  during  most  of  the 
year.  However,  that  is  a  matter  of  fact  to  be  ascertained  from  the 
anemometer  records  at  Aransas  or  Galveston.  As  to  currents  in  the 
Gulf  of  Mexico,  the  writer  believes  the  following  to  be  generally  the 
conditions: 

The  current  enters  through  the  Yucatan  Channel,  and  goes  out 
through  the  Florida  Channel— so  far,  at  least,  as  surface  currents  are 
concerned.  The  former  moves  up  the  coast,  hugging  it  in  the  Bay  of 
Campeachy,  past  the  mouth  of  the  Coatzacoalcos  River  at  the  Isthmus 
of  Tehuantepec,  past  Vera  Cruz,  and  then  begins  to  spread  out  into 
the  great  area  of  the  Gulf.  Nearing  the  mouth  of  the  Mississippi, 
but  still  some  distanc'e  off,  it  gathers  itself  together  for  its  passage 
through  the  Florida  Straits,  its  velocity  gradually  becoming  greater. 
All  along  this  part  of  the  coast  there  is  a  reactionary  or  eddy  current 
which  moves  in  the  opposite  direction,  and  which  is  felt  as  far  west  as 
Galveston  and  the  mouth  of  the  Brazos,  though  with  much  diminished 
force.  A.t  Aransas  there  is  no  appearance  of  the  Gulf  Stream  for 
probably  150  miles  offshore;  it  is  opposite  the  widest  expansion  and 
the  slackest  current  of  the  Gulf  Stream.  The  winds  cause  the  currents, 
and  but  little  reliance  can  be  placed  on  the  westward  drift.  For  this 
reason  the  opening  which  is  left  between  the  jetty  and  the  land  is  of 
only  theoretical  advantage,  and  the  writer  believes  it  to  be  a  positive, 
practical  disadvantage.  This  was  his  contention  in  reference  to  the 
old  plans  at  Galveston,  and,  as  a  lesson  from  these  works,  the  follow- 
ing is  abstracted  from  his  paper  on  the  South  Pass  Jetties:* 

The  flood  volume  of  the  river,  and  the  full  volume  of  the  tides,  are 
the  powers  which  the  engineer  should  call  to  his  aid.     Lateral  outlets 
near  the  land  should  not  be  provided.     Ostensibly,  they  are  for  the 
*  Transactions,  Am.  Soc.  C.  E..  Vol.  xiii,  p.  326. 
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Mr.  Corthell.  purpose  of  letting  the  tides  into  the  bars,  but  it  is  through  them  at  the 
ebb  that  they  seek  to  find  the  lower  level  of  the  sea,  instead  of  taking 
the  longer  and  more  difficult  course  along  the  inside  of  the  works, 
where  there  is  a  pronounced  frictional  resistance  to  current  move- 
ment. 

This  important  feature  of  harbor  improvement  was  explained  so 
clearly  by  the  late  James  B.  Eads,  M.  Am.  Soc.  C.  E.,  in  his  discussion 
of  the  writer's  paper  that  it  will  be  useful  to  refer  to  it  in  order  to  set 
ourselves  right  on  this  point. 

The  writer  has  made  a  special  study  of  most  of  the  river  mouths  and 
harbor  entrances  on  the  North.  Baltic  and  Zuyder  Seas— there  are  over 
25  of  them — and  he  knows  of  no  instance  where  there  are  not  two 
jetties  contracting  the  channel-way  and  concentrating  the  fluvial  or 
tidal  flow.  These  parallel  jetties  are  not  always  equal  in  length,  but 
there  are  always  two  of  them;  and  while  in  the  nearly  tideless  seas  of 
the  Baltic  and  the  Zuyder  Zee  dredging  has  to  be  done  to  some  extent, 
there  is  no  doubt  whatever  that  the  two  jetties  are  the  cause  of  the  suc- 
cessful maintenance  of  the  deep  channels  which  have  been  maintained 
there  for  many  years,  the  depths  of  which  are  gradually  increased  to 
accommodate  the  increasing  drafts  of  vessels. 

Further,  before  quoting  Air.  Eads'  discussion,  the  writer  desires  to 
state  some  facts,  in  reference  to  the  Tampieo  harbor  works,  which  may 
have  a  bearing  on  the  "  reaction  "  theory  of  the  author.  They  will  at 
least  furnish  a  remarkable  proof  of  the  correctness  of  Mr.  Eads'  views, 
expressed  seven  years  before  their  occurrence.  The  details  of  the 
history  of  the  Tampieo  works  will  be  found  in  the  Proceedings  of  the 
Institution  of  Civil  Engineers.* 

The  Panueo  River,  which  flows  into  the  Gulf  of  Mexico  at  Tampieo, 
is  one  of  the  largest  in  Mexico.  The  area  of  its  water-shed  is  about 
36  000  square  miles.  The  periodicity  of  its  floods  is  very  variable. 
Sometimes  there  is  a  period  of  3  to  5  years  between  them.  The  works 
at  the  mouth  of  the  river  consist  of  two  parallel  rectilinear  jetties,  1 000 
ft.  between  center  lines.  They  are  built  of  rough  stone,  with  a  founda- 
tion and  hearting  of  mattress  work.  The  depth  on  the  bar  about  one 
mile  from  the  shore  was  about  8  ft. 

The  works  were  pushed  to  completion  with  great  rapidity.  They 
were  completed  in  December,  1892.  Two  or  three  small  rises,  and  the 
tidal  flow  had  deepened  the  channel  to  about  17  ft. 

In  July,  1893,  a  heavy  rise  came.  It  found  its  usual  outlet 
partially  dammed— walls  on  the  sides  and  a  bar  between.  It  raised 
the  surface  of  the  water  at  least  2  ft.  at  Tampieo,  7  miles  from  the 
Gulf;  but  the  force  brought  to  play  upon  the  bar  was  tremendous. 
Slope  observations  made  during  the  rise — which  lasted  from  July  12th 
to  August  1st — showed  that  the  fall  of  the  surface  at  the  sea  end  of 
*  Minutes  of  Proceedings,  Inst.  C.  E..  Vol.  exxv,  1895-96,  pp.  243-262. 
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the  jetties  varied  from  about  0.5  to  2.75  ft.  per  mile.     The  velocity  Mr.  Corthell. 
was  over  8  miles  per  hour.     The  total  amount  of  material  scoured  out 
of  the   bar  and   discharged  into  the   sea  in   that  flood  was  1  201  985 
cu.  yds.,  in  addition  to  about  7  500  000  cu.  yds.  of  suspended  matter. 

The  "reaction"  upon  this  bar  by  these  forces  consisted  simply 
in  moving  a  great  volume  of  water  down  a  steep  slope;  it  acted 
vigorously  upon  the  bed  of  the  stream  and  swept  it  out  to  sea. 

Another  great  flood,  in  1895.  accomplished  the  same  results,  but  it, 
finding  a  deep  channel,  spent  its  force  in  widening  and  deepening  it 
the  entire  distance  between  Tampico  and  the  mouth  of  the  river,  and 
restoring  the  sections  which  had  become  contracted  there  by  the 
deposit  of  sediment  in  the  floods  which  had  occurred  during  the 
construction  of  the  works. 

With  these  facts — and  similar  ones  from  other  works  might  be 
mentioned — let  the  reasons  for  such  satisfactory  results,  given  in 
discussing  the  writer's  paper  on  the  South  Pass  Jetties  and  the 
Galveston  harbor  plans,  be  stated  by  Mr.  Eads:* 

"The  Jetty  Sxstem  Explained. 

"  It  is  known  to  all  engineers  familiar  with  harbor  improvements, 
that  the  jetty  system  is  a  method  of  deepening  and  maintaining  a 
channel  across  a  shoal  by  such  works  as  shall  compel  the  water  flowing 
over  the  shoal  to  pass  through  a  narrower  channel;  but,  as  this  paper 
will  be  read  by  some  who  are  not  familiar  with  harbor  improvements, 
I  will  be  pardoned  for  stating  the  following  elementary  principles 
which  control  such  problems: 

"  First. — A  current  is  caused  by  the  fall  of  water  from  a  higher  to  a 
lower  level,  which  fall  is  indicated  by  the  slope  or  inclination  of  the 
surface  of  the  water.   - 

"Second. — Friction  of  the  bed  over  which  the  water  flows  is  the 
chief  force  opposed  to  the  current. 

"  Third. — The  velocity  of  the  current  will  be  increased  by  either 
increasing  the  sloj^e  of  surface  or  by  increasing  the  volume,  or  by  les- 
sening the  friction. 

"  Fourth. — The  friction  increases  as  the  width  of  the  bed  increases; 
that  is  to  say,  if  the  bed  of  the  channel  be  twice  as  wide,  the  friction 
will  be  doubled;  if  its  width  be  reduced  one-half,  the  friction  will  be 
reduced  one-half. 

"  Fifth. — The  power  of  water  to  transport  sand  increases  with  the 
square  of  the  velocity. 

"As  every  grain  of  sand  that  lies  upon  the  shoal  is  brought  by  the 
current  and  left  there,  because  it  could  take  it  no  further,  it  follows 
that  we  cannot  hope  to  deepen  the  channel,  except  by  increasing  the 
current.  This  can  be  done  in  three  ways,  but  in  this  case  it  is  impos- 
sible to  do  it  at  first,  except  by  increasing  the  slope  of  surface.  After 
the  current  is  increased,  deepening  commences,  and  as  the  contracted 
channel  enlarges,  the  slope  is  gradually  reduced  to  its  former  inclina- 
tion. When  this  occurs  the  old  rate  of  current  would  return,  but  the 
other  two  elements,  namely,  increase  of  volume  and  diminished  friction, 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xv,  p.  2&4,  et  seq. 
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Mr.  CortheU.  then  continue  the  abnormal  acceleration.  As  the  deepening  goes  on  a 
reduction  of  slope  follows,  and  this  finally  reduces  the  velocity  so  much 
that  deepening  ceases.  The  slope  results  from  the  difference  of  the 
heights  of  the  water  in  the  Bay  and  the  Gulf.  To  facilitate  the  flow 
from  one  to  the  other,  by  leaving  openings  through  the  jetties,  tends  to 
keep  these  heights  nearer  alike  and  the  resulting  slope  between  them 
must  then  be  less,  not  greater.  This  is  precisely  what  we  do  not  want 
atfirst.  ******** 

"  Outlets  Through  the  Jetties. 

"  As  the  reader  may  not  at  once  perceive  the  mistake  of  leaving  these 
openings  to  facilitate  the  flow  into  the  bay,  I  will  explain  that,  in  a 
state  of  nature,  the  immense  frictional  surface  over  which  the  flood 
water  has  to  pass  in  filling  the  bay  retards  it  so  much,  that  the  tidal 
rise  in  the  Bay  at  Galveston  is  probably  10%  less  than  it  is  outside  of 
the  bar.  On  the  other  hand,  the  discharge  of  the  ebb  is  retarded  by 
the  same  cause,  making  the  total  rise  and  fall  just  inside  of  the  harbor 
probably  20%"  less  than  it  is  at  the  same  depth  outside  of  the  bar. 

"  The  bottom  of  the  channel  is  composed  of  separate  grains  of  sand, 
without  the  slightest  cohesion  or  bond.  They  were  brought  here  by 
currents  and  left,  because  those  currents,  from  some  cause  or  other, 
became  too  feeble  to  carry  them  further.  Now,  the  reader  must  remem- 
ber, first,  that  a  current  depends  upon  the  slope  of  surface  of  the  water 
(not  upon  the  slope  of  the  bottom),  and  second,  that  the  excavating  or 
transporting  power  of  the  water  depends  upon  the  velocity  of  the  cur- 
rent. This  excavating  power  or  velocity  of  the  current  must  be  made 
greater  than  it  now  is  over  the  bar,  or  the  channel  cannot  be  perma- 
nently deepened  by  any  artificial  structures  known  to  the  science  of 
engineering.  And  yet  no  engineer  can  increase  this  velocity  perma- 
nently, as  will  soon  appear.  But  the  velocity  must,  nevertheless,  be 
increased,  or  these  masses  of  sand  composing  the  bar  cannot  be  perma- 
nently removed.  How  can  the  velocity  of  a  current  be  increased  ?  In 
three  ways.  First,  by  increasing  the  slope  of  surf  ace,  which  is  the  cause 
(or  rather  the  exemplar  of  the  cause)  of  the  current.  Second,  by  lessen- 
ing the  frictional  resistance  of  the  bed.  Third,  by  increasing  the  volume 
or  mass  of  the  water.  We  cannot  avail  of  these  last  two  methods  at 
first,  but  after  we  shall  have  once  increased  the  velocity  by  permanent 
works,  these  two  last  means  will  then  ultimately  come  to  our  aid.  At 
first  we  have  absolutely  no  power  to  increase  the  velocity  of  current  but 
by  increasing  the  slope  of  surface.  These  slopes  are  alternately  towards 
the  sea  and  from  the  sea,  accordingly  as  the  tide  fills  and  empties  the 
bay.  They  are  by  no  means  steep,  as  the  average  maximum  tides  are 
but  a  little  over  a  foot  high.  The  force  of  the  present  currents 
resulting  from  these  low  slopes  cannot  overcome  the  force  of  gravity 
in  the  grains  of  sand  composing  the  bed  of  the  channel.  With  the 
present  slopes,  volume  and  frictional  resistance,  the  equilibrium 
between  the  velocity  or  transporting  force  of  the  current  and  the  force 
of  gravity  in  the  sand  is  reached  when  the  depth  of  13  ft.  occurs  on 
the  bar.  If  we  should  suddenly  deepen  the  channel  by  dredging,  it 
would  be  larger  than  Nature  demands  under  the  present  conditions. 
The  bay  would  then  fill  more  easily,  the  slopes  would  be  lower,  the 
velocity  less,  and  soon  after  the  dredging  ceased,  the  enfeebled  current 
would  drop  its  burden  of  sand  in  the  enlargement,  and  restore  the 
present  depth.  On  the  other  hand,  if  we  could  suddenly  drop  a  million 
tons  of  sand  in  the  channel,  and  reduce  the  depth  a  few  feet,  what  would 
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occur?  The  bay  would  not  till  so  rapidly,  and  steeper  slopes  would  Mr.  Corthell. 
occur  in  consequence.  These  would  create  greater  current  velocities, 
and  the  removal  of  the  obstruction  would  be  effected  in  a  little  while; 
and,  with  the  recovery  of  the  13  ft.,  the  bay  would  fill  more  easily, 
the  slopes  would  diminish,  and  the  former  velocities  of  current  would 
be  restored.  The  slope  results  from  the  difference  of  level  between 
the  surfaces  of  the  Gulf  and  the  Bay.  Any  one  can  see  that  the  more 
freely  the  water  can  flow  from  one  to  the  other,  the  less  difference  will 
there  be  between  the  heights  of  their  respective  surfaces,  and,  conse- 
quently, the  less  will  be  the  slope  of  surface  through  the  channel  be- 
tween them,  and  the  less  will  be  the  current  velocity.  This  is  certainly 
the  very  opposite  of  what  we  must  have  to  produce  deepening.  We 
must  have  more  rapid  currents,  and  nothing  but  steeper  slopes  will 
produce  them.  Hence  it  is  evident  that  large  openings,  and  a  freer 
communication  with  the  bay  through  them,  and  over  low,  submerged 
jetties,  are  precisely  what  we  do  not  want. 

"Let  us  suppose  that  jetties  were,  at  mean  tide,  suddenly  placed 
across  the  bar,  3  000  ft.  apart,  and  extended  from  30  ft.  depth  inside 
to  30  ft.  depth  outside,  and  were  so  high  and  tight  that  all  the  water 
which  passes  in  or  out  of  the  bay  is  compelled  to  pass  through  them. 
When  the  tide  rises  it  will  be  impossible  for  the  bay  to  fill  as  fast  as 
before.     The  tide  outside  rising  only  to  its  normal  height  will  produce 
a  steeper  slope  through  the  jetty  channel  than  existed  in  that  locality 
before,  because  the  surface  of  the  bay  must  be  lower,  as  it  will  have 
been  deprived  of  a  large  part  of  its  normal  volume  of  the  flood.     This 
steeper  slope  will  produce  a  more  rapid  current  into  the  bay,  over 
sands  which  are  only  quiescent  under  the  present  velocity.     If  this 
slope  increases  that  velocity  from  3  to  4  miles  per  hour,  which  is  not 
an  unreasonable  supposition,  the  transporting  power  of  the  water  will 
be  increased  from  9  units  to  10  units.     Wherever  through  this  jetty 
channel  the  depth  is  least,  there  will  the  current  be  most  rapid.    Hence 
the  inflow  through  it  will  have  the  effect  of  cutting  down  the  high 
parts  of  the  bottom  first,  and  transporting  these  sands  into  the  deeper 
places.     In  a  few  hours  this  whole  process  is  reversed,  aud  a  steeper 
slope  than  before  will  exist  in  the  opposite  direction,  and  the  sands  of 
this  contracted  channel  will  be  swept  out  to  the  sea,  and  will  there  be 
distributed  by  littoral  currents  or  sea  waves,  out  of  the  way  of  the  out- 
flow from  the  jetties.     Of  course,  the  greatest  increase  of  slope  will 
only  occur  at  first,  and  at  the  highest  and  lowest  periods  of  the  tide;  but 
as  tin-  chan  in-}  deepens  the  volume  increases,  andthe  ratio  of  friction  to  volume 
(li-rrcnst's,  hence  lower  slopes  will  then  produce  equally  rapid  currents. 
Therefore  the  bay  will  ultimately  fill   more  and   more   quickly,   and 
these  abnormal  currents  will  be  thus  toned  down  until  the  deepening 
ceases  and  a  new  condition  of  stable  equilibrium,    or  what  engineers 
call  "  a  new  regimen,"  is  established  between  the  maximum  velocity  of 
the  current  and  the  force  of  gravity  in  the  sand.     When  this  is  reached 
it  will  be  found  that  the  tidal  movement  in  the  harbor  conforms   more 
nearly  to  the  rise  and  fall  in  the  Gulf,  both  in  height  and  time,  and  that 
the  slopes  are  lower  than  at  present.     Because  the   deepening  of  the 
channel  will  continue  until  the  bay  will  again  receive  all  of  the  water 
due  to  the  difference  in  the  tidal  movement,  and  to  the  normal  slopes 
of  surface    occurring  between  the   alternating  levels  of  bay  and  sea 
through  this  deep  channel,  and  as  the  friction  which  now  retards  the 
entry  and  exit  of  the  water  will  be  greatly  reduced  through  it,  a  cor- 
respondingly increased  quantity  of  water  will  enter  the  bay. 

"  Any  excessive  increase  of  tide  caused  by  winds  will  have  the  effect 
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Mr.  Corthell.  of  permanently  increasing  the  depth  of  this  jetty  channel,  and  of  making 
it  more  capable  of  discharging  such  excessive  quantities  of  water  again. 
By  such  abnormal  causes  the  channel  will  be  so  deepened  that  the  cur- 
rents from  ordinary  tides  will  not  be  sufficient  to  disturb  its  bottom. 
The  greatest  work  of  excavation  is  done  when  the  velocities  are  greatest. 
The  channel  with  high  jetties  extending  out  to  deep  water  would  get 
no  accessions  of  sand,  and  the  depth  would  be  permanent.  It  must  be 
apparent,  from  this  explanation,  that  the  object  sought  by  these 
officers,  namely,  facilitating  the  inflow  of  the  tide  into  the  Bays  at  Gal- 
veston, Charleston,  Sabine  Pass,  etc.,  by  leaving  openings  through  the 
jetties  near  the  shore,  is  precisely  the  way  not  to  do  what  they  want  to 
accomplish.  Besides  losing  through  them  the  most  important  agent  for 
deepening  the  channel — the  ebb  tide — they  will  admit  into  the  channel 
all  of  the  sand  which  the  sea  waves  can  bring.  Submerged 'jetties  simply 
aggravate  the  evils  caused  by  these  openings.  They  really  extend  the 
openings  over  the  entire  length  of  the  jetty.  They  prevent,  by  increased 
friction,  the  rapid  inflow  to  All  the  bay;  they  permit  the  loss  of 
the  ebb  tide,  and  thus  lessen  the  force  that  should  be  applied  to  deepen 
the  channel;  and  they  allow  the  waves  to  transport  sand  over  them 
into  the  channel.  Openings  and  submerged  jetties  are  therefore  an 
inexcusable  violation  of  the  very  essence  of  the  jetty  system." 

There  are  some  other  serious  objections  to  the  single-jetty  plan  at 
Aransas.  There  is  no  concentration  of  the  ebb-tide  How  to  make  and 
maintain  a  deep  and  wide  channel.  There  may  be  a  narrow,  curved 
channel  along  the  concave  side  of  the  work,  but  between  that  and  the 
outlet  at  Mustang  Island  there  is  always  likely  to  be  a  troublesome 
shoal  due  to  the  reversion  point  of  the  current  previously  referred  to. 
And  beyond,  at  the  sea  end  of  the  curved  jetty,  there  is  always  likely 
to  be  a  shoal  bar  for  want  of  a  strong  issuing  current  to  sweep  it  away. 
Again,  the  channel  throughout  its  whole  length  along  the  curved  break- 
water is  exposed  to  the  sudden  and  serious  influx  of  sand  at  any  time 
by  southerly  storms. 

In  the  case  of  the  South  Pass  and  Tampico  Jetties,  the  bars  in 
the  sea  are  swept  by  currents  passing  across  the  ends  of  the  jetties. 
The  winds  and  storms  from  the  southeast  at  the  former,  and  the 
"  Northers  "  at  the  latter,  raise  the  surface  of  the  water  in  the  angle 
formed  by  the  East  and  North  Jetties  and  the  shore  line  and  produce 
a  strong  current  around  the  windward  jetty  and  across  the  fore  shore 
of  the  sea  bar,  wearing  it  away  and  thus  retarding  its  growth.  There 
is  no  such  force  to  rely  upon  at  Aransas,  for  the  wide  opening  between 
the  land  and  the  breakwater  will  prevent  it. 

This  discussion  is  not  upon  a  subject  unfamiliar  to  the  writer. 
He  was  the  chief  engineer  of  the  project  for  two  years  during  its  in- 
ception, had  charge  of  the  matter  when  the  charter  was  obtained  from 
Congress  in  1890,  and  made  plans  and  estimates  of  the  works,  which 
consisted  of  two  parallel,  rectilinear  jetties.  He  is  confident,  from  his 
experience  elsewhere  and  knowledge  of  the  conditions  at  Aransas,  that 
his  plans,  if  carried  out,  would  have  given  immediately  a  channel  26 
ft.  deep  and  at  least  200  ft.  wide  at  that  depth,  which  could  have  been 
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maintained  easily  by  keeping  up   the  works,  and  without   resort   to  Mr.  CorthelL 
dredging. 

It  remains  to  call  attention  briefly  to  the  closing  paragraph  of  the 
author's  appendix,  in  which,  after  making  an  erroneous  statement 
about  the  effects  of  the  recent  floods  at  the  Brazos,  he  says: 

"  Thus  demonstrating  the  relative  superiority  of  the  principle  of 
reaction  by  a  single  jetty,  as  applied  at  Aransas,  to  that  of  concentra- 
tion by  twin  jetties  at  the  Brazos  River  bar." 

Let  the  writer  say,  first,  there  is  no  sort  of  comparison  between  the 
conditions  at  the  two  places.  At  Aransas  there  is  simply  a  clean,  salt- 
water, tidal  connection  between  the  Gulf  of  Mexico  and  a  group  of 
bays — Aransas  Bay  with  81£  square  miles  connected  with  Misquete,  St. 
Charles,  Copano  and  Corpus  Christi  Bays,  which  together  have  an  area 
of  273A  square  miles.  At  the  Brazos,  there  is  a  great,  turbulent, 
muddy  river  in  times  of  flood,  1  000  miles  long,  flowing  through  a 
clayey  country,  and  in  floods  vomiting  its  engorgement  out  upon  the 
Gulf;  with  no  tidal  reservoir  whatever,  except  what  exists  in  a  narrow 
river  not  over  400  ft.  wide. 

At  Aransas,  the  normal  depth  on  the  bar  was  about  9  ft.  At  the 
Brazos,  when  the  works  were  begun,  there  was  a  straggling  channel  of 
5  ft.,  which  had  to  be  crossed  by  the  East  Jetty.  The  depth  on  the 
bar  between  the  jetty  lines  was  only  1.5  ft.  Still,  these  works,  though 
never  completed  or  consolidated,  due  to  financial  reverses  by  the 
financiers  of  the  project  and  for  reasons  outside  of  this  project, 
deepened  the  bar  and  made  a  channel  straight  to  sea,  which,  in  1896, 
had  a  depth  of  over  20  ft.  at  average  flood  tide,  the  plane  of  reference 
used. 

The  author  states: 

"Apropos  of  the  severe  floods  in  the  basin  of  the  Brazos  River, 
Texas,  in  July,  it  was  expected  that  the  larger  volume  discharging 
with  greater  velocity  over  the  bar  at  its  mouth  between  parallel  jetties 
would  materially  improve  the  depth.  On  the  contrary,  the  soundings 
show  but  15  ft.  in  several  places." 

The  author  was  misinformed;  for  the  writer  communicated  with  the 
works  and  ascertained  the  following  from  the  engineer  and  superin- 
tendent of  the  railroad  and  terminal: 

' '  October  3d,  1899,  Velasco,  Texas. 

"Letter  just  received.  First  part  rise  deepened  channel  imme- 
diately outside  jetties  to  23  ft.,  mean  low  water.  Latter  part  shoaled 
same  place  to  15  ft.  in  one  small  place,  but  deepened  again  to  16.5  ft. 
within  two  weeks;  now  18  ft.  Very  marked  improvement  in  river 
channel  from  Velasco  to  and  through  jetties.  Never  such  depth  water 
before;  no  harm  to  jetties.  Bar  entirely  outside  jetties.  Now  channel 
deeper  and  wider  in  front  of  jetties  than  ever. 

"  E.  D.  Dorchester." 

The  writer  also  communicated  with  Mr.  William  H.  Coolidge,  the 
attorney  of  the  Reorganization  Committee,  in  Boston,  which  has  general 
charge  of  the  property,  and  the  following  was  received  from  him: 
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Mr.  Corthell.  "  My  instructions  from  Velasco  have  been  to  the  effect  that  almost 
without  exception  the  flood  removed  bars,  etc.,  so  that  there  was  a. 
clear  entrance  drawing  at  least  18  ft.,  and  with  a  very  slight  amount 
of  work  the  depth  would  be  22  or  23  ft.  With  two  or  three  very  slight 
exceptions,  the  water  was  more  than  20  ft.  deep.  The  Government 
having  taken  charge  of  this  property,  I  am  told  that  a  very  few  days 
of  dredging  will  allow  vessels  to  enter  drawing  23  or  24  feet. " 

The  writer's  original  report,  made  after  one  had  been  made  by  the 
Government  Engineer  to  the  effect  that  10  ft.  as  a  maximum  might  be 
maintained  by  jetties  with  a  maintained  channel  of  6  ft.  only;  and  that 
the  $140  000,  already  expended  by  the  Government  without  result, 
should  not  be  supplemented  by  any  additional  amount,  gave  the 
opinion  that  a  channel  20  ft.  deep  could  be  obtained  and  maintained 
by  properly  constructed  jetties.  He  still  believes  this  can  be  done, 
notwithstanding  the  unfortunate  financial  history  of  the  work,  the 
delays  in  construction  and  the  inability  of  the  company  to  complete 
the  works  at  the  time. 
Mr.  Marindin.  Henby  L.  Makindin,  M.  Am.  Soc.  C.  E.  (by  letter). — The  method 
of  improvement  designed  by  Professor  Haupt  for  Aransas  Pass  pre- 
sents three  prominent  features,  the  most  important  of  which,  in  the 
writer's  estimation,  is  the  "reaction  principle  "  as  shown  in  the  cur- 
vature given  to  the  breakwater. 

The  principle  is  based  upon  the  well-known  effect  produced  by 
flowing  water  in  the  concave  bend  of  a  stream  where  the  impingement 
of  the  current  causes  greater  depth  than  in  any  other  part  of  the  cross- 
section,  and,  indeed,  greater  than  in  the  straight  reach. 

The  frequency  with  which  running  water  flows  in  curves  would 
seem  to  amount  to  a  law  of  flowing  streams,  and  this  is  nowhere  illus- 
trated better  than  in  the  case  where  the  stream  is  free  to  carve  out  its 
own  bed,  as  in  the  Lower  Mississippi;  there  the  regimen  lies  in  cur- 
vature, and  it  is  only  when  this  curvature  becomes  excessive,  and 
offers  too  much  resistance  to  the  flow,  that  during  some  period  of 
flood  stage  the  water  takes  a  straight  course — in  the  line  of  least 
resistance — across  the  more  or  less  narrow  neck  of  land  separating  it 
from  the  reach  below — making  what  is  known  there  as  a  "cut-off;'' 
but  this  remedy  is  as  much  a  violation  of  the  regimen  in  one  direction 
as  the  excessive  cuivature  of  the  bend  which  caused  it  was  in  the 
opposite  direction.  The  stream  almost  immediately  proceeds  to  form 
another  bend. 

That  it  is  not  the  mere  velocity  of  current  which  induces  erosion 
of  the  bottom  of  a  channel  must  be  acknowledged  by  witnessing  so 
many  instances  where,  in  one  case,  a  stronger  current  fails  to  produce 
erosion  of  the  bottom,  and  in  the  other  case,  with  the  bottom  com- 
posed of — to  all  appearance — similar  material,  a  weaker  current  main- 
tains greater  corresponding  depths. 

The  New  York  Narrows  is  offered  by  Professor  Haupt  as  an  illus- 
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tration  in  point,  and  is  an  apt  one  mo  far  as  that  a  great  depth   of   LOO  Mr  Uarindin. 
ft.  seems  to  be  maintained  by  the  comparatively  Low  mean  velocity  of 
2  ft.  per  second.     There  are  instances  where  greater  menu   velocities 
fail  to  maintain  10%"  of  the  depth  found  in  the  Narrows. 

The  explanation  offered  by  Professor  Haupt  for  the  great  depth  in 
New  York  Narrows  is  that  a  resultant  force  is  produced  by  the  flood 
stream  flowing  up  on  the  bottom  for  eleven  hours  out  of  the  twelve, 
indicating  a  huge  vertical  eddy.  That  maybe  the  true  explanation, 
but,  in  that  connection,  the  writer  may  be  permitted  to  asb  if  tie  lias 
not  misunderstood  the  report  from  which  the  statement  Ls  taken/ 
Seven  hours  out  of  twelve  would  be  more  in  accord  with  what  has  been 
observed  in  other  parts  of  the  harbor. 

The  flood  current  has  been  observed  to  flow  up  on  the  bottom,  at 
the  mouth  of  the  Hudson,  for  2£  hours  before  the  ebb  current  had 
ceased  to  flow  at  the  surface. 

It  has  also  been  held  that  if  both  ebb  and  flood  currents  could  be 
made  to  follow  the  same  path  or  channel,  although  in  opposite  direc- 
tions, the  problem  of  improving  the  depth  of  outlets  would  be  near  a 
solution.     This  is  seemingly  the  condition  at  New  York  Narrows. 

The  configuration  of  the  shores  at  Aransas  Pass  seemed  fitted  for  a 
*'  compound  and  reverse-curve  breakwater."  The  position  of  the  con- 
cave shore  of  Mustang  Island  made  the  convex  part  of  the  breakwater 
opposite  to  it  possible,  or,  perhaps,  better  fitted  than  a  straight  jetty 
would  have  been,  and,  as  the  thalweg  is  found  close  to  the  shore,  \\  ith 
ample  depth,  it  only  remained  for  this  part  of  the  breakwater  to  arrest 
any  encroachment  upon  the  channel  from  the  north  and  east.  Farther 
down,  the  reaction  principle  becomes  operative  until  the  deeper  water 
is  reached,  beyond  the  bar. 

It  is  not  clear  to  the  writer's  mind  wherein  Professor  Baupt  lias 
provided  for  meeting  the  requirement  stated  in  his  seventh  specifica- 
tion, viz. : 

"  It  (the  breakwater)  should  not  promote  the  growth  of  the  bar 
seaward  by  the  deposit  of  material  removed  from  the  channel  on  the 
outer  slope  of  the  bar." 

If  material  is  being  moved  by  storm  waves,  some  of  it  will  find  its 
way  past  the  outer  end  of  the  breakwater,  and  any  material  held  in 
suspension  or  rolled  along  by  the  ebb  on  the  bottom  of  the  channel 
will  be  deposited  in  front  of  the  outlet,  no  matter  what  form  shall  have 
been  given  to  the  end  of  the  breakwater. 

The  writer  does  not  know  how  much  or  how  little  sediment  is 
brought  down  by  the  ebb  out  of  the  Pass,  but  if  any  amount  is  being 
carried,  and  a  bar  tends  to  form  in  front  of  the  present  curved  end  of 
the  breakwater,  an  extension  in  continuation  of  the  curve  could  Dot 
be  continued  for  any  greal  distance,  for  obvious  reason-:  and  a  re- 
curve would  be  detrimental  to  the  reaction  theory,  without  transferring 
the  reaction  principle  over  a  "  crossing  "  to  another  concave  break- 
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Mr.  Marindin.  water  located  on  the  south  side  of  the  channel.     Such  a  crossing  means 
the  formation  of  a  middle  ground,  with  decreased  channel  depth. 

The  second  important  feature  in  this  improvement  lies  in  having 
provided  a  wide  gap  at  the  shore  end  of  the  breakwater  for  the  free 
passage  of  the  flood  tide,  to  fill  the  tidal  reservoirs  above  the  Pass,  at 
a  point  which  is  not  occupied  by  any  considerable  ebb  stream,  the 
strength  of  the  ebb  occupying,  as  it  does,  the  concave  shore  of  Mustang 
Island. 

It  is  evident  that  where  the  working  power  of  the  ebb  depends 
largely  upon  the  drain  of  flood-tide  waters,  works  of  improvement 
should  be  so  designed  and  constructed  as  to  offer  the  least  obstacle  to 
the  free  access  of  the  flood  tide;  under  these  conditions  the  building  of 
continuous  parallel  or  convergent  jetties  would  be  a  mistake. 

The  third  prominent  feature  is  the  location  of  the  single  curved 
breakwater  on  the  side  of  the  Pass  from  which  may  be  expected  the 
most  violent  movement  of  material,  or  that  due  to  a  littoral  drift.  The 
determination  of  this  location  should  be  based  upon  accurate  and  reli- 
able information,  previously  obtained,  as  to  the  direction  and  strength 
of  flood,  the  direction  and  volume  of  drifting  sands  or  other  material 
caused  by  larevailing  winds  and  storm  waves  or  by  any  littoral  current. 
Professor  Haupt  disclaims  having  sought  or  secured  any  of  these  data, 
preferring  the  study  of  the  topographic  and  hydrographic  features 
shown  on  published  charts,  supplemented,  as  it  must  be,  by  the  intui- 
tion of  the  engineer.  This  is  well,  if  success  follows  it,  but  the  writer 
is  sure  that  the  majority  of  engineers  would  prefer  to  have  numerical 
data  before  them  to  mix  with  all  the  intuitive  knowledge  they  may 
possess. 

An  analysis  of  the  systems  of  parallel  or  convergent  jetties  and  of 
Professor  Haupt's  system,  as  applied  to  Aransas  Pass,  shows  them  to 
be  radically  different.  The  application  of  the  single  "  Reaction  Break- 
water" seems,  from  the  results  noted  in  the  paper,  to  have  been  par- 
ticularly successful  in  a  very  short  time,  notwithstanding  the  exist- 
ence of  an  old  rock  jetty  directly  in  its  path  and  removed  only  in  part. 
But  the  same  system  applied  to  South  Pass  or  to  South  West  Pass 
would  prove  a  failure.  la  both  of  these  cases  the  conservation  of  the 
energy  of  the  current  which  obtains  between  their  parallel  shores  and 
its  maintenance  as  far  as  the  bar,  is  necessary,  not  only  to  erode  the 
bar,  but  to  convey  the  millions  of  tons  of  solid  matter,  held  in  suspen- 
sion and  rolled  along  the  bottom,  far  out  into  the  deep  water  in  front  of 
the  delta,  where  the  rebuilding  of  the  bar  would  be  a  very  slow  pro- 
cess, retarded  by  the  action  of  any  littoral  current  existing  there. 
Parallel  and  continuous  jetties  are  necessary  to  secure  these  results, 
and  prevent  the  spilling  of  the  currents  laterally. 

The  same  condition  confronted  the  engineer  at  the  mouth  of  the 
Brazos,  and  it  may  be  said,  parenthetically,  that  the  present  jetties  in 
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their  incomplete  state  have  secured  within  their  limits  as  great  depths  Mr.  Marindin. 
as  are  found  in  the  river  a  mile  or  two  above  the  mouth. 

The  writer  has  endeavored  to  show  in  the  foregoing  remarks  that, 
notwithstanding  the  success  which  has  attended  the  single  jetty,  par- 
allel jetties  are  justifiable  and  necessary  under  certain  conditions. 

George  Y.  Wisnee,  M.  Am.  Soc.  0.  E.  (by  letter). — The  peculiar  Mr.  Wisner. 
nature  of  the  reports  made  by  the  Board  of  Engineers  on  Aransas  Pass, 
in  November,  1897,  and  December,  1898,  together  with  the  fact  that 
the  expenditure  of  large  appropriations  will  soon  be  required  for  the 
improvement  of  other  harbors  where  the  conditions  are  similar  to  those 
at  Aransas  Pass,  make  the  paper  presented  by  Professor  Haupt  very 
apropos  at  the  present  time. 

The  harbors  on  the  Gulf  Coast  are  of  two  distinct  types,  each  of 
which  requires  radically  different  treatment  in  order  to  secure  satis- 
factory results.  The  Mississippi  River,  the  Brazos  River  and  the 
Panuco  River,  at  Tampico,  are  all  heavy  silt-bearing  streams  during 
times  of  high  water,  and,  if  not  controlled  by  tight  jetties  so  as  to 
maintain  the  full  velocity  of  flow  until  discharged  across  the  bar  into 
the  littoral  current  outside,  a  deposit  of  silt  will  occur  and  produce 
shoals  instead  of  deepening  the  channel  as  generally  expected.  The 
strong  currents  of  these  rivers  at  flood  stages  are  alone  to  be  depended 
upon  to  produce  scour  in  the  channels,  and  all  arrangements  designed 
for  securing  tidal  effect  are  not  only  useless,  but  tend  to  decrease  the 
velocity  of  the  silt-laden  current,  and  thereby  cause  shoals  by  deposit- 
ing silt. 

At  the  entrances  of  tidal  harbors,  reversed  conditions  exist,  and  the 
erosive  force  required  to  deepen  the  channels  must  be  obtained  by 
accumulating  vast  quantities  of  water  in  the  tidal  reservoir,  during  the 
flood  stages  of  the  tide,  and  concentrating  the  discharge  along  the  axis 
of  the  required  channel  lines  during  ebb  tide. 

Unfortunately  for  the  success  of  many  of  the  improvements 
attempted,  the  designers  of  the  structures  conceived  the  idea  that 
works  which  had  produced  beneficial  results  at  other  harbors  must 
necessarily  be  the  proper  remedy  to  apply.  The  result  has  been  that 
millions  of  dollars  have  been  expended  on  jetties  which  have  been  of 
absolutely  no  use,  except  to  form  breakwaters  for  the  protection  of 
dredged  channels.  One  of  the  most  serious  difficulties  which  the 
designers  of  such  works  have  apparently  feared  was  that  such  strong 
tidal  currents  would  be  generated  that  the  structures  would  be  in  con- 
stant danger  of  being  destroyed,  and,  to  avoid  such  a  catastrophe,  the 
jetties  have  invariably  been  located  from  2  000  to  7  000  ft.  apart. 

Generally  speaking,  no  deepening  of  channels  has  resulted  from 
such  construction,  and  whatever  deeper  channels  now  exist  at  these 
harbors  have  been  secured  by  subsequent  dredging. 

At    Galveston,    with  jetties  7  000  ft.   apart,   the  dredged  channel 
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Mr.  Wisner.  across  the  bar  is  from  500  to  1  000  ft.  wide,  and  at  Sabine  Pass,  where 
the  jetties  are  2  000  ft.  apart,  the  dredged  channel  is  only  about  200  ft. 
wide,  and  shows  no  indication  of  increasing  depth  or  width  from  tidal 
action.  In  spite  of  these  repeated  failures,  the  1897  Board  of  Engin- 
eers not  only  endorsed  the  1888  project  for  jetties  2  000  ft.  apart  at 
Aransas  Pass,  but  condemned  the  unfinished  curved  jetty  as  worthless 
to  the  Government,  and  as  an  obstacle  to  future  improvements,  when 
their  own  published  charts  show  beyond  question  that  the  results  pre- 
dicted for  the  enterprise  would  be  realized  at  once  upon  the  removal 
of  the  old  curved  jetty,  which  the  predecessors  of  the  Board  located, 
unfortunately,  on  the  wrong  side  of  the  Pass. 

In  the  report  of  December,  1898,  the  Board  recommends  that  the 
outer  1  000  ft.  of  the  curved  breakwater  be  removed,  and  that  an  exten- 
sion be  built  on  a  line  about  25°  to  the  north  of  the  present  location, 
making  an  angle  with  the  direction  of  flow  which,  it  is  safe  to  say,  the 
currents  would  never  follow.  With  a  channel  from  15  to  23  ft.  deep, 
already  obtained  by  the  incomplete  works  now  in  place,  it  is  hard  to  con- 
ceive why  such  structures  should  be  removed,  and  be  replaced  by  others 
which  have  been  proven  to  be  failures  at  other  ports,  where  the  con- 
ditions were  similar,  especially  as  the  estimated  cost  is  three  times 
that  necessary  to  obtain  a  20-ft.  channel  by  the  completion  of  the 
works  built  by  the  Aransas  Pass  Harbor  Company. 

While  it  is  true,  as  stated  by  the  author,  that  parallel  jetties  are 
not  well  adapted  for  securing  tidal  scour  at  the  entrance  of  tidal 
harbors,  it  is  equally  true  that  a  single  curved  jetty  at  the  mouth  of 
a  silt-bearing  river  would  not  only  fail  to  produce  a  good  entrance 
channel,  but  would  not  maintain  it  if  obtained  by  dredging  or  other 
methods.  The  case  mentioned,  where  the  flood  in  the  Brazos  River 
failed  to  deepen  the  channel,  is  a  direct  proof  of  the  principle 
involved,  and  was  the  result  expected  by  those  familiar  with  the 
situation. 

The  jetties  at  the  mouth  of  the  Brazos  River  have  never  been  com- 
pleted so  as  to  maintain  a  full  velocity  of  flow  until  the  silt-laden 
water  is  discharged  into  the  deep  water  of  the  littoral  current  outside 
the  bar,  and,  therefore,  in  times  of  heavy  floods  a  portion  of  the 
sediment  is  dropped  at  the  point  where  the  river  current  is  slackened. 
The  experience  at  the  mouth  of  the  Mississippi  and  Brazos  Rivers 
indicates  clearly  that  single  jetties,  no  matter  what  their  shape,  would 
not  maintain  navigable  channels  at  the  entrances  of  those  harbors. 

To  every  careful  investigator  of  the  physical  conditions  at  the 
entrances  of  Gulf  harbors,  there  is  plenty  of  evidence  of  the  kind  of 
remedy  which  should  be  applied  to  secure  any  reasonable  improve- 
ments of  the  channels.  The  littoral  current  is  a  controlling  force, 
which  is  certain  to  cause  either  success  or  failure,  according  to 
whether  properly  utilized  or  not. 
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At  the  mouths  of  silt-bearing  streams,  the  suspended  matter  must  Mr.  Wisner. 
be  carried  entirely  from  in  front  of  the  entrance  before  being  deposited 
by  a  change  in  the  velocity  of  the  river  current,  and  the  shore  drift 
must  be  prevented  from  entering  the  channel;  two  conditions  which 
necessitate  the  construction  of  jetties  on  each  side  of  the  entrance,  to 
deep  water  on  the  outside  of  the  bar.  The  action  of  the  littoral 
current  in  flowing  past  any  system  of  jetties  is  to  pile  up  the  sand 
drift  in  the  angle  of  the  shore  and  jetty  on  the  windward  side,  and 
produce  an  eddy  on  the  lee  side  of  the  entrance. 

.  On  the  Gulf  Coast,  the  resultant  of  the  littoral  current  is  from  the 
northeast  to  the  southwest,  and  in  the  case  of  sediment-bearing  rivers 
the  eddy  builds  up  immense  shoals  to  the  westward  of  the  entrance,  and 
at  tidal  harbors  causes  a  reverse  current  along  the  shore  to  the  west- 
ward of  the  jetties,  which  in  connection  with  wave  action  may  cause 
great  damage  by  erosion. 

This  shore  current,  caused  by  the  eddy  to  the  westward  of  the 
jetties,  has  in  certain  instances  led  observers  to  believe  that  the  littoral 
current  was  from  the  west. 

At  Galveston,  the  erosion  of  the  city  front  from  this  cause  has  been 
so  extensive  that  suits  have  been  started  in  the  Court  of  Claims  to 
recover  compensation  for  the  damages  caused  by  the  construction  of 
the  jetties  at  the  harbor  entrance. 

If  the  curved  jetty  designed  for  the  improvement  of  Galveston 
Harbor,  in  1883,  by  H.  C.  Eipley,  M.  Am.  Soc.  C.  E.,  had  been 
adopted,  it  would  unquestionably  have  produced  a  deep  channel 
across  the  bar  with  a  saving  of  several  million  dollars  in  the  cost  of  the 
improvement,  and  would  have  shifted  the  eddy  caused  by  the  littoral 
current  far  enough  eastward  to  have  caused  but  little  erosion  along 
the  city  front. 

The  construction  of  jetties  at  Aransas  Pass  will  produce  an  eddy 
effect  similar  to  that  developed  by  the  structures  at  the  entrance  of 
Galveston  Harbor,  and,  if  two  jetties  are  built  out  to  deep  water,  the 
west  end  of  Mustang  Island  will  be  eroded,  whereas,  if  only  a  single 
curved  jetty  be  constructed  on  the  north  side  of  the  channel,  the 
center  of  the  eddy  will  be  shifted  eastward,  and  the  reverse  current 
will  combine  with  the  ebb  currents  at  the  outer  end  of  the  channel. 
A  short  spur  will  be  a  necessity  at  the  west  side  of  the  Pass  to  prevent 
the  reverse  current  from  the  littoral  eddy  carrying  sand  into  the 
channel.  This  spur  should  be  built  above  high  water  as  far  out  as 
the  wreck  Mart/,  and  will  tend  to  limit  the  action  of  the  eddy  and 
diminish  erosion  on  the  front  of  Mustang  Island. 

One  of  the  most  interesting  instances  of  parallel  jetties  producing 
the  opposite  effect  to  that  expected  is  that  at  Cumberland  Sound.  Ga., 
where  the  accumulation  of  drift  between  jetties  3  900  ft.  apart  became 
such  that,  in  1895,  the  channel  shifted  across  the  south  jetty,  and  it 
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Mr.  Wisner.  became  necessary  to  remove  a  portion  of  that  jetty,  to  prevent  the  port 
of  Fernandina  from  being  completely  closed. 

It  became  evident,  in  1890,  that  such  a  result  was  likely  to  be 
obtained,  and  O.  M.  Carter,  M.  Am.  Soc.  C.  E.,  Captain,  Corps  of 
Engineers,  U.  S.  A.,  the  local  engineer  in  charge  of  the  improvement, 
recommended  that  the  project  for  parallel  jetties  be  abandoned,  and 
that  a  single  curved  jetty  be  constructed  on  the  north  side  of  the 
entrance,  to  shut  out  the  sand  drift  from  the  north  and  guide  the 
tidal  flow  across  the  bar  on  the  line  best  adapted  for  maintaining  a 
channel  with  natural  forces. 

The  deadly  wisdom  of  the  engineer  board,  whose  consideration  of  a 
few  hours  outweighs  the  conclusions  of  the  resident  engineer  who  gives 
years  of  study  to  the  conditions,  proved  fatal  to  the  project. 

There  has  been  $1  787  000  expended  on  the  work,  which  has  in  no 
way  improved  the  entrance  to  the  harbor.  A  continuous  appropriation 
was  made  by  Congress  in  1896,  to  complete  this  project,  of  which  over 
$1  500  000  remains  unexpended. 

It  will  be  interesting  to  note  how  this  vast  amount  of  money  is  to  be 
expended,  especially  as  the  engineer  boards  which  have  considered  the 
problem  at  various  times  have  practically  admitted  that  the  improve- 
ment was  a  failure,  but  did  not  have  the  courage  to  "advise  any 
radical  change  in  the  general  location  of  the  jetties  as  originally 
proposed." 

The  conditions  at  Cumberland  Sound  are  practically  similar  to 
those  on  the  Gulf  Coast,  except  that  the  rise  of  the  tide  is  about  three 
times  that  at  Aransas  Pass;  and  there  is  no  reason  why  a  single  jetty 
would  not  produce  as  beneficial  results  as  at  the  latter  place,  where  an 
incomplete  structure  has  deepened  the  channel  from  8  to  18  ft.  in  a  few 
months. 

Particular  attention  is  called  to  the  fact  that  the  breakwater  at 
Aransas  Pass  was  constructed  under  the  plans  of  the  consulting 
engineers,  without  causing  the  bar  to  be  pushed  seaward  the  slight- 
est measurable  amount,  an  achievement  which  has  never  been  accomp- 
lished at  any  other  port  on  the  Gulf  Coast. 

The  action  of  erosive  and  bar-forming  currents  has  been  quite 
fully  observed  by  the  engineers  who  have  had  the  actual  charge  of 
harbor  construction  on  the  Gulf  Coast,  and,  while  the  results  have  not 
been  published  in  the  official  reports,  many  of  the  facts  have  been  dis- 
cussed in  the  Transactions  of  this  Society,  and  it  is  hoped  that  this 
paper  will  make  the  record  still  more  complete. 

So  far  as  the  writer  is  able  to  judge,  these  observations  have  estab- 
lished quite  fully  the  following  conditions  and  principles  pertaining 
to  harbors  on  the  Gxilf  Coast. 

1.  The  littoral  current,  dui-ing  a  season  when  effective,  flows  from 
the  northeast  to  the  southwest. 
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2.  The  sand  moved   along  the  coast  by  the  littoral  current,  when  Mr.  Wisner. 
stopped  by  jetties  extending  into  the  Gulf,  accumulates  in  the  angle 
formed  by  the  east  jetty  with  the  shore;  and  the  sediment  carried  into 

the  Gulf  by  silt-bearing  rivers  is  carried  to  the  westward  of  the 
harbors,  forming  shoals  extending  seaward  from  the  entrance  of  the 
jetty  channels. 

3.  The  littoral  current  flowing  past  the  outer  ends  of  jetties  or 
breakwaters  creates  an  eddy  west  of  the  entrance,  which,  at  the 
mouths  of  sediment-bearing  streams,  builds  up  shoals  in  the  quiet 
water  at  the  center  of  the  eddy;  and  at  the  entrances  of  tidal  harbors 
causes  reverse  currents,  which,  in  connection  with  wave  action,  erode 
the  shore  west  of  the  structures. 

4.  A  single  jetty  will  neither  make  nor  maintain  a  navigable  chan- 
nel at  the  mouth  of  a  silt -bearing  river. 

5.  Parallel  jetties  at  the  entrances  of  tidal  harbors  will  not  create 
navigable  channels,  but  will  generally  maintain  such  a  channel  after 
having  been  obtained  by  dredging. 

4.  Where  strong  littoral  currents  exist  during  the  season  when 
sand  movement  occurs,  a  single  curved  jetty,  properly  designed  with 
reference  to  the  volume  and  velocity  of  flow  through  the  pass,  will 
create  a  navigable  channel  without  aid  from  dredging,  but  it  is  prefer- 
able in  all  cases  to  aid  the  tidal  action  by  dredging,  not  only  to 
hasten  results,  but  to  insure  a  proper  alignment  of  the  channel. 

Thomas  W.  Symons,  M.  Am.  Soc.  C.  E.  (by  letter). — The  single  Mr.  Symons. 
jetty  at  Aransas  Pass,  or  "reaction  breakwater,"  as  it  is  called  by  the 
author,  is  by  no  means  a  new  thing  in  the  engineering  world,  and, 
individually,  it  does  not  mark  "  a  distinct  advance  in  the  resources  of 
maritime  engineers  in  the  improvement  of  ocean  bars,"  as  stated  by 
Professor  Haupt.  In  fact,  officers  of  the  Corps  of  Engineers,  U.  S.  A., 
have  designed  and  have  been  building  just  such  structures  for  years,  and 
some  of  the  most  successful  works  of  the  Corps  have  been  accom- 
plished by  adopting  in  the  main  the  principles  enunciated  by  Professor 
Haupt. 

The  writer  believes  sincerely  that  many  harbor  bars  can  be  im- 
proved by  a  single  jetty,  or  breakwater,  if  the  name  be  preferred,  to 
fully  as  great  an  extent,  and  in  some  cases  to  a  much  greater  extent, 
than  by  parallel  or  converging  jetties,  and  at  enormously  less  cost, 
provided  the  single  jetty  be  properly  located  to  take  advantage  of  all 
the  natural  forces  at  work.  This  belief  is  founded,  not  on  theories  only, 
but  on  actual  experience  in  planning,  locating,  building  and  observ- 
ing such  works  and  their  operation.  The  writer's  experience  on  the 
Pacific  Coast  was  so  convincing  as  to  this,  that,  in  planning  works  for 
the  improvement  of  Grays  Harbor  Bar,  Wash.,  he  designed  a  single  jetty, 
and,  Congress  having  made  provision  therefor,  it  is  now  being  con- 
structed under  the  supervision  of  Harry  Taylor,  M.  Am.  Soc.  C.  E., 
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MivSymons.  Captain,  Corps  of  Engineers,  U.  S.  A.  This  jetty  has  not  only  been 
described  in  official  reports,  but  was  the  subject  of  a  paper  before  this 
Society.*  This  Grays  Harbor  jetty  is,  in  every  essential  respect,  such 
a  "  reaction  breakwater"  as  described  in  general  terms  by  Professor 
Haupt. 

The  single  jetty  at  Coos  Bay,  Ore.,  located  and  built  under  the 
writer's  direction  and  supervision,  1890  to  1895,  is  a  "  reaction  break- 
water," and  operates  in  practically  the  same  manner  as  described  by 
the  author,  in  determining,  deepening  and  maintaining  a  channel  over 
the  bar.  This  single  jetty  was  located  with  a  view  to  securing  the 
maximum  results  in  the  shortest  time  and  at  the  minimum  of  expense, 
and  was  eminently  successful;  a  deep  bar  channel  was  developed  and 
has  been  maintained  in  a  permanent  position  ever  since.  A  second 
jetty  was  planned  to  be  built  at  Coos  Bay,  but  as  the  first  one  has 
accomplished  about  all  that  was  hoped  from  the  two,  it  will  probably 
be  deemed  unnecessary  to  build  it.  The  great  single  jetty  at  the 
mouth  of  the  Columbia  River,  which  has  accomplished  so  much  for 
the  commerce  of  Oregon,  is  a  "reaction  breakwater."  So  is  the  single 
jetty  at  San  Diego,  Cal. 

These  jetties  fulfil  nearly  all  the  conditions  laid  down  by  Professor 
Haupt.  Their  principal  point  of  variance  is  that  they  are  not  con- 
structed on  "compound  and  reverse  curves,"  and  have  no  gap  or 
opening  near  the  shore.  In  the  localities  mentioned  these  curves  were 
not  at  all  necessary,  as  there  was  no  trouble  in  securing  a  deep  channel 
inside  the  outer  end  of  the  jetty  at  either  place.  The  bar,  in  advance 
of  the  jetty,  was  the  real  difficulty,  and  the  channel  across  it  was  to  be 
secured  by  directing  the  tidal  currents  upon  it  in  a  fixed  location.  In 
the  instances  mentioned  this  is  accomplished  just  as  well  with  the 
straight  jetties  as  it  could  be  with  curved  jetties.  In  fact,  it  was  neces- 
sary in  almost  every  instance  to  protect  the  jetties  against  undue  erosion 
by  groins  built  out  on  the  channel  sides.  The  construction  of  the 
"  breakwater,"  so  called,  at  Aransas  Pass,  is  not  made  clear  in  the 
paper.  It  is  apparently  a  brush  and  stone  structure,  a  large  part  of 
which  is  founded  on  sand  in  6  to  8  ft.  of  water.  Alongside  this  and 
close  up,  the  channel  has  been  eroded  to  18  or  20  ft.  in  depth,  accord- 
ing to  the  map.  This  condition  might  well  excite  alarm  for  the  safety 
of  the  structure.  The  possible  undermining  may,  however,  be  guarded 
against  by  some  construction  not  alluded  to  in  the  paper. 

Along  our  Northern  Pacific  Coast  there  is  an  average  tide  of  6  to  7 
ft. ,  and  the  3torms  are  much  more  frequent  and  severe  than  in  the 
Gulf,  all  of  which,  of  course,  makes  the  problem  of  bar  improvement 
vastly  different  from  that  at  Aransas  Pass. 

Neither  was  there,  at  any  of  these  Northern  Pacific  Coast  harbors, 
any  need  to  leave  a  gap  near  the  shore  to  permit  the  tide  to  enter 
*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxvi,  p.  109. 
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freely.  The  jetties  as  located  and  built  leave  the  door  open  almost  to  Mr.  Symons. 
its  full  width  for  the  entrance  of  the  tide,  and  there  is  practically  no 
choking  down  of  the  flood  tide,  which,  theoretically,  there  is  with 
parallel  or  converging  jetties.  Besides,  at  these  Northern  Pacific  Coast 
points  there  is  a  very  practical  objection  to  leaving  a  gap  near  the 
shore.  The  rough  and  tempestuous  character  of  the  waters  prohibits 
absolutely  the  building  of  the  structures  from  floating  plant,  and  they 
must  be  built  from  tramways  extended  out  from  shore.  If  the 
tramway  should  be  built  and  a  gap  left  in  the  brush  and  stone  jetty 
built  from  it,  it  is  certain  that  the  unprotected  portion  of  the  tramway 
would  be  undermined  and  destroyed. 

Judging  from  the  map,  Fig.  2,  this  cutting  has  commenced  in  the 
gaps  left  in  the  Aransas  Pass  structure,  and  it  is  quite  within  the 
bounds  of  possibility  that  this  may  extend,  and  chanels  develop  there- 
from, to  a  degree  which  will  lessen  seriously  the  flow  in  the  desired 
channel.  If  the  flood  enters  freely  through  the  gajss,  the  ebb  will  also 
run  out  freely,  and  it  would  seem  the  part  of  wisdom,  where  there  is 
so  little  tide  as  at  Aransas  Pass,  to  control  as  much  of  it  as  possible. 
The  sill,  G  E,  Fig  1,  would  at  least  be  necessary,  in  the  writer's 
judgment. 

In  the  case  of  Grays  Harbor,  the  natural  bar  channel  had  an  ap- 
parently unswerving  tendency  to  move  from  north  to  south,  keeping 
on  with  this  movment  until  its  extreme  southerly  position  was  reached, 
then  breaking  out  again  to  the  north  and  taking  up  its  slow  movement 
to  the  south.  The  jetty  was  located  to  interpose  itself  against  this 
southerly  movement  with  the  hope  and  belief  that  the  pressure  to  the 
south  would  continue,  and  that  this  pressure  on  one  side  opposed  by 
the  jetty  on  the  other,  and  the  inflowing  and  outflowing  tidal  currents, 
would  produce  the  necessary  agitating  and  scouring  current-effects 
necessary  to  determine  and  maintain  a  good  deep  channel  and  direct  it 
permanently  over  the  bar  in  the  selected  location.  This  work  was 
planned  in  1894-95,  and  is  truly  a  "reaction  breakwater"  in  all 
essential  features,  as  described  and  named  by  Professor  Haupt. 
Whether  it  will  fulfil  all  that  the  writer  hopes  for  it  remains  to  be 
seen,  and  can  only  be  determined  in  the  future. 

The  great  Columbia  Elver  jetty,  planned  in  1882,  is  also  such  a 
"reaction  breakwater,"  interposed  against  the  tendency  of  the  bar 
channel  to  move  to  the  southward. 

At  Coos  Bay  the  movement  of  the  bar  channel  was  to  the  north- 
ward, and,  consequently,  the  jetty  was  interposed  against  it  on  the 
north,  and  this  northerly  tendency  and  the  reaction  of  the  jetty  have 
determined  and  maintained  an  excellent,  deep-bar  channel,  permanent 
in  location,  ever  since  the  jetty  was  carried  out  sufficiently  far  to  make 
its  influence  felt.  The  writer  is  unable  to  believe  that,  in  the  great 
majority  of  cases,  the  curved  trace,  indicated  by  Professor  Haupt  as 
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Mr.  Symons.  essential,  is  at  all  necessary,  or  the  best.  There  may  be  cases,  how- 
ever, where  such  a  trace  best  lends  itself  to  the  situation  and  control 
of  the  forces  at  work.     Each  particular  case  must  be  judged  by  itself. 

While  the  writer  is  a  believer  in  the  single-jetty  system,  wherever 
applicable,  he  also  believes  that  there  are  cases  where  one  jetty  would 
not  be  sufficient,  and  where  parallel  or  converging  jetties  are  necessary. 
A  safe  rule  to  adopt,  and  one  by  which  the  writer  was  governed  in  de- 
signing all  the  later  works  of  harbor  bar  improvements  which  he  has 
had  in  charge  on  the  Pacific  Coast,  is  to  locate  the  first  jetty  to  be 
built  as  if  it  were  the  only  one  to  be  built,  and  hope  for  the  best. 
Under  this  plan,  if  it  be  found  that  the  results  obtained  are  not  satis- 
factory, then  other  works,  a  second  jetty,  perhaps,  can  be  added  to 
better  control  the  natural  forces  and  direct  the  flowing  waters.  The 
writer's  experience  causes  him  to  be  very  chary  of  predicting  ab- 
solutely the  results  which  can  be  obtained  from  any  structure  built  to 
control  the  waters  and  sands  of  an  ocean  bar. 

Professor  Haupt  and  all  concerned  are  to  be  congratulated  on  the 
results  obtained  at  Aransas  Pass.  The  very  marked  improvement  in 
such  a  short  time  mentioned,  however,  naturally  causes  one  to  ask 
whether  there  is  a  certainty  that  it  is  permanent.  This  is  mentioned 
because,  in  conducting  harbor  works  on  the  Pacific  Coast,  very  extra- 
ordinary results  were  obtained  at  times,  but  they  were  not  permanent, 
and  the  real  value  of  the  works  could  only  be  determined  by  finding 
out  the  minimum  depth  and  width  of  channel  which  could  be 
depended  upon  under  all  circumstances.  The  author  recognizes  this 
uncertainty  by  his  statement  that  "modifications,  however,  are  always 
to  be  expected  in  depths  due  to  variations  in  the  natural  forces." 
These  modifications  may  in  time,  and  probably  will,  render  the  entire 
or  partial  closing  of  the  gap  in  the  jetty,  and  the  construction  of 
groins  for  its  protection  advisable  and  necessary. 

If  the  author  had  extended  his  studies  to  the  works  of  harbor 
improvement  designed  and  carried  on  by  the  Corps  of  Engineers, 
U.  S.  A.,  on  the  Pacific  Coast,  his  claim  as  to  the  epoch-making 
character  of  the  Aransas  Pass  structure  would  probably  have  been 
greatly  modified,  in  view  of  the  fact  that  structures  practically 
identical  in  character  were  designed,  located  and  built  years  before  it 
was  thought  of. 

The  correct  principles  of  the  single-jetty  system  appear  to  have 
been  applied  very  successfully  at  Aransas  Pass,  and  Professor  Haupt 
has  invented  a  new  name  for  such  a  structure.  The  writer  cannot,  how- 
ever, believe  that  the  engineering  world  will  accept  the  name  "break- 
water "  as  properly  applicable  to  the  structure  at  Aransas  Pass.  It  is 
not  designed  to  and  does  not  perform  the  functions  of  a  breakwater  as 
ordinarily  understood  and  defined.  It  is  a  training  wall  or  directrix 
to  the  flowing  waters,  and  the  name  jetty  fits  it  much  better  than  the 
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name  breakwater,  and  is  more  in  accord  with  good  usage  and  common  Mr.  Symons. 
understanding.  A  breakwater  is  from  its  very  nature  a  reactionary 
structure,  its  object  being  to  deaden  the  force  of  the  waves,  whicli  roll 
in  from  ocean  or  lake,  by  interposing  its  weight  and  bulk  in  their  path, 
reacting  against  them.  To  speak  of  a  "  reaction  breakwater  "  is  a 
redundancy. 

H.  C.  Ripley,  M.  Am.  Soc.  C.  E.  (by  letter). — The  adoption  of  the  Mr.  Ripley, 
reaction  or  curved  breakwater,  for  the  improvement  of  a  harbor 
entrance,  is  without  doubt  the  greatest  advance  made  in  the  science 
of  river  and  harbor  engineering  that  has  ever  been  recorded  in  this 
country.  For  this  reason  this  paper  will  be  read  with  especial  interest 
by  those  engaged  in  this  branch  of  the  profession. 

The  principles  herein  applied,  however,  are  as  universal  and  well 
established  as  the  law  of  gravitation  itself. 

These  principles  are: 

First. — That  of  reaction,  by  means  of  which,  water,  constrained  to 
flow  in  a  curve,  excavates  and  maintains  a  greater  cross-sectional  area  of 
channel  than  when  flowing  in  a  straight  course,  and  the  ratio  of  depth 
to  section  is  always  greater  in  a  curved  than  in  a  straight  channel, 
under  otherwise  similar  conditions.  For  examples  of  these  effects,  see 
Transactions,  Am.  Soc.  C.  E. ,  Vol.  xxiii,  page  153,  where  it  is  showTn  that 
for  the  Brazos  River  the  average  sectional  area  is  \2>\%  greater  in 
bends  than  in  reaches,  and  the  average  maximum  depth  is  58% 
greater  in  bends  than  in  reaches. 

Second. — That  of  centrifugal  force,  by  which  the  particles  of  flow- 
ing water  tend  to  hug  the  concave  side  of  a  channel.  This  principle 
makes  it  possible,  by  means  of  a  single  curved  structure,  to  concen- 
trate the  ebbing  waters  of  a  tidal  harbor  or  the  discharging  water  of  a 
river  into  a  single  channel  of  limited  width,  and  convey  it  across  the 
bar  as  effectively  as  can  be  done  by  means  of  two  parallel  jetties, 
where  the  aggregate  length  is  double  that  of  the  single  curved 
structure. 

Numerous  examples  of  natural  concentration  of  flowing  water  into 
channels  of  limited  widths  by  this  principle  are  to  be  found  in  the 
bays  and  sounds  along  the  Atlantic  and  Gulf  Coasts.  A  noted 
example  is  that  of  the  channel  of  Galveston  Harbor  along  the  city 
front.  This  channel  has  a  width  of  less  than  1  000  ft.  between  the 
6-ft.  contours  and  a  maximum  depth  of  over  30  ft.  This  concentra- 
tion of  the  tidal  flow  is  due  to  the  curved  form  of  the  shore  line  of 
Galveston  Island,  which  brings  into  action  the  principle  of  centrifugal 
force. 

These  two  are  the  cardinal  principles  involved  in  the  application 
of  the  reaction  or  curved  breakwater  to  the  improvement  of  a  harbor 
entrance.  The  writer  thinks  that  no  one  will  question  their  universality. 
Nor  are  these  principles  of  recent  discovery.     They  were  recognized 
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Mr.  Ripley,  more  than  three-quarters  of  a  century  ago,  by  engineers  having  to  do 
with  harbor  works. 

The  improvement  of  the  entrance  to  the  harbor  of  Swinemunde, 
Prussia,  on  the  Baltic  Sea,  is  an  example  of  the  successful  application 
of  these  principles  by  means  of  a  curved  jetty  extending  from  the 
shore  on  the  east  side  of  the  entrance,  across  the  bar,  a  distance  of 
3  900  ft.,  with  a  somewhat  shorter  angular  jetty  upon  the  west  side  of 
the  entrance. 

General  Gillmore,  in  describing  this  work  in  1881,  wrote:* 

"  Several  harbors  on  the  Baltic  Sea  have  been  improved  by  means 
of  jetties. 

"  Perhaps  the  most  successful  example  of  this  method  of  improve- 
ment is  shown  at  the  entrance  to  the  harbor  of  Swinemunde,  the 
outport  of  the  City  of  Stettin,  an  important  commercial  town  of 
Prussia.     *     *     * 

"  The  west  pier  or  jetty  was  designed  to  arrest  the  progress  of  the 
sand  brought  to  the  entrance  by  the  littoral  current,  besides  confining 
the  currents  of  the  outflowing  waters.     *     *     * 

"The  well-known  fact  that  near  concave  banks,  the  currents  of 
flowing  water  generally  create  and  maintain  a  deep  channel,  induced 
the  designer  of  the  Swinemunde  jetties  to  construct  them  on  a  curved 
plan,  to  secure  ample  depths,  at  least,  on  one  side  of  the  entrance 
channel.     *     *     * 

"The  curved  plan  proved  entirely  successful,  inasmuch  as  con- 
siderable depths  were  produced  next  to  the  east  jetty;  in  fact,  the 
opinion  has  been  expressed  that  a  more  gentle  curvature  might  have 
been  better,  as  the  depths  in  the  concave  bend  are  actually  greater 
than  needed,  while  on  the  opposite  side,  extensive  shoals  are  found, 
necessarily  reducing  the  width  of  the  navigable  channel  and  requiring 
the  frequent  use  of  dredging  machines.     *     *     * 

"As  a  general  result  of  this  improvement,  it  is  reported  that  the 
principal  channel,  in  which  the  depths  were  only  7  to  lh  ft.  before  the 
works  were  begun,  now  has  a  navigable  depth  of  more  than  20  ft., 
which  has  been  maintained  for  nearly  half  a  century." 

The  plan  of  this  work  is  shown  in  Figs.  3  and  4.  "While  it  is  stated 
that  the  "  curved  plan  proved  entirely  successful,"  the  work  as  a  whole 
has  not  been  so,  from  the  fact  that  the  curved  jetty  was  placed  upon  the 
lee  side  of  the  littoral  drift,  which  encouraged  its  accumulation  on  the 
channel  side  of  the  curved  jetty,  with  a  resulting  growth  of  the  bar 
seaward,  which  will  necessitate  the  ultimate  extension  of  the  works 
to  prevent  its  overlapping  the  outer  end  of  the  jetty.  Had  the  curved 
jetty  been  placed  upon  the  windward  side,  the  littoral  drift  would  have 
accumulated  next  to  the  shore  and  its  seaward  growth  would  have  been 
much  slower. 

About  16  years  ago,  the  writer  designed  a  detached  curved  break- 
water for  the  improvement  of  the  entrance  to  Galveston  Harbor.  Its 
location  is  shown  by  the  heavy  broken  line  in  Fig.  5.  The  line  of  the 
North  and  South  jetties  as  constructed  is  also  shown.     The  condition 

*  Report.  Chief  of  Engineers,  U.  S.  A.,  for  1881,  p.  1C60. 


Papers.]  DISCUSSION    ON    REACTION    BREAKWATER. 


829 


Mr.  Ripley. 


830  DISCUSSION"   ON   REACTION   BREAKWATER.  [Papers. 

of  the  bar  and  channels  is  that  of  the  time  of  the  survey  in  1884.  The 
present  position  of  the  shoalest  part  of  the  bar  is  outside  of  the  line 
joining  the  outer  ends  of  the  jetties.  At  this  point,  the  resultant  lit- 
toral movement  is  to  the  southwest,  as  is  indicated  by  the  gentle  curve 
of  Bolivar  Channel  to  the  south  as  it  approaches  the  bar. 

The  breakwater  is  placed  on  the  windward  side  of  the  channel,  and 
its  curvature  and  position  conform  to  the  curvature  and  alignment  of 
the  natural  channel,  and  as  a  resultant  of  all  the  forces  acting  upon  it. 
The  discharging  water  from  the  tidal  basin  meets  this  curve  tangent- 
ially,  and,  upon  the  principle  of  centrifugal  force,  will  be  constrained 
to  follow  the  curve  throughout  its  length.  The  channel  will  therefore 
have  no  greater  width  than  at  the  point  of  meeting  the  curve,  but,  on 
account  of  its  curved  form,  somewhat  greater  depths  will  be  developed 
and  maintained  than  would  be  the  case  if  the  same  movement  of  water 
were  confined  between  parallel  straight  walls. 

Its  position  on  the  windward  side  of  the  channel  is  such  as  to  inter- 
cept the  littoral  drift  and  protect  the  channel  from  its  degrading 
effects ;  and  the  littoral  movement,  being  normal  to  the  breakwater  at 
its  outer  end,  will  oppose  no  dynamic  resistance  to  the  ebb  dis- 
charge. The  existence  of  this  breakwater  would  exert  the  least  oppoT 
sition  to  the  admission  of  flood  water  to  the  tidal  basin  consistent  with 
the  control  of  the  ebb  discharge,  and  it  is  probable  that,  with  the 
development  of  the  channel  across  the  bar,  an  actual  increase  in  the 
tidal  prism  would  result. 

This  design  was  approved  by  the  United  States  Engineer  Officer 
then  in  charge  of  the  work,  and  its  adoption  recommended.  The 
results  at  Aransas  Pass  have  demonstrated  fully  that,  had  its  construc- 
tion been  authorized,  there  would  have  been  saved  to  the  Government, 
in  the  improvement  of  this  one  harbor,  not  less  than  $4  000  000  in 
money  and  about  four  years  in  time. 

There  are  many  harbors  on  the  Atlantic,  Pacific  and  Gulf  Coasts 
needing  improvement,  where  the  application  of  the  reaction  break- 
water would  be  entirely  feasible. 

The  curved  jetty,  involving  the  same  cardinal  principles  as  the 
reaction  breakwater,  would  also  be  applicable  at  the  mouths  of  many 
rivers,  to  the  great  saving  in  the  cost  of  improvement. 

After  much  study  of  the  local  conditions  at  the  mouth  of  the  Coat- 
zacoalcos  River,  Mexico,  the  writer  has  proposed  a  single  curved  jetty 
for  the  improvement  of  the  entrance  to  that  river,  with  the  estimated 
saving  of  about  $1  000  000  in  gold  as  compared  with  the  estimated  cost 
of  two  parallel  jetties. 

With  the  results  at  Aransas  Pass,  the  writer  is  entirely  confident 
that  the  improvement  of  the  entrance  to  the  Coatzacoalcos  River 
would  be  entirely  successful  with  the  construction  of  the  single 
curved  jetty  proposed. 


Papers.]  DISCUSSION    ON    REACTION    BREAKWATER.  831 

Thomas  D.  Pitts,  Jun.  Am.  Soc.  C.  E. — The  speaker  had  the  good  Mr. Pitts, 
fortune  to  be  engaged  as  Assistant  Engineer  on  the  works  at  Aransas 
Pass  for  over  two  years,  and,  naturally,  he  has  been  much  interested 
in  the  results. 

From  the  depths  maintained  in  the  gorge,  it  would  seem  that  the 
ebb-current  velocity  and  tidal  volume  are  sufficient  to  maintain  a 
depth  of  20  ft.  or  more  on  the  bar,  if  properly  controlled  and  directed. 
The  speaker  believes  the  results  so  far  obtained  show  that  the  curved 
jetty  on  the  north  side  of  the  channel,  which  was  designed  by  the 
author,  would  be  amply  sufficient  to  control  and  direct  the  current, 
if  completed. 

In  reports  made  to  the  Chief  of  Engineers,  U.  S.  A.,  regarding 
contemplated  improvements  at  Aransas  Pass,  it  has  been  said  that  it 
would  be  very  difficult  to  build  and  maintain  a  jetty  there  on  account 
of  the  quicksand  foundation.  The  curved  jetty,  built  by  the  Aransas 
Pass  Harbor  Company,  is  founded  on  mattresses  made  of  fascines  of 
live  oak  and  bay  brush,  the  fascines  being  about  9  ins.  in  diameter 
and  of  varying  length,  according  to  the  width  of  foundation  desired. 
The  mattress  sinks  into  the  sand  somewhat  when  first  laid  and  com- 
presses considerably  when  fully  ballasted,  but  it  seems  to  last  for  an 
indefinite  time.  The  foundation  of  the  south  jetty,  built  by  the 
Government  about  1885,  was  a  similar  mattress,  and  during  Colonel 
Goodyear's  blasting  operations  on  the  site  of  that  jetty  fragments  of 
the  mattress  arose  to  the  surface  in  considerable  quantity.  The  wood 
of  these  fragments  was  quite  sound,  but  the  bark  was  partially  de- 
cayed. A  portion  of  the  north  jetty  has  now  been  in  place  for  over 
4  years,  and  no  work  of  any  kind  has  been  done  for  more  than  3  years. 
During  that  time  there  has  been  no  evidence  of  any  settlement  of  the 
foundation,  the  small  amount  of  subsidence  noticed  being  amply  ac- 
counted for  by  the  consolidation  of  the  stone  in  the  body  of  the  jetty, 
and  by  loss  from  the  top  due  to  heavy  seas.  In  this  last  res]3ect,  the 
speaker  has  been  surprised  that  the  jetty  has  stood  so  well,  in  view  of  its 
exposed  position,  and  the  fact  that  no  repairs  whatever  have  been  made. 

Between  August  1st  and  December  31st,  1895,  a  portion  of  the  jetty 
1  250  ft.  long,  B — C  (Fig.  1),  was  completed  to  full  size  and  section;  a 
mattress  was  laid  from  B  to  F,  1  000  ft.,  and  from  Cto  D,  1  500  ft. 
The  channel  depths  increased  rapidly  until,  in  November  and  Decem- 
ber, a  channel  of  13  ft.  could  be  traced  across  the  bar.  At  about  that 
time  the  foundation  of  the  old  Government  jetty  was  uncovered,  and 
the  increase  in  depth  ceased.  Although  the  removal  of  a  portion 
of  the  old  foundation  was  urged  repeatedly  by  the  Consulting  and 
Chief  Engineers,  no  funds  were  provided  for  that  purpose;  but  during 
the  spring  of  1896  the  portion  C—Doi  the  jetty  was  raised  to  the  level 
of  high  water,  and  the  foundation  was  laid  for  a  distance  of  1  400  ft. 
from  D  toward  E. 
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Mr.  Pitts.  During  August  and  September  of  the  same  year  the  mattress  was 
extended  to  E,  and  the  jetty  was  raised  to  low-tide  level  between  D  and 
E;  but  it  was  built  of  much  less  than  full  section,  and  two  gaps  of  a 
total  length  of  about  500  ft.  were  left.  Until  this  last  work  was  done 
between  D  and  E  the  ebb  discharge  was  practically  not  controlled  at 
all,  most  of  the  flow  passing  to  the  northward  of  D,  and  the  current 
across  the  bar  was  scarcely  appreciable. 

The  condition  of  the  jetty  in  the  spring  of  1896  was  such  that  it 
caught  and  caused  to  be  deposited  on  the  bar  the  sand  carried  along 
the  shore  by  the  northerly  current  which  prevails  at  that  season.  This 
current  was  of  unusual  strength  and  duration  that  year.  In  consequence 
of  this  sand  deposit,  the  depth  on  the  crest  of  the  bar  decreased  so  that 
there  was  only  5|  or  6  ft.  of  water  in  September.  As  soon,  however, 
as  the  portion  D — E  of  the  jetty  was  partially  completed  as  described, 
the  current  across  the  bar  was  noticeably  increased,  and  the  channel 
depths  began  to  increase  slowly.  This  increase  was  helped  materially 
by  the  explosion  of  dynamite  on  the  bar  by  Colonel  Goodyear;  chiefly 
by  the  destruction  of  a  part  of  the  foundation  of  the  old  Government 
jetty,  but  also  partly  by  the  softening  of  the  whole  bar,  caused  by  the 
shocks  of  the  explosions. 

The  increase  in  depth,  which  began  in  the  fall  of  1896,  has  been 
continuous  since;  being  slower,  or  perhaps  even  ceasing  entirely,  dur- 
ing the  spring  and  summer,  and  much  more  rapid  during  the  winter, 
when  severe  "Northers"  are  of  frequent  occurrence.  At  such  times 
the  current  is  very  rapid,  surface  velocities  as  high  as  6h  and  7  ft.  per 
second  having  been  measured  by  means  of  float  observations.  These 
were  probably  not  maximum  velocities,  as  the  engineering  force  had 
no  facilities  for  making  current  observations  during  the  times  of 
greatest  discharge. 

The  speaker's  latest  information  regarding  the  depths  on  the  bar  is 
by  letter  from  the  keeper  of  the  Life  Saving  Station  at  the  Pass.  From 
this  he  learns  that  there  has  been  but  little  change  in  the  channel 
during  the  past  summer,  but  that  the  depths  on  the  outer  slope  of  the 
bar  have  increased  somewhat.  In  the  absence  of  a  complete  survey, 
it  is  not  safe  to  assume  too  much;  but  the  increase  in  depth  on  the 
outer  slope  would  seem  to  show  that  the  jetty  is  serving  one  of  the 
purposes  for  which  it  was  designed,  i.  e.,  to  prevent  the  advance  of 
the  bar  seaward. 

The  south  jetty,  built  by  the  Harbor  Company  in  1892,  as  men- 
tioned by  the  author,  was  carried  out  some  distance  during  the 
summer,  and  was  apparently  successful  for  a  time.  A  deep  channel 
was  formed  along  the  north  side  of  the  jetty,  and  there  was  some 
increase  in  the  depth  ou  the  bar.  The  improvement  was  lost,  how- 
ever, as  soon  as  the  southerly  littoral  currents  set  in,  in  the  fall. 
There  was  no  improvement  the  next  year,  and  a  large   part    of  the 
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jetty  had  disappeared  by  the  summer  of  1895.  This  jetty  was  built  Mr.  Pitts, 
of  wooden  caissons  about  7  ft.  in  diameter,  sunk  in  the  sand  and  filled 
with  sand  and  rock.  A  portion  of  this  jetty  is  shown  extending 
eastward  from  "  Co.  Wharf  "  on  the  map  (Fig.  1).  As  will  be  seen,  it 
did  not  in  any  way  control  the  current,  serving  merely  as  a  protection 
against  the  sand  carried  along  the  shore  to  the  northward.  In  fact,  the 
ebb  current  is  deflected  to  the  north  by  the  revetment  laid  by  the 
Government  between  "Co.  Wharf"  and  Turtle  Cove,  and  trends  away 
from  the  shore  line  of  Mustang  Island  before  reaching  the  inshore  end 
of  the  south  or  Nelson  jetty. 

The  curved  north  jetty  was  designed  by  the  author,  not  only  to 
protect  the  channel  from  the  inflow  of  sand  from  the  north,  which 
movement  the  speaker  considers  more  important  than  that  from  the 
south,  but  also  to  control  the  current  and  compel  it  to  scour  out  its 
own  channel.  The  speaker  does  not  believe  that  a  straight  jetty  would 
serve  the  same  purpose  in  this  location,  as  suggested  by  Major  Symons, 
for  he  thinks  such  a  jetty  would  only  deflect  the  current,  without  con- 
centrating it,  and  that  it  would  then  spread  out,  fanwise,  and  lose  its 
velocity  and  strength.  With  the  curved  jetty,  on  the  contrary,  the 
change  of  direction  is  gradual  and  continuous,  and  the  conditions 
are  similar  to  those  in  the  bends  of  a  rapid  river,  where  it  is  well 
known  that  the  greatest  velocity  and  depth  is  found  nest  the  concave 
bank. 

Major  Symons  also  mentions  four  harbors  on  the  Pacific  Coast 
where  single,  straight  jetties  have  been  used  with  gratifying  results. 
The  similarity  of  the  cases  does  not  appear  to  the  speaker,  however. 
In  one  of  these  instances,  the  mouth  of  the  Columbia  River,  there  is 
a  very  large  fresh-water  flow,  and  in  all  of  them  the  tidal  flow  is  many 
times  as  great  as  that  at  Aransas  Pass.  In  all  of  these  cases  the 
entrance  proper,  between  the  headlands,  is  wide  and  deep,  as  shown 
by  maps  published  in  the  Reports  of  the  Chief  of  Engineers,  U.  S.  A. ; 
and  there  is  a  rise  and  fall  of  tide  of  5  or  6  ft.  The  conditions  are 
such  that  the  bays  doubtless  fill  completely  at  each  tide,  and  the 
single  jetty  does  not  contract  the  entrance  so  as  to  diminish  the  tidal 
inflow.  The  depths  and  widths  maintained  in  the  gorges  are  far  more 
than  sufficient  for  any  possible  commercial  needs;  hence  it  is  enough 
to  control  a  part  only  of  the  ebb  flow. 

At  Aransas  Pass,  on  the  other  hand,  the  entrance  is  naturally 
comparatively  narrow,  and  the  average  rise  of  tide  is  only  about  0.8  ft. 
It  is  therefore  necessary,  not  only  to  control  as  large  a  part  of  the  ebb 
flow  as  possible,  but  also  to  give  the  most  ample  opportunity  for  the 
flood  tide  to  enter.  The  purpose  of  the  opening  left  from  E  to  Q  (Fig. 
1),  was  to  give  a  greater  width  of  flood  tide  entrance,  and  the  speaker 
believes  that  it  is  of  material  value  for  that  purpose.  It  is  true  that  a 
considerable    quantity  of   water   is    lost   through  G — E  during  ebb 
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Mr.  Pitts,  discharge,  but  here  again  the  water  is  thrown  against  the  Mustang 
Island  shore  by  centrifugal  force,  and  the  loss  is  limited  to  a  surface 
one  only.  This  is  proven  to  the  speaker's  satisfaction  by  the  fact  that 
since  September,  1896,  when  the  foundation  was  completed  to  E,  and 
the  jetty  from  D  to  E  was  brought  to  a  partially  effective  condition, 
there  has  been  no  tendency  to  scour  in  this  opening;  in  fact,  the 
depths  have  decreased  somewhat. 

The  conditions  at  Tampico  and  at  the  mouth  of  the  Brazos,  where 
improvements  have  been  made  by  means  of  parallel  jetties,  are  radi- 
cally different  from  those  at  Aransas  Pass,  on  account  of  the  large 
fresh-water  flow  at  both  of  those  places. 

Mention  has  been  made  of  the  probability  that  shoaling  would 
take  place  at  the  "  cross-over."  There  would  doubtless  be  some  shoal- 
ing at  that  point,  but  the  speaker  does  not  think  that  the  depth  there 
would  be  the  governing  depth.  He  thinks  the  loss  of  water  over  the 
shoal  to  the  southward  would  cause  the  governing  depth  to  appear  in 
the  concavity  of  the  jetty,  and  that  it  would  not  be  less  than  20  ft. 
under  any  circumstances,  and  probably  much  more.  The  latest  chart 
available,  from  a  survey  made  last  winter  by  the  United  States  Coast 
and  Geodetic  Survey,  shows  depths  in  the  middle  of  the  "cross-over  " 
of  about  17  ft.  The  speaker  believes  that  the  present  bar  acts  as  a  dam 
to  check  the  ebb  current  and  to  prevent  scour  on  the  inner  slope,  and 
that  with  the  opening  of  a  clear  waterway  of  20  ft.  depth  across  the 
bar,  the  depths  in  the  ' '  cross-over  "  would  be  increased  materially. 

The  fact  that  a  current  velocity  which  is  abundantly  sufficient  to 
transport  a  given  material  will  not  always  scour  it  from  its  bed  was 
well  shown  at  Aransas  Pass.  The  material  along  this  coast  is  a  round- 
grained  sand  of  light  weight,  which  remains  suspended  in  the  water 
for  a  long  time  when  once  put  in  motion.  Yet  the  speaker  has  seen 
this  sand  stand  for  days  at  a  slope  of  1  on  2  without  perceptible  erosion, 
notwithstanding  the  fact  that  a  current  of  3  to  31  ft.  per  second  was  im- 
pinging on  it  during  every  ebb  tide.  But  the  slightest  shock,  such  as 
the  explosion  of  a  charge  of  dynamite  under  water  in  the  vicinity,  is 
enough  to  cause  such  a  bank  to  slide.  Any  obstruction  to  the  free 
flow  of  the  water  will  cause  eddies  which  produce  rapid  scour  over  a 
limited  area.  For  this  reason  the  speaker  does  not  think  that  the  stone 
from  the  foundation  of  the  old  Government  jetty  which  was  scattered 
by  the  dynamite  explosions  prevents  scour.  On  the  contrary,  if  that 
stone  is  as  well  scattered  as  he  believes  it  to  be,  he  thinks  that  it  is  a 
help  rather  than  a  hindrance,  on  account  of  the  local  scour  produced. 

The  average  range  of  the  tides  at  Aransas  Pass  is  less  than  1  ft. ; 
it  is  given  on  the  Coast  Survey  charts  as  0.7  or  0.8  ft.  But  there  are 
times  when  the  rise  and  fall  are  much  greater.  A  long-continued 
southeast  wind  will  raise  the  water  3  ft.  or  more  above  mean  high 
water,  and  a  succession  of  severe  "Northers"  will  lower  it  as  much 
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below  mean  low  tide.  The  speaker  has  seen  the  tide  fall  more  than  Mr.  Pitts. 
3  ft.  in  less  than  six  hours  during  a  severe  "Norther."  As  regards 
the  character  of  the  tidal  curve;  at  the  time  of  neap  tides  there  is  a 
well-marked  diurnal  rise  and  fall;  but  at  spring  tides  there  is  but  one 
pronounced  tide  in  the  24  hours.  At  the  time  of  spring  tides,  how- 
ever, a  short  rise  and  fall  frequently  appears  near  the  crest  of  the 
curve,  and  sometimes  in  the  "valley."  The  foregoing  is  the  general 
character  of  the  curve,  but  it  is  by  no  means  regular,  the  tides  on  this 
part  of  the  coast  being  governed  largely  by  the  wind.  The  tide  lags 
irregularly  behind  the  moon's  phase,  and  much  more  than  on  the 
open  seacoast,  but  the  speaker  has  no  data  at  hand  on  this  subject. 

It  is  true  that  this  work  has  stood  for  a  comparatively  short  time 
only,  as  yet,  but  the  speaker  thinks  that  the  results  obtained  since 
work  on  the  jetty  ceased,  leaving  it  in  an  incomplete  condition,  are 
strong  arguments  in  favor  of  the  correctness  of  the  theory  on  which 
it  was  designed. 

Lewis  M.  Haupt,  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer  feels  Mr.  Haupt. 
under  obligations  to  his  colleagues  for  the  interest  and  trouble  they  have 
taken   in   discussing  this  paper,  each  from  his  own  standpoint  and 
experience,  it  is  true,  but  these  side  lights  furnish  an  opportunity  to 
illuminate  the  general  problem. 

General  Rev ieu\  —  Some  confusion  has  arisen  from  an  attempt  to 
measure  results  obtained  elsewhere  under  totally  different  conditions; 
thus,  instances  are  cited  of  the  success  of  twin  jetties  where  there  is  a 
large  fluvial  discharge  at  high  velocities;  cases  which  are  not  com- 
parable with  that  under  consideration  where  there  is  no  land  drainage 
and  a  very  small  diurnal  tide.  Again,  it  is  attempted  to  compare  a  single 
jetty  projecting  from  the  shore  with  the  reaction  breakwater  which  is 
purposely  wholly  detached  therefrom;  or,  still  further,  linear  work, 
having  but  a  single  function  to  perform,  is  cited  as  a  precedent 
for   curvilinear  work  designed  to  develop  diverse  agencies. 

Objections  are  also  made  to  the  use  of  the  words  "reaction  break- 
water" as  being  redundant,  Major  Symons  not  appearing  to  recognize 
the  fact  that  the  structure  does  break  the  waves  from  the  north  and 
northeast,  forming  a  channel  of  quiet  water  in  its  lee  and  also  pro- 
duces a  scour  by  the  continuous  reaction  of  the  ebb  currents  along 
the  concave  front  of  the  structure.  These  anticipated  results,  how- 
ever, are  so  patent  that  no  further  space  will  be  taken  to  reiterate  them. 

Mr.  Corthell  devotes  considerable  space  to  the  impropriety  of 
leaving  an  opening  for  the  free  admission  of  the  flood  tide,  and  quotes 
from  Captain  Eads  the  well-recognized  principles  applicable  to  half- 
tide  or  submerged  jetties  to  sustain  these  views.  As  there  is  no  ques- 
tion concerning  their  soundness  and  as  the  writer  is  on  record  in  the 
papers  referred  to  in  his  original  paper,  no  time  will  be  consumed  in 
responding  to  this  point  which  is  also  well  covered  by  Mr.  Marindin. 
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Mr.  Haupt.  Mr.  Corthell  recognizes  that  the  theory  is  "exceptional"  and 
"peculiar,"  the  work  incomplete,  and  that,  if  correct,  the  cost  will 
be  only  about  one-third  of  that  under  present  plans.  Certainly,  then, 
it  is  worthy  of  demonstration,  which  is  all  the  writer  has  been  seek- 
ing for  years,  and  the  testimony  of  Nature's  agencies  are  now  pro- 
duced, as  far  as  they  have  gone,  to  establish  the  correctness  of  their 
application  at  this  difficult  locality.  This  testimony  does  not  seem  to 
be  refuted  by  any  of  the  arguments  submitted.  The  writer  does  not 
claim  universal  application  of  his  plans  to  all  conditions  as  seems  to 
be  inferred  from  a  few  of  the  discussions,  since  each  case  is  a  special 
problem  to  be  solved  on  its  merits.  Neither  does  he  claim  that  a 
reaction  is  developed  by  a  "  convex  bank."  The  function  of  the  con- 
vex portion  of  the  work  is  wholly  distinct  from  the  concave  portion, 
but  none  the  less  important  (as  heretofore  stated). 

The  unqualified  statement  that  "  it  is  not  velocity  *  *  *"  that 
produces  scour,  is  undoubtedly  absurd,  but  it  was  net  intended  to  be 
so  used,  as  the  context  shows.  It  is  a  well-known  physical  fact  that 
the  mean  velocity  of  a  given  stream,  as  generated  by  its  surface  slope, 
does  produce  remarkably  different  results  under  apparently  similar 
conditions.  The  cases  cited  should  suffice  to  illustrate  the  meaning, 
which  was  not  to  disparage  either  velocity  or  volume,  without  which 
no  work  could  be  done,  but  to  direct  attention  to  the  tool,  so  to  speak, 
whereby  they  may  be  applied  to  produce  cutting.  There  is  ample 
energy  stored  in  the  effluent  at  every  bar,  but,  unless  it  is  developed 
by  some  form  of  resisting  medium  and  made  to  operate  on  the  bottom, 
it  glides  to  sea  inoperative.  The  mean  velocity  is  broken  up  and  dis- 
tributed into  complex  bottom  movements  by  the  resisting  break- 
water. 

A  serious  defect,  so  oft  repeated  in  harbor  works,  in  the  writer's 
opinion,  is  the  manner  in  which  it  is  attempted  to  apply  straight  jet- 
ties to  develop  a  channel;  with  the  result  that  a  deep  hole  is  scoured 
out  at  the  point  of  incidence  of  a  current  and  the  energy  of  the  stream 
is  dispersed  by  being  reflected  at  an  angle  instead  of  being  continuously 
supported  across  the  bar.  This  is  observable  in  many  instances  where 
twin  jetties  have  been  placed.  It  is  the  purpose  of  the  curved  break- 
water to  maintain  a  continuous  reaction;  which  has  been  done,  as 
showm  by  the  results  already  secured.  The  currents  are  moulding 
their  own  channel,  with  a  thalweg  about  500  ft.  from  the  axis  of  the 
work  and  parallel  thereto. 

Dublin  harbor,  which  is  regarded  as  one  of  the  most  successful  in- 
stances of  convergent  jetty  scour,  was  visited  by  the  writer  in  1889, 
and  described  in  the  paper  on  "Jetties  for  Harbor  Improvements." 
Here  the  benefit  was  alleged  to  be  due  largely  to  the  600-ft.  gap  in  the 
North  wall,  wdiich  admitted  more  water  at  flood  than  it  emitted  at  ebb, 
thus  changing  the  equilibrium  between  the  heads  of  the  jetties  slightly 
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in  favor  of  the  ebb.     The  dredging  of  the  area  within  the  jetties  is  not  Mr.  Haupt. 
germane  to  the  subject.     From  the  x-elative  positions  of  the  jetties, 
shoaling  is  to  be  expected  in  this  harbor. 

Neither  does  the  writer  regard  it  as  important  to  reopen  the  discus- 
sion on  the  resultant  direction  of  the  littoral  drift  at  Aransas,  which 
was  brought  out  by  Mr.  Sweitzer's  paper  on  the  "  Origin  of  the  Gulf 
Stream,"*  to  which  attention  is  directed.  Suffice  it  to  say  that  the  ac- 
cumulation of  drift  on  every  jetty  built  in  the  Gulf  furnishes  sug- 
gestive evidence  as  to  the  correctness  of  the  location  of  the  breakwater. 

The  writer  does  not  wish  to  disparage  any  carefully  observed  data, 
but  in  these  problems  the  elements  are  so  varied  in  different  parts  of 
the  same  inlet  and  are  changing  so  constantly  (every  hour  almost)  that 
even  a  very  large  number  of  simultaneous  observations,  extended  over 
long  periods,  will  not  furnish  as  authentic  a  record  as  the  chrono- 
graphic  resultant  engraven  on  the  plastic  material  moulded  by  the 
forces  themselves.  Careful  comparative  surveys  are  indispensable  for 
this  purpose,  as  well  as  measurements  of  the  forces  which  have  effected 
the  results.  A  study  of  such  charts,  at  various  dates,  is  of  more  value 
than  a  few  instrumental  observations  of  velocities  of  currents,  winds  or 
tides,  all  of  which,  however,  have  a  relative  value.  The  writer's  con- 
clusions, as  to  the  resultant  direction  of  the  littoral  drift,  were  more 
fully  set  forth  in  previous  publications.  It  is  largely  a  resultant  of  the 
angle  of  wave  approach,  configuration  of  shore  line,  tides,  wind,  etc., 
all  of  which  co-operate  to  produce  the  effect.  At  Aransas  the  con- 
sensus of  opinion,  as  well  as  the  efficiency  of  the  work  done,  point  to 
the  fact  that  the  littoral  drift  is  southwesterly.  The  small  spur,  600 
ft.  long  built  in  1869,  was  a  strong  pointer. 

Twin  Jetties  at  River  Months. — The  writer  makes  no  issue  as  to  the 
use  of  parallel  jetties  at  the  mouths  of  rivers,  as  his  paper  states. 
Twin  jetties  are  but  the  logical  outcome  of  Nature's  laws  in  attempt- 
ing to  conduct  an  effluent  stream  over  or  through  an  obstruct- 
ing medium.  They  constitute  an  aqueduct.  To  be  most  successful, 
they  should  confine  the  land  discharge  and  exclude  the  tidal  waters. 
The  greater  the  preponderance  of  outflow,  the  better  the  result.  But, 
in  sedimentary  streams,  jetties  serve  merely  to  conduct  the  flow  across 
the  site  of  the  original  bar.  When  it  reaches  the  sea,  and  the  velocity 
is  checked,  the  sediment  is  again  dropped  and  the  process  of  bar  build- 
ing and  jetty  extension  must  continue,  unless  there  is  a  sufficiently 
strong  littoral  current  to  conduct  the  silt  away  from  the  outlet.  If 
not,  the  depth  may  be  maintained  by  dredging.  Hence,  as  stated, 
every  jji-oblem  has  its  local  features.  A  single  curved  jetty  at  a  river 
mouth,  however,  may  suffice  to  sustain  the  currents  while  crossing  the 
bar,  and  prevent  deposit,  so  long  as  they  are  reacted  upon,  causing  their 
load  to  be  thrust  aside  beyond  the  influence  of  the  reaction  and  thus 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xl,  1898,  p.  86. 
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Mr.  Haupt.  building  up  a  mud  or  sand  jetty  at  a  suitable  distance  for  navigation 
and  automatically  adjusted  to  the  regimen  of  the  stream,  thus  saving 
the  price  of  one  of  the  twin  jetties. 

This  action  is  well  illustrated  in  the  results  at  Aransas,  where  the 
sand  bar  has  been  thrust  aside  and  moulded  without  advancing  sea- 
ward, making  a  counterpart  to  the  breakwater,  and  aiding  in  confining 
the  currents  to  their  natural  j>ath.     Other  instances  will  be  cited  later. 

Brazos  Entrance. — As  attention  is  called  to  the  depths  stated  at  the 
mouth  of  the  Brazos  as  "erroneous  '"  the  writer  begs  to  add  that  he 
hoped  to  find  decidedly  increased  depths  from  the  excessive  fluvial 
discharge  of  last  July's  floods,  and  hence  wrote  to  Texas  to  learn  the 
results.  A  perfectly  reliable  authority  replied,  as  stated  in  the  paper, 
and  on  this  condition  a  comparison  was  predicated.  That  it  is  substan- 
tially correct  is  confirmed  by  the  letter  of  Mr.  Dorchester,  cited  by 
Mr.  Corthell,  stating  that  it  had  shoaled  to  "15  ft."  (It  must  have 
been  at  this  date  that  the  inquiry  was  reported.)  "Subsequently 
deepened  to  18  ft."  The  letter  adds:  "Bar  entirely  outside  of  jet- 
ties," etc.  This,  then,  is  still  an  incomplete  work,  and  no  final  con- 
clusions should  be  drawn.  The  writer  has  always  had  confidence  in 
the  twin  jetties,  as  designed  and  partially  built  for  this,  the  most 
promising  river  in  Texas,  for  the  application  of  this  method.  It  is 
somewhat  similar  to  Tampico,  where  Mr.  Corthell's  work  has  proven 
entirely  successful.  No  "  attack  "  is  made  on  old  methods,  where 
properly  applied,  but  it  should  be  remembered  that  science  is  pro- 
gressive, and  in  suggested  improvements  defects  of  existing  methods 
may,  with  propriety,  be  pointed  out,  for  the  purpose  of  emphasizing 
and  illustrating  the  particular  applications  of  the  new.  This  does  not 
mean  an  unqualified  condemnation  of  the  old,  and  is  in  strict  con- 
formity with  the  law  of  evolution. 

As  early  as  November  19th,  1888,  Mr.  Corthell  very  kiudly  received 
the  writer's  publications  and  plans,  returning  them  with  the  remark: 

"  They  are  all  very  interesting  and  you  have  certainly  done  an  im- 
mense amount  of  work  in  collecting  data  relating  to  harbor  phenomena. 
I  cannot  concur  with  you,  however,  in  your  improvement  of  tidal  har- 
bors, and  cannot  bring  myself  to  believe  that  detached  works  such  as 
you  propose  will  obtain  the  depths  required.  *  *  *  I  have  no  oc- 
casion to  design  any  works  for  exclusively  tidal  harbors." 

This  was  before  any  results  were  obtained  by  any  works  of  this 
character;  but,  for  lack  of  space,  further  consideration  of  this  valuable 
contribution  must  be  deferred. 

Mr.  Marindin,  physical  hydrographer  of  the  Coast  Survey,  recog- 
nizes the  fact  that  streams,  in  carving  out  their  channels  in  alluvium, 
ignore  straight  lines  (which  are  those  of  the  greatest  slope  between 
given  points  in  a  bend),  and  take  to  the  curves  where  they  scour  to 
greater  depths,  as  cited  also  by  Mr.  Kipley.  This  furnishes  another 
answer    to  'the  point  raised  as  to  the  velocity  due  to  surface  slope 
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being  the  main  factor  in  cutting  channels,  and  brings  out  the  reaction  Mr.  Haupt. 
feature  which  has  been  so  little  utilized  hitherto  in  engineering  ap- 
plications. 

New  York  Bay. — In  referring  to  the  "  Narrows  "  of  New  York  Bay 
to  illustrate  the  effect  of  "reaction  versus  velocity/'  as  a  cause  for  the 
observed  effect,  the  writer  quoted  from  memory  impressions  gleaned 
some  12  years  before  from  the  reading  of  a  manuscript  report  by  Pro- 
fessor Henry  Mitchell,  on  the  physics  of  this  bay.  This  report  was 
made  in  1858-59,  and  revised  in  1862,  but  was  not  published.  The  follow- 
ing extract  therefrom  is  made  by  the  courtesy  of  Professor  Mitchell : 

"  The  greatest  depth  of  water  was  found  at  Station  G  (Fig.  6)  in  the 
Narrows,  and  here  our  lowest  point  of  observation  was  92  ft.  from  the 
surface.     At  this  depth  we  found  the  flood  current  prevailing  ten  (10) 
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of  water  at  the  Station.while  the  horizontal  lines 
measure  the  velocity— the  dotted  line  indicating 
ebb,  the  broken  one  hood. 


Fig.  6. 
hours  out  of  the  twelve  (12)  giving  place  to  the  ebb  only  at  the  most 
rapid  fall  of  the  tide.  The  flood  stream,  coursing  along  the  bottom, 
reaches  its  maximum  velocity  near  the  time  of  high  water;  the  highest 
rate  observed  being  1.82  miles  per  hour,  a  powerful  scouring  force  ! 
The  greatest  velocity  of  the  ebb  at  the  same  point  was  observed  to  be 
0.25  mile  per  hour,  a  force  which  according  to  the  observations  of 
Dubuat  is  incapable  of  overcoming  the  rolling  friction  of  fine  sand. 

"  The  surface  observations  at  this  station  indicate  a  very  great  pre- 
ponderance of  the  ebb  current,  but  it  does  not  prevail  so  persistentlv 
as  the  flood  in  the  lower  stratum." 

These  resultants  are  more  clearly  illustrated  by  the  diagram,  Fig. 
6,  which  accompanied  this  report,  and  which  exhibit  so  forcibly  the 
existence  of  this  great  vertical  eddy  swaying  with  the  tide. 

As  the  observations  for  velocity  and  duration  were  at  a  depth  of 
92  ft.,  while  the  bottom  was  102  ft.  below  the  surface,   and  the  flood 
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Mr.  Haupt.  resultant  increases  with  the  depth,  it  is  probably  nearer  the  truth  to 
place  its  duration  at  11  hours  on  the  bottom,  as  stated  in  the  paper. 

Is  it  safe  to  presume  that  a  maximum  velocity  of  2.7  ft.  per  second, 
acting  alone,  will  scour  material  from  the  bottom  of  a  hole  102  ft.  deep 
and  will  roll  it  up  a  slope  to  the  level  of  the  bed  of  the  harbor,  prob- 
ably 60  or  70  ft.  higher,  when  similar  velocities  will  not  disturb 
fine  sand  under  6  ft.  of  water  on  a  down  grade?  Certainly,  there  must 
be  some  agency  other  than  mere  velocity  to  explain  this  phenomenon _ 
The  cautious  engineer  must  take  it  into  consideration,  and  may  utilize 
it  in  designing  his  works. 

Mr.  Marindin  is  correct  in  his  predictions  as  to  possible  extensions 
of  the  breakwater  in  case  of  extensive  deposits  beyond  the  end  of  the 
works,  but  as  this  is  a  drift  and  wave  bar,  with  a  practically  clear 
effluent  (excepting  perhaps  during  Northers),  and  as  the  reactionary 
effect  of  the  currents  is  to  displace  material  in  a  lateral  rather  than  a 
longitudinal  direction,  rolling  it  to  one  side  before  reaching  the  outer 
end  of  the  breakwater,  and  as  this  end  curves  so  as  to  create  confluent 
streams  at  certain  stages  of  the  tide  to  maintain  the  movement  of 
whatever  sand  may  be  carried  out,  there  has  been  no  appreciable 
deposit  at  the  outer  end  of  the  work,  nor  any  advance  seaward  of  the 
bar.     The  results  speak  for  themselves.     See  discussion  by  Mr.  Pitts. 

In  a  sedimentary  stream,  a  different  curve  and  location  should  be 
adopted,  to  admit  of  greater  possible  extensions.  That  this  is  an  import- 
ant factor  will  be  seen  from  the  rapid  movement  of  the  Galveston  bar, 
resulting  from  the  failure  to  arrest  the  littoral  drift  by  the  construc- 
tion of  the  north  jetty  first;  or  still  better,  by  the  concave  breakwater 
recommended  by  Mr.  Ripley  in  1883.  The  several  efforts  to  secure 
deeper  water  at  Aransas  by  a  south  jetty  first  also  failed,  because  of 
the  bar  advance  resulting  in  less  depths.  The  effect  is  the  same  as 
that  of  placing  a  snow  fence  on  the  wrong  side  of  a  railroad  cut. 

The  following  is  a  statement  showing  the  advances  of  the  bar  at 
Galveston,  Texas,  as  indicated  by  the  movement  of  the  outer  18-ft. 
contour,  and  is  taken  from  the  blue  prints  of  official  surveys  made  on 
the  dates  indicated;  measured  from  a  "base"  line  joining  station 
220  -f-  18  on  the  North  Jetty  with  the  South  Jetty  beacon: 

From     "base"'    to 
18-ft.  contour. 

October        4th,  1894 650  ft. 

23d,  "    750  " 

December        "  "     1150" 

March              3d,  1895 1  800  " 

April                "  f«     1800  " 

29th,  "     2  300  " 

June                3d,  "     2  200  " 

30th,  "     2  350  " 

July             31st,  "    2  550  " 

September     2d,  "     3  300" 

27th,  "     3  350  " 
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Depth  in  natural  channel  16  ft.  crossing  south  jetty.  .  Over  60  000  Mr.  Haupt. 
ft.  of  jetty  work  in  place  in  1896.  The  increased  depths  in  the  chan- 
nel were  secured  and  maintained  by  dredging.  The  advance  of  the 
bar  seaward  during  the  year  from  October  1th,  1891,  to  September 
27th,  1895,  was,  therefore,  2  700  ft.  on  a  little  more  than  half  a  mile, 
which  was  unprecedented.  The  bar,  which  was  originally  about  3 
miles  out,  is  now  over  5,  and  still  advancing. 

The  writer  coincides  entirely  with  Mr.  Marindin's  closing  remarks 
as  to  the  use  of  parallel  jetties  at  the  Brazos,  while  the  case  of  the 
South  or  South  West  Pass  is  too  large  a  problem  to  be  embodied  in  this 
discussion,  and  must  consequently  be  deferred. 

Mr.  Wisner  distinguishes  clearly  the  necessity  of  adapting  the 
remedy  to  the  conditions  as  to  tidal  or  fluvial  embouchement;  also  as 
to  the  need  of  admitting  the  full  tidal  prism  at  flood,  and  confining  it 
during  ebb  to  a  local  path,  thus  changing  materially  the  conditions  of 
equilibrium  over  that  part  of  the  bar  intended  for  navigation,  which 
cannot  be  done  at  tidal  inlets  by  two  tight  jetties.  The  attempt  to 
accomplish  it  has  resulted  in  the  waste  of  millions  of  dollars  and  con- 
stant charges  for  maintenance  by  sluicing  or  dredging. 

While  twin  jetties  have  been  successful  at  the  mouths  of  rivers 
having  no  estuaries,  the  writer  does  not  think,  as  already  intimated, 
that  a  single  well-built  and  properly  placed  reaction  jetty  would  not 
produce  quite  as  good  results  where  there  is  a  resultant  littoral  cur- 
rent to  remove  the  debris  and  prevent  the  advance  of  the  bar.  In  fact, 
he  is  familiar  with  several  very  successful  precedents.  To  cite  only 
one,  a  single  curved  jetty  of  3  000  meters  radius  has  deepened  its  bar 
four-fold,  where  "for  centuries  before  the  struggle  against  the  bar 
consisted  in  prolonging  simultaneously  two  jetties  from  either  bank 
of  the  river,  leaving  between  them  a  distance  of  about  500  ft.  But  the 
sands  outran  the  heads  of  the  jetties,  the  flats  were  extended  and  the 
bar  reformed.  *  *  *  Now  (1889;,*  the  bar  has  actually  vanished," 
and  the  tonnage  has  increased  enormously.  From  this  instance  it 
would  appear  that  a  single  concave  curved  breakwater  at  the  mouth  of 
a  river  may  produce  the  relief  desired  at  much  less  cost  than  by  two 
jetties,  and  hence  becomes  the  better  solution.  This  is  also  confirmed 
by  the  experience  at  the  mouth  of  the  Columbia  River  in  Oregon, 
which  was  begun  by  Major  Powell,  Corps  of  Engineers,  U.  S.  A.,  in 
1835,  at  an  estimated  cost  of  $3  710  000  for  a  half-tide  jetty,  to  be  sup- 
plemented by  raising  it  to  high  water,  "  or  by  building  a  short  work 
on  Peacock  Spit  for  an  increase  of  contraction."!  The  second  jetty 
*  was  not  built,  as  it  was  found  necessary  to  raise  the  first  to  high 
water  to  intercej)t  the  sand  successfully,  and  this,  with  the  drainage 
of  the  Columbia  River,  served  to  produce  sufficient  depth. 

*M6moire,  Societe  des  Ingenieurs  Civils.  etc. 

tin  closing  the  discussion  on  Grays  Harbor  in  1890  it  was  stated  that  the  writer  was 
in  error  on  the  proposition  to  use  two  jetties  at  tlie  mouth  of  the  Columbia,  and  there 
was  no  opportunity  to  state  the  authority  which  is.  therefore,  quoted  as  above. 
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Mr.  Haupt.  Experience,  tlms  far,  at  Aransas  does  not  indicate  that  the  short 
spur  on  the  west  side  to  the  wreck  of  the  Mary  will  ever  be  required, 
since  the  currents,  even  in  the  present  condition  of  the  work,  are  abun- 
dantly able  to  protect  the  channel  from  the  eddy  action  referred  to, 
and  the  fact  that  the  breakwater  is  detached  from  shore  modifies  this 
action  greatly.  The  currents  have  built  their  own  protecting  barrier 
of  sand  without  cost  to  anyone  or  injury  to  navigation. 

The  jetties  at  Galveston,  Cumberland  Sound  and  other  points  are 
placed  too  far  apart  to  co-act  in  producing  scour.  This  results  from 
the  desire  to  admit  as  much  of  the  flood  tide  as  possible  and  therefore 
lessens  greatly  the  concentration  at  ebb,  and,  since  both  flood  and  ebb 
movements  follow  the  same  path  through  the  same  area  of  cross-section, 
there  is  no  beneficial  resultant,  and  dredging  becomes  a  necessity, 
while  the  bar  moves  seaward  at  a  more  rapid  rate  than  before.  This 
is  not  similar  to  the  flood  and  ebb  in  a  river  where  there  is  a  resultant. 

A  few  words  as  to  Cumberland  Sound,  by  way  of  illustration.  The 
plan  of  1879,  as  revised  in  1891,  consisted  of  two  low  jetties  of  stone, 
having  their  outer  ends  parallel  and  about  3  900  ft.  apart.  Work  was 
commenced  in  1881.  The  expenditure  to  July  1st,  1890,  amounted  to 
.8479  550.28.  The  results  were  "  considerable  shoaling. "  The  channel 
divided,  the  southerly  one  having  "  13  ft.  at  mean  low  water  the  same 
as  reported  last  year."* 

In  reporting  on  this  site,  in  1879,  General  Gillmore  said  "the 
draught  of  water  that  can  be  carried  over  the  Fernandina  Bar  (Cumber- 
land Sound)  varies  from  11  to  12£  ft.  at  mean  low  tide,  with  exceptional 
depths  1  ft.  greater,  and  a  mean  tide  of  about  6  ft."  Estimated  cost 
§2  071  023  to  "give  a  low- water  depth  in  the  new  channel  of  20  to 
21ft." 

The  present  depths  between  jetties,  as  shown  by  the  chart  of  1898f 
is  less  than  6  ft.,  and  there  has  been  appropriated  81  787  500.  Hence 
it  follows  that  for  each  of  the,  say,  (5  ft.  of  depth  lost  between  the  jet- 
ties the  cost  has  been  about  8298  000,  while  it  was  estimated  originally 
that  each  foot  of  depth  gained  should  have  cost  (estimating  on  8  ft.) 
$26  i  00  I,  making  a  difference  of  8558  000  per  foot  between  the  predic- 
tions and  realities.  The  actual  increase  obtained  by  dredging  south 
of  the  jetties,  as  reported,  was  2  ft.,  making  the  cost  per  foot  8893  750 
for  a  temporary  result  secured  after  about  nineteen  years  of  effort.  J 

On  June  30th,  1897,  the  crossing  on  the  bar  half  a  mile  south  of  the 
jetties  gave  "  depths  of  only  about  13  ft."  Cai^tain  Carter  then 
reported  that  the  project  has  "  proved  unsuccessful  for  the  sole  reason 
that    funds    have     not    been    supplied    regularly    and  in    adequate 

*  Report.  Chief  of  Engineers,  U.  S.  A.,  1891,  p.  1560,  et  eeq. 

*  Report,  Chief  of  Engineers.  U.  S.  A..  1898,  p.  132*5. 

J  The  cost  of  the  dredging  is  not  stated,  but  as  it  is  not  permanent  and  should  be  capi- 
talized,  say.  at  8%,  it  will  probably  not  differ  greatly  from  £25  000,  the  interest  on 
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amounts,"  whereas,  in  the  writer's  opinion,  the  location  and  design  of  Mr.  Haupt. 
the  jetties  was  largely  responsible. 

In  snbniiting  his  revised  plan,  dated  October  8th.  1890,  Captain 
Carter  recommended  a  concave  wall  on  the  north  side  of  the  channel, 
tlms  intending  to  dispense  with  the  southerly  jetty.  This,  he  says, 
would  involve  "  the  removal  of  the  central  portion  of  the  South  Jetty, 
which  is  improperly  located."  For  this  plan,  including  the  removal  of 
a  portion  of  the  South  Jetty,  the  estimate  was  $1  108  000.  while  for  the 
original  plan  the  estimate  was  nearly  double;  yet,  after  revision, 
"  the  Board,  after  consideration  of  all  the  conditions,  does  not  advise 
any  radical  change  in  the  general  direction  of  the  jetties  as  originally 
proposed.  It  does  not  think  that  a  single  jetty  on  the  north  side  of 
the  channel,  curving  gently  to  the  south, would  secure  the  deep  water 
needed,  but  is  of  opinion  that  two  jetties  will  be  necessary,"  etc. 

In  view  of  this  opinion  it  may  be  instructive  to  add  that  the  last 
report  available  (surveys  of  June,  1898)  shows  only  5.9  ft.  between  the 
jetties,  instead  of  13  ft.,  while  the  present  channel  crosses  the  south 
one,  the  outer  end  of  which  serves  to  protect  a  crossing  which  has 
been  opened  on  the  bar  by  dredging  under  its  lee;  so  that  the  two 
jetties  are  absolutely  useless  for  concentration  and  scour,  serving 
merely  as  sand  arresters,  and  are  serious  obstructions  to  the  currents 
which  they  cross. 

The  projeot  was  revised  again  in  1895,  and  estimated  to  cost 
$2  350  000;  and  in  1897  it  was  recommended  that  dredging  be  com- 
menced in  accordance  with  the  adopted  project,  850  000  being  appro- 
priated for  the  purpose.*  Work  on  the  jetties,  by  the  Atlantic  Con- 
tracting Company,  was  suspended  on  October  9th,  1897.  The  dredge 
boat  could  not  work  between  the  jetties  because  of  the  shallow  depth, 
so  it  worked  south  of  the  South  Jetty.  A  clam-shell  dredge  was  also 
put  to  work  to  open  a  channel  through  the  South  Jetty  to  a  depth  of 
about  15  ft.  The  next  season  a  channel  of  17  ft.  depth  was  opened  by 
dredging  the  bar  up  to  the  jetty,  but  it  shoaled  up  during  the  follow- 
ing months.  The  results  secured,  therefore,  are  wholly  due  to  dredg- 
ing, and  are  temporary  in  character. 

It  remains  to  connect  the  recommendations  of  Captain  Carter,  of  a 
single  curved  wall  or  breakwater  in  October.  1890.  and  its  rejection  by 
the  Board,  with  the  plans  of  the  writer,  by  stating  that  these  plans  were 
mailed  to  Captain  Carter,  then  in  charge  of  Cumberland  Sound,  at  his 
request,  on  May  5th,  1888,  followed  by  the  discussion  of  the  adverse 
report  of  the  Board  on  the  writer's  plans, f  March  28th,  1889,  yet, 
after  a  careful  study  of  the  local  conditions,  in  the  light  of  the  facts 
therein  contained,  he  (Carter),  without  the  knowledge  or  advice  of  the 
writer,  concluded  to  recommend  their  adaptation  to  his  problem,  but 

♦Report.  Chief  of  Engineers.  U.  S.  A..  1896,  page  Ki~4. 

t  "  Discussion  of  the  Dynamic  Action  of  the  Ocean  in  Building  Bars,  being  a  reply  to 
the  Report  of  the  Board  'of  Engineers,  U.  S.  A.."  Procevtlhujs,  Am.  Phi).  Soc,  March, 
1899. 
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Mr.  Haupt.  which  the  Board  declined  to  endorse,  with  the  results  as  above.  It  is 
probably  this  action  which  Mr.  Wisner  characterizes  as  "the  deadly 
wisdom  of  the  Engineer  Board  *  *  *  which  proved  fatal  to  the 
project." 

The  opening  paragraph  of  Major  Symons'  contribution  creates  the 
impression  that  he  is  unable  to  distinguish,  as  was  also  the  Board  of 
Engineers  of  1889,  between  a  reaction  breakwater,  placed  on  the  crest 
of  the  bar  and  having  a  specific  form  and  position,  and  an  ordinary 
jetty  having  its  i-oot  on  shore  and  projecting  as  a  groin  into  the  sea; 
but  the  distinction  is  radical  and  vital,  and  it  would  seem  that  the 
mere  assertion  of  the  lack  of  originality,  as  an  opinion,  should  have 
but  little  weight  when  not  supported  by  reference  to  the  alleged  pre- 
cedents, which  neither  he  nor  the  Board  have  seen  fit  to  quote. 
Neither  has  the  writer,  after  diligent  search  through  an  extensive 
field  of  harbor  literature,  been  able  to  discover  any  anticipation,  even 
approximate,  save  that  of  Major  Ripley  as  proposed,  but  never  built, 
at  Galveston. 

In  view  of  the  claims  made  in  this  part  of  the  discussion  as  to  the 
single-jetty  work  done  on  the  Pacific  Coast  by  Major  Symons,  the 
writer  feels  constrained  to  state  that  it  is  believed  all  of  his  work  was 
planned  subsequent  to  the  publication  of  the  plans  and  the  discuss- 
ions provoked  thereby. 

The  instance  of  Grays  Harbor  cited  was  not  discussed  until  about 
nine  years  after  the  writer's  earlier  papers  appeared,  and  if  "it  is  in 
every  essential  respect  such  a  reaction  breakwater  as  described,"'  as 
stated  by  Major  Symons,  then  it  does  not  furnish  a  precedent,  but 
rather  a  remarkable  confirmation  of  the  soundness  of  the  writer's 
plans,  and  becomes  as  well  an  infringement  upon  his  property  rights 
to  his  idea. 

As  the  writer  stated  his  views  in  the  discussion  of  1896,  it  will  suffice 
to  refer  to  the  Transactions*  of  this  Society  in  reply  as  to  the  expecta- 
tions; but  the  subsequent  work  done  there  will  serve  to  show  how  little 
actual  resemblance  there  is  to  the  reaction  breakwater,  for  the  jetty  is 
built  on  the  south  side,  is  connected  with  the  shore,  is  straight  for  a 
considerable  distance  whence  it  curves  away  from  the  channel  (or  is 
convex,  not  concave),  is  intended  to  be  3^  miles  long,  is  estimated  to 
cost  SI  000  000  and  is  expected  to  produce  24-ft.  depths.  In  other 
words,  it  is  not  solely  a  tidal  harbor;  no  provision  is  made  for  chang- 
ing the  equilibrium  of  ebb  and  flood  or  for  the  development  and  utili- 
zation of  the  reaction  of  the  ebb  currents,  while  only  a  partial  barrier 
is  opposed  to  littoral  drift  by  this  structure,  which  is  so  different  in 
plan  and  location  from  that  under  consideration. 

The  ruling  depth  shown  in  the  chart  of  1896  was  13  ft.,  and  that  in 
the  report  of  1898  remains  the  same,  while  the  proposed  jetty  crosses 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxvi,  1896,  p.  109. 
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the  channel.     It  would  therefore  seem  to  be  a  repetition  of  the  un-  Mr.  Haupt. 

fortunate  Government  experience  at  Aransas  Pass  in  1885,  excepting 

that  the  outer  end  of  the  jetty  is  convex  to  the  channel  instead  of 

concave,  which  is  so  much  the  worse  for  the  channel.     At  all  events, 

since  the  jetty  is  not  yet  completed  and  no  results  are  available,  it 

does  not  seem  to  bear  at  all  on  the  question  of  a  precedent  as  to  tidal 

scour  resulting  therefrom.     This  is  confirmed  by  the  admission  that, 

alter  all,  double  jetties  may  be  required  there,  and  they  are  estimated 

to  cost  $2  500  000.* 

The  next  reference  given,  as  anticipating  the  writer's  plans,  is  the 
single  jetty  at  Coos  Bay,  located  and  built  under  the  writer's  direction 
and  supervision,  1890  to  1895,  which  is  a  "  reaction  breakwater,"  etc. 
Here,  again,  there  is  a  lapsus  in  the  chronology,  since  the  plans  of  the 
writer  were  published  in  1887-88.  How  far,  therefore,  Coos  Bay  may 
be  an  anticipation  or  even  an  embodiment  of  those  principles  may 
be  seen  by  a  brief  reference  to  its  history. 

The  annual  report  of  Captain  Powell,  1886,  says: 
"  The  plan  is  to  build  a  half-tide  jetty  or  deflecting  dike  about 
2  400  ft.  long,      *     *     *      inside  of  the  entrance,  on  a  slightly  curved 
line  toward  Coos  Head.     *     *     *  " 

The  amount  expended  is  $128  259. 25.  The  original  estimate  of  cost 
is  $600  000. 

This  is,  therefore,  only  a  wing  dam  built  on  the  bank  of  the  stream 
inside  of  the  bar.  It  was  soon  "  submerged  "  and  injured  and  "  jetty 
operations  were  last  closed  in  December,  1884." 

At  this  point  there  is  a  rocky  headland  on  the  south  and  a  sand 
spit  on  the  north.  It  is  said  that  "  about  once  in  5  years  the  outflow 
sought  a  shorter  line  by  a  breach  through  the  north  spit,"  etc.  Depth 
at  low  water,  14  ft.  The  report  of  1898,  made  by  Major  Fisk,  Corps 
of  Engineers,  TJ.  S.  A.,  says:f 

"The  present  approved  project  J  provides  for  constructing  two, 
high-tide,  rubble-stone  jetties  to  obtain  and  maintain  at  the  entrance 
to  the  bay  a  low-water  bar  depth  of  at  least  20  ft.  The  North  Jetty  to 
be  9  600  ft.  long  and  the  South  Jetty  4200  feet  long." 

It  also  provides  for  sand  fences  on  the  north  spit.  Estimated  cost, 
$2  466  412.20,  independent  of  the  $213  750  expended  on  the  original 
project.  "All  operations  have  been  confined  to  the  North  Jetty.  *  *  *  " 
The  channel  was  well  south  of  the  jetty,  but  it  has  since  moved  grad- 
ually back  to  its  normal  position  nearly  parallel  to  the  line  of  the 
jetty. 

The  map  accompanying  the  report  of  1891  §  shows  the  plan  to 
consist  of  two  jetties,  the  north  one  extending  from  the  sand  spit 
southwardly,  to  canalize  the  effluent,  then  curving  in  a  long  sweep, 

*  Discussion  by  Mr.  Allardt,  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxvi,  1896. 

+  Report,  Chief  of  Engineers,  U.  S.  A.,  for  1898,  p.  2963. 

X  See  Report,  Board  of  Engineers,  Officers,  1890,  pp.  2986-65. 

§  Part  v,  facing  page  3162. 
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Mr.  Haupt.  convex  to  the  channel  and  extending  seaward  in  a  straight,  westerly- 
line  parallel  to  the  companion  jetty  as  proposed  from  Coos  Head 
and  1  500  ft.  distant  therefrom.  This  chart  bears  the  signature  of 
Captain  Symons,  and  is  dated  1891.  It  contains  the  following 
legend : 

"To  construct  two  brush  and  stone  jetties  converging  upon  and 
crossing  the  crest  of  the  bar  at  a  distance  apart  of  1  500  ft.     *     *     *" 

Mean  tide,  5  ft.  6  ins.  Soundings  in  feet  show  a  minimum  depth  of 
19  ft.,  so  that  whatever  results  were  secured  at  Coos  Bay  at  that  date 
were  due  solely  to  the  renewal  and  extension  of  the  Powell  inner 
jetty  of  1879,  for  which  the  twin  jetties  were  substituted  by  the  Board 
of  1889,  and  which  were  not  in  existence  in  1891.  Naturally,  under 
this  project,  the  proj^er  order  of  procedure  would  be  to  build  the 
North  Jetty  first,  as  was  done,  thus  controlling  the  movements  of  the 
spit  and  protecting  the  channel;  and  this  work,  with  the  rocky  head- 
land, should  suffice,  if  well  placed,  to  maintain  the  requisite  depth, 
with  the  assistance  of  the  ample  tide  and  rapid  land  drainage,  so 
characteristic  of  the  Pacific  Coast.  By  this  date,  probably  over  a  mile 
of  this  jetty  has  been  completed,  and  to  June  30th,  1896,  the  sum  of 
$733  750  was  appropriated,  but  the  gain  in  depth  resulting  therefrom 
is  not  stated  in  this  discussion.  The  Report  of  1898  states,  however, 
"  During  the  past  year  the  channel  over  the  bar  had  a  depth  ranging 
from  18  to  22  ft.  at  mean  low  water,"  while  the  Report  of  1892  also 
states  that  at  various  times  there  were  depths  of  18  ft. ,  and,  when  the 
channel  was  1  000  ft.  further  south,  there  were  27  ft.  at  low  water 
across  the  bar.  As  there  was  19  ft.  of  water  shown  on  the  chart  of 
1891  before  the  North  Jetty  was  started,  it  is  difficult,  therefore,  to  see 
wherein  it  has  materially  aided  in  deepening  the  channel  by  natural 
scour,  even  with  the  large  volume  of  tidal  and  fluvial  waters  available. 

In  short,  the  North  Jetty  as  built  at  Coos  Bay  is  in  no  sense  a  reac- 
tion breakwater,  such  as  is  partially  completed  at  Aransas  Pass,  and 
the  author  fails  to  understand  how  a  structure  which  did  not  exist  in 
1891  when  the  depths  shown  prior  thereto  varied  from  19  to  27  ft.  can 
be  said  to  have  developed  a  deep  bar  channel  when  the  reported  depths 
at  date,  1898,  were  18  to  22  ft. 

Neither  is  the  jetty  at  the  mouth  of  the  Columbia  a  -'reaction 
breakwater,"  according  to  the  writer's  views  and  purposes.  It  is 
merely  a  sand  barrier  serving  to  arrest  the  littoral  drift  and  thus 
reducing  the  work  to  be  done  by  the  ebb  stream;  but,  as  its  outer  end 
curves  away  from  the  channel,  its  reactionary  effects  are  lost  and  its 
efficiency  reduced.  Moreover,  the  physical  conditions  as  to  its  being 
exclusively  tidal  are  wholly  dissimilar. 

The  allusion  to  San  Diego  appears  to  be  equally  unfortunate  as  an 
attempt  to  establish  a  precedent.  In  1891,  it  was  reported  that  "The 
approved  project  contemplates  the  construction  of  a  jetty  about  7  500 
ft.  long  on  Zuninga  Shoals,  so  as  to  give  a  depth  of  26  ft.  at  mean  low 
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water  over  the  bar,  the  present   depth   at  the  same  stage   being  21  Mr.  Haupt. 
feet."* 

There  was  already  another  but  crooked  channel,  having  36-ft. 
depths,  and  it  was  proposed  to  create  a  new  one  in  a  different  place 
by  building  a  breakwater  from  Coronado  Island  to  cut  off  the  drift 
and  to  deepen  to  "24  ft."  by  dredging. 

Work  on  the  jetty  was  commenced  in  September,  1893,  and  the 
latest  report  at  hand,  1898,  states: 

"No  work  was  done  during   the  fiscal   year  ending  June,    1898. 
There  is  now  an  available  depth  of  21  ft.  at  mean  low  tide.     *     *     * 
Total  cost  to  June  30th.  1898,  $289  741.35." 

Hence  there  is  no  improvement  in  depth  and  no  similarity  of  condi- 
tions to  those  at  Aransas,  while  the  entire  project  was  executed  subse- 
quent to  1887. 

On  this  basis  this  analysis  might  be  extended  indefinitely,  but  the 
writer  believes  that  his  statement,  as  made,  remains  unshaken;  that 
the  incomplete  work  at  Aransas  marks  "a  distinct  advance  in  the 
resources  of  maritime  engineers  ";  and  he  appreciates  the  force  of  the 
concession  made  by  Major  Symons  in  his  opening  paragraph  that  "some 
of  the  most  successful  works  of  the  Corps  have  been  accomplished  by 
adopting  in  the  main  the  principles  enunciated  by  Professor  Haupt," 
even  though  the  references  cited  do  not  appear  to  show  very  great 
improvements,  if  any,  nor  an  adaptation  to  any  considerable  extent 
of  the  principles.  But  the  intentions  are  unquestionably  good,  even 
though  the  principles  may  not  have  been  correctly  applied. 

In  reference  to  the  alleged  precedents  on  the  North  Pacific  Coast 
it  should  be  noted,  moreover,  that  Major  Symons  states  the  move- 
ment of  the  channel  at  Coos  Bay  was  to  the  "  Northward,"  and  hence 
the  jetty  was  placed  on  the  north  or  far  side  thereof,  while  at  Grays 
Harbor  the  "channel  had  an  unswerving  tendency  to  move  from 
north  to  south,  etc."  "The  jetty  was  located  to  interpose  itself 
against  this  southerly  movement  with  the  hope  and  belief  that  the 
pressure  to  the  south  would  continue."  This  jetty  was,  therefore, 
placed  on  the  far  or  south  side  of  the  channel.  Thus,  in  both 
instances,  they  are  directly  opposed  to  the  location  as  adopted  at 
Aransas,  where  the  jetty  was  purposely  placed  between  and  not  beyond 
the  resultant  littoral  and  the  channel,  with  such  decidedly  beneficial 
results,  while,  in  all  other  cases  of  Government  work  on  the  Gulf,  the 
first  jetty  was  constructed  on  the  far  side  of  the  natural  channels, 
with  disastrous  results  and  greatly  increased  cost.f  This  erroneous 
location,  on  the  far  side,  increases  the  work  of  the  ebb  instead  of 
diminishing  it,  by  permitting  the  littoral  forces  to  carry  material  into 
the  channel  instead  of  arresting  it  on  the  near  side,  which  is  a  funda- 

*  Report,  Chief  of  Engineers.  U.  S.  A.,  for  1891,  p.  2961. 

t  Vide  rliscussions  on  Sabine  Pass,  Galveston,  etc.,  in  Journal,  Franklin  Institute, 
and  in  Proceed  inns.  Am.  Soc.  C.  E. 
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Mr.  Haupt.  mental  condition  of  the  design  and  location,  which  does  not  appear  to 
have  been  fully  comprehended  or  applied  by  the  engineers  of  those 
works.  Yet  the  writer  has  laid  it  down  as  the  first  desideratum,  viz., 
to  keep  the  littoral  drift  from  entering  the  channel.  A  jetty  on  the 
far  side  does  not  meet  this  condition,  and  is  therefore  no  anticipation 
of  either  the  principle  or  its  application. 

While  claiming  similarity,  Major  Symons  goes  on  to  show  radical 
differences,  and  the  reasons  therefore.  He  calls  attention  to  straight 
jetties  built  ostensibly  to  cause  erosion  and  yet  having  "  groins  on  the 
channel  side  to  protect  them  from  undue  erosion,"  thus  destroying  in 
large  part  their  efficiency.  That  the  work  at  Aransas  has  withstood 
storms  for  over  three  years  without  material  subsidence  is  a  sufficient 
answer  to  the  query  as  to  how  it  was  built.  That  was  one  of  the  pur- 
poses of  its  plan,  and  with  the  submerged  Government  jetty  reflecting 
the  currents  against  its  face  it  may  well  excite  surprise  that  it  has  not 
been  undermined  long  ago.  The  gaps  are  undoubtedly  a  serious 
menace  to  the  work.  They  were  left  by  the  Harbor  Company  and 
were  beyond  the  control  of  the  engineers,  yet  notwithstanding  the 
losses  of  water  and  entrance  of  sand  through  them,  the  deepening  of 
the  channel  has  been  continuous.  To  build  the  sill  G  E,  as  suggested 
by  the  Board  of  Engineers,  and  endorsed  by  Major  Symons,  would,  to 
a  large  extent,  destroy  the  preponderance  of  the  ebb  movements 
which  the  writer  desired  to  create;  cause  the  groin  to  fill  with  sand, 
the  shore  line  to  extend  seaward,  to  deliver  its  drift  in  front  of  the 
channel,  and  re-create  the  bar  in  front  of  the  breakwater.  All  of 
which  are  to  be  avoided  as  injurious. 

The  opening  at  the  shore  end  was  commended  by  H.  L.  Marindin, 
M.  Am.  Soc.  C.  E.,  Assistant  on  the  Coast  Survey,  as  early  as  Decem- 
ber 26th,  1889,  when  he  reported  to  the  Superintendent,  as  follows: 

"  One  of  the  good  features  in  Professor  Haupt's  theory  is  his  objec- 
tion to  the  closure  of  beach  or  flood  channels.  This  is  a  strong  point 
in  his  system  and  it  is  in  contradistinction  to  the  plans  generally  sub- 
mitted by  engineers." 

This  strong  point  the  Board's  plan  would  destroy.  Mr.  Marindin 
evidently  has  seen  no  reason  to  modify  this  opinion  since.  In  none  of 
the  cases  cited  by  Major  Symons  is  this  salient  feature  present,  neither 
is  the  concavity  for  reaction;  nor  the  peculiar  combination  of  curves 
intended  to  reinforce  and  protect  the  work  from  wave  action  on  the 
one  side  or  too  great  erosion  on  the  other. 

The  writer  does  not  claim  that  the  combination,  as  partly  built  at 
Aransas,  is  a  panacea  for  all  ills  nor  that  all  its  features  are  at  all  times 
"essential,"  but  for  tidal  inlets  he  does  believe  that  the  results,  un- 
der peculiarly  adverse  circumstances,  stand  unrivalled  in  the  history 
of  maritime  works,  and  that  its  intelligent  application  will  effect  far 
more  rapid  and  permanent  results  at  much  less  cost  than  twin  jetties 
as  now  applied. 
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If  the  writer  comprehends  clearly  the  drift  of  the  argument  sub-  Mr.  Haupt. 
mitted  by  Major  Ripley  it  is  to  show  that  the  principles  embodied  in 
the  peculiar  structure  built  at  Aransas  Pass  are  not  novel,  but,  as  the 
writer  has  made  no  claim  to  having  discovered  new  laws  or  applied 
new  principles,  he  need  make  no  other  comment  than  to  call  attention 
to  the  new  embodiment  of  these  old  principles  in  the  breakwater 
which  was  located  here  with  the  assistance  of  Messrs.  Ripley  and 
"Wisner. 

In  the  ancient  harbor  of  Swineniiinde  referred  to,  however,  there 
will  be  found  some  material  differences  between  the  curved  jetties  in 
pairs  at  the  mouths  of  sounds  having  large  fluvial  water  compartments 
with  several  inlets  and  the  case  in  point.  The  extract  from  General 
Gillmore's  report  of  1881  shows  two  jetties,  both  curved  and  rooted 
to  the  coast  line,  which  it  is  asserted  were  "entirely  successful,"  yet 
*'  requiring  the  frequent  use  of  dredging  machines."  This,  certainly, 
is  a  very  different  construction  and  result  from  that  at  Aransas,  where 
there  has  been  a  marked  increase  from  a  single  detached  structure, 
without  dredging,  and  which  has  been  constantly  deepening. 

The  progressive  improvement  at  Aransas,  due  to  scour  alone,  may 

be  seen  from  the  following  surveys  and  reports : 

Depth 

on  Bar. 

M.  L.  W. 

Survey  of  December  10th,  1896 6.5     ft. 

"  February  2d,  1897 8.0      " 

Old  jetty  breached  (500  ft.  in  length)  between  December, 
1896,  and  May,  1897: 

Survey  of  June  8th,  1897 8.75    " 

"  November  5th,  1897 9.23    " 

Reconnaissance,  February  5th,  1898 10.00    " 

Pilots  reported,  June  15th,  1898 11.00    " 

August  29th,  1898 12.00   " 

(by  telegram)  January  4th,  1899 13.3      " 

United  States  Coast  Survey,  February  11th,  1899 15.0       " 

These  are  the  depths  entirely  across  the  bar,  with  depths  on  both 
sides  of  the  old  Government  obstruction  of  over  22  ft. 

The  writer  would  be  pleased  to  go  more  fully  into  the  details  of  the 
harbor  works  on  the  Baltic,  and  make  public  some  very  interesting  old 
charts,  covering  several  centuries,  secured  during  his  visit  to  these 
ports,  but  the  length  of  this  discussion  is  already  too  great.  Suffice 
it  to  submit  a  few  excerpts  from  the  report  of  Assistant  Davidson,  in 
1875,  showing  the  local  conditions  at  Swinemiinde.  From  this  it 
appears  that  the  longer  mole  is  on  the  side  to  "  windward  "  as  regards 
the  drift  and  not  to  leeward;  there  is  also  the  usual  phenomena  attend- 
ing jetties  in  pairs,  but  the  channel  is  more  permanent  and  more  easily 
maintained  because  of  its  curvature,  being  coneave  to  the  channel. 
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Swinemiinde  on  the  Baltic.  * — The  Sound  has  three  outlets.  There  is 
no  tide  in  the  Baltic  save  that  created  by  winds.  In  1828,  the  depth 
was  6  ft.  There  is  a  constant  current  out  from  Stettin er  Sound,  sup- 
plied by  fresh  water  from  the  rivers  Oder,  Ihna  and  Ucker.  The 
channel  at  24  ft.  depth  is  not  quite  175  yds.  (525  ft.)  wide.  Two  ocean 
steamers  can  pass  without  difficulty. 

"  The  artificial  channel  is  composed  of  two  nearly  parallel  moles  of 
unequal  length  *  *  *  curving  well  to  the  westward.  The  outer 
mole  is  115°  of  a  circle  having  only  2  000  yds.  (6  000  ft.)  radius,  and  for 
two  miles  the  deep  water  scours  directly  under  its  wall." 

The  west  pier  has  no  parapet.  The  gales  of  1874  and  1875  carried 
away  250  ft.  of  the  east  parapet  bodily  into  the  channel.  The  piers 
have  been  prolonged  several  times  as  the  deposits  have  taken  place. 
The  beach  has  made  1  050  yds.  seaward.  What  littoral  drift  there  is 
seems  to  prevail  from  the  eastward,  and  the  deposit  on  the  westward  is 
partly  from  the  Sound  and  partly  from  the  littoral  drift,  but  the 
increased  depth  is  not  wholly  due  to  the  piers,  but  in  part  to  the  con- 
stant use  of  a  small  dredger.  The  cost  is  quite  moderate  and  the 
results  the  most  favorable  yet  seen  upon  a  coast  subject  to  heavy  gales. 

In  conclusion,  therefore,  the  writer  is  unable  to  find,  in  the  cases 
cited,  a  solitary  instance  of  a  tidal  entrance  where  there  is  a  detached, 
concave,  single,  reaction  breakwater,  which  has  effected  so  great  scour, 
in  so  short  a  time,  with  no  assistance  from  dredging,  in  the  face  of 
an  almost  fatal  obstruction,  and  at  so  little  cost.  If  such  a  precedent 
is  known  to  exist  he  would  be  grateful  to  learn  of  its  location. 

In  view  of  the  results  already  attained  by  this  reaction  breakwater 
and  of  the  efforts  which  have  been  made,  first,  to  prevent  its  introduc- 
tion; and,  subsequently,  to  so  modify  it  as  to  destroy  its  practicability, 
he  believes  that  the  work  should  be  carried  to  completion  upon  the 
original  plan  as  a  contribution  to  science  and  a  demonstration  of  its 
ultimate  efficiency.  It  is  self  evident  that  if  equally  good  results  can 
be  obtained  by  so  inexpensive  a  work,  without  dredging,  many  millions 
of  dollars  may  be  saved,  while  the  barriers  which  have  so  long 
obstructed  our  commerce  may  be  removed  much  more  rapidly. 

*  Notes  from  the  Report  of  George  Davidson,  Assistant,  U.  S.  Coast  Survey,  1875,  p. 
300. 
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ELECTRICITY    VERSUS    STEAM     FOR     BRANCH 
RAILROAD     LINES. 

Discussion.* 


By  Charles  H.  Davis,  M.  Am.  Soc.  C.  E. 


Charles  Henry  Davis,  M.  Am.  Soc.  C.  E.  (by  letter). — While  the  Mr.  Davis, 
subject  for  discussion  seems  to  be  confined  to  the  application  of  electric 
motive  power  to  branch  steam  railroad  lines,  the  members  speaking 
on  this  subject,  at  the  Annual  Convention,  June  30th,  1899,  are  evi- 
dently interested  in  the  problem  as  a  whole  and  have  not  confined 
themselves  to  "branch  lines."  Claiming  the  same  privilege,  the 
writer  transmits  the  following  as  possibly  throwing  some  light  on  the 
future  development  in  the  use  of  electric  traction,  not  only  on  existing 
steam  railroad  lines,  but  for  new  high-speed  interurban  transporta- 
tion systems. 

Reversing  the  usual  order,  some  of  the  writer's  conclusions  are 
given  prior  to  the  discussion,  in  order  that  each  step  may  be  followed 
more  readily.  The  figures  and  tables  may  be  found  to  have  some  errors 
(of  which  the  author  will  be  glad  to  be  advised),  and,  in  many  cases, 
are  only  approximate;  so  that  they  must  not  necessarily  be  treated  as 
accurate  in  their  details,  but  they  are  safe  as  to  their  conclusions,  and 
can  be  relied  upon  in  this  respect. 

Conclusions. 

(1)  Steam  railroads  will,  in  the  near  future,  handle  their  suburban 
and  short-distance  interurban  passenger  traffic  and  mail,  express,  bag- 
*  Continued  from  August,  1899,  Proceedings. 
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Mr.  Davis,  gage  and  light  local  freight  carried  in  said  suburban  and  interurban 
passenger  trains,  by  electric  motive  jiower;  and  this,  irrespective  of 
whether  operating  expenses  are  affected  favorably  or  unfavorably. 

(2)  Steam  railroads  will  not,  in  the  near  future,  handle  their  freight 
traffic  (other  than  mail,  express,  baggage  and  light  local  freight  carried 
in  suburban  and  interurban  passenger  trains),  and  long-distance  pas- 
senger traffic  by  any  other  motive  power  than  steam  locomotives. 

(3)  Steam  railroads  may,  under  exceptional  conditions  of  large 
volume  and  great  density  of  passenger  traffic  over  comparatively  short 
distances,  handle  it  by  electric  motive  power,  but  such  cases  will  be 
infrequent. 

(4)  New  railway  lines,  connecting  very  large  centers  of  population, 
where  frequent  service  at  much  higher  speeds  than  can  be  attained 
now  by  steam  locomotives  on  existing  lines  are  conditions  of  success, 
will  be  operated  by  electric  motors. 

There  are  three  conditions  under  which  suburban  and  short-distance 
interurban  traffic  will  be  handled  profitably  by  steam  railroads  con- 
verting to  electric  traction: 

1.  (a)  Where  units  can  be  light  and  frequent,  and  operated 
over  comparatively  short  distances. 

(b)  Where  gross  receipts  can  be  so  increased  by  the  change 
of  system  and  mode  of  operation  as  to  pay  for  the  increased 
investment  and  possible  increase  in  operating  expenses. 

(c)  Where  competition  of  parallel  electric  roads  compels  the 
change,  to  save  what  traffic  there  is,  irrespective  of  how  operat- 
ing expenses  are  affected. 

In  the  future  development  of  steam  railroad  systems  they  will 
eventually  be  operated  jointly  with  surface  electric  railways,  either 
through  actual  mutual  ownership,  or  by  traffic  contracts,  leases,  etc. 

The  above  conclusions  are  obviously  dependent  upon  what  Mr. 
Prout  properly  defines  as  "  traffic  conditions,  "and  not  primarily  engi- 
neering details  or  operating  expenses. 

Laws  of  Passenger  Traffic. 

The  laws  of  passenger  movement  are  not  well  defined,  and  many 
of  them  are  illusive  and  hard  to  determine;  the  causes  of  loss  or  gain 
are  often  largely  a  matter  of  individual  judgment,  so  that  the  follow- 
ing outline  of  them  must  not  be  taken  as  in  any  way  exact. 

People  travel  from  one  place  to  another  from  (1),  necessity,  and 
(2),  pleasure  or  whim. 

They  are  induced  to  travel  more  or  less  often  according  to: 

1.  Total  Cost  from  Point  of  Departure  to  Objective  Point  and  Return  to 
Place  of  Beginning. — As  the  total  cost  is  reduced,  travel,  due  to  both 
fundamental  causes,  is  increased;  presumably  less  rapidly  than  the 
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EXPLANATION 

Multiplier  for 
e  Vertical  Scale 

Total  Miles  of  Track 1  000 

Annual  Increase  of  Mileage 100 

Total  Population  of  the  United  States 1  000  000 

Percentage  of  Increase  of  Population  of  United  States 1 

Density  of  Population  of  the  United  States 1 

"  "  Massachusetts 2 

Total  Urban  Population  of  the  United  States 100  000 

Percentage  of  Urban  to  Total  Population  of  the  United  States H 

Total  Population  of  New  York.New  Jersey  and  Pennsylvania 100  000 

"  "  Massachusetts 100  000 

"  "  New  York  City 10  000 

"  "  Brooklyn 10  000 

"  "   Philadelphia 10  000 

"  Served  by  N.Y.&  P.R.T.R.R 100  000 
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Mr.  Davis,  total  cost  falls.     Note  that  the  important   factor  to  the  passenger  is 
total  cost,  and  not  cost  per  mile  traveled. 

2.  Total  Time  Consumed  in  Making  the  Round  Trip. — As  the  total 
time  consumed  is  reduced,  travel,  due  to  both  fundamental  causes,  is 
increased,  presumably  less  rapidly  than  the  total  time  falls.  Velocity 
of  transportation  is  not  primarily  effective  in  inducing  travel,  for  it 
makes  no  difference  to  the  passenger  whether  he  be  carried  80  miles  in 
30  minutes  or  only  12  miles. 

3.  Total  Conveniences  Afforded  the  Passenger. — These  may  be  divided 
into: 

(a)  Proximity  of  departure  and  arrival  points  to  possible 
passengers.  As  a  "  leave-at-your-door  "  service  is  approached, 
passenger  traffic  increases,  but  according  to  no  known  ratio  to 
distance.  Wellington  laid  down  an  approximate  rule  of  loss  of 
natural  revenue  for  steam  railroads  of  10%  per  mile  of  removal 
from  center  of  population  as  a  minimum,  25%  per  mile  as  an 
ordinary  maximum  and  a  much  larger  percentage  of  loss,  or  even 
total  loss,  under  ceitain  conditions.  Electric  street  railways 
have  profited  more  by  this  kind  of  service,  which  they  offer  the 
public,  than  from  any  other  reason;  in  furnishing  it  they  give 
frequent  and  quick  service,  both  of  which  are  of  the  greatest 
importance  in  their  effect  on  passenger  traffic.  Much  less  than 
a  mile,  however,  will  make  or  ruin  the  passenger  traffic  of  a 
street  railway. 

(b)  Frequency  of  the  service.  As  the  number  of  trips  in- 
creases, so  will  the  passengers,  but  less  rapidly  than  the  head- 
way is  shortened.  A  frequent  service  means  less  "total  time" 
consumed. 

(c)  Character  of  terminals,  stations,  roadbed,  equipment, 
and,  in  fact,  all  physical  characteristics.  That  transportation 
system  which  offers,  at  the  same  rate  and  time,  better  physical 
conditions,  which  give  comfort  or  even  luxury  to  the  passenger, 
will  not  only  secure  competitive  traffic,  but  induce  that  which 
would  not  otherwise  exist. 

4.  Total  Pop i dat ion. — As  the  population  served  increases,  the  pas- 
senger trips  per  capita  per  annum  increase,  and  somewhat  faster  than 
the  inhabitants,  unless  modified  by  density  and  distribution. 

5.  Density. — As  the  density  increases,  it  is  probable  that  the  rides 
per  capita  per  annum  also  increase,  but  whether  more  or  less  rapidly 
is  uncertain.  * 

6.  Distribution. — A  long,  narrow-  town  will  give  more  rides  per  capita 
per  annum  than  a  square  town  having  the  same  population. 

*  In  an  earlier  publication  the  writer  expressed  the  opinion  that  the  increase  was 
less  rapid  than  the  density,  but  wishes  to  leave  this  open  for  further  investigation. 
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EXPLANATION. 


Mr.  Davis. 


Multiplier  for 
Vertical  Scale. 


Curve. 

1.  Total  Miles  of  Track 10 

2.  Annual  Increase  of  Mileage 10 

3.  Total  Capital  Stock,  in  Dollars 500000 

4.  "      Bonded  Debt    "        "        500000 

5.  "      Capitalization"        "        500000 

6.  "  "              per  Mile  of  Track,  in  Dollars          500 
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Mr.  Davis.  7.  Character  of  the  Industries  and  Population. — The  effect  of  various 
industries  and  the  kind  of  population  must  have  a  decided  effect  on 
the  passenger  traffic,  but  probably  according  to  no  fixed  laws,  and  cer- 
tainly according  to  no  known  laws. 

No  "detailed  defence  "  is  offered  for  these  laws  other  than  what 
support  they  may  obtain  from  the  following  discussion. 

Any  management  of  a  steam  railroad,  in  considering  the  question 
of  adopting  electric  traction,  will  naturally  turn  first  to  data  on  operat- 
ing  expenses,  for,  if  its  use  should  lower  the  cost  per  train  or  car-mile 
enough  to  more  than  pay  interest  on  the  investment,  then  it  would 
be  of  advantage,  even  though  there  were  no  other  inducements,  such 
as  increased  traffic.  While  comparisons  might  be  made  between  the 
operating  expenses  of  steam  railroads,  which  are  now  well  known,  and 
such  electrically  operated  roads  as  the  Chicago  Elevated  Railways, 
or  the  third-rail  lines  of  the  New  York,  New  Haven  and  Hartford 
Railroad,  yet  there  are  disadvantages  in  doing  so  which  outweigh 
the  apparent  one  of  more  similar  conditions  than  exist  between  the 
ordinary  street  railway  and  the  steam  railroad.  If  it  should  appear 
that  the  operating  expenses  of  electric  street  railways  per  car-mile 
are  less  than  the  cost  per  car-mile  operated  on  steam  railroads, 
one  can  be  certain  that  electrical  operation,  applied  to  the  latter, 
will  result  in  reduced  expenses.  Whether  or  not  this  reduction 
will  be  enough  to  pay  for  the  change  is  another  question.  For  these 
reasons,  a  comparison  between  the  street  railways  and  steam  rail- 
roads of  the  New  England  States  has  been  taken  as  a  basis  in  this 
discussion. 

To  exhibit  the  relative  merits  of  the  two  systems  of  installations, 
the  following  divisions  are  arranged  in  tabular  form  and  are  treated 
in  order.  The  prefixion  of  the  word  "  electric  "  or  "steam"  indicates 
that  the  item  belongs  exclusively  to  one  or  the  other  system  and  has 
no  counterpart  in  the  other. 

In  comparing  the  steam  and  electric  roads  of  New  England,  we 
are  more  likely  to  arrive  at  correct  conclusions,  as  the  population  is 
more  dense,  the  miles  of  road  greater  per  square  mile,  there  are  many 
more  examples  to  study,  and  the  statistics  are  more  accurate  and 
reliable,  and  cover  longer  periods.  The  word  "  Railroad  "  is  used  to 
designate  a  "steam  railroad,"  while  "Railway"  always  indicates  an 
"electric  street  railway,"  following  Massachusetts  precedent;  the 
difference  being  that  the  former  operates  on  its  own  right-of-way, 
while  the  latter  occupies  the  public  highway.  This  distinction  is 
a  desirable  oue  to  cultivate,  and  should  be  extended  and  used 
irrespective  of  the  mode  of  operation;  thus,  a  road  operating  by 
steam,  electricity  or  any  other  motive  power  on  its  own  right-of- 
way  is  a  "railroad,"  and  one  operating  on  a  public  highway  is  a 
"railway." 
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Mr.  Davis. 


EXPLANATION. 


Curve. 

1.  Total  Miles  of  Track 

2.  Annual  Increase  of  Mileage  _. 

3.  Total  Capital  Stock,  in  Dollars. 

4.  "      Bonded  Debt    " 

5.  "     Capitalization  "        " 
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Mr.  Davis.  TABLE    No.   1. 

1.  FIRST  COST. 

(a)  Right-of-Way  and  Real  Estate. 
(b)  Construction. 

1.  Engineering  and  surveying. 

2.  Clearing. 

3.  Grading,  ditching,  etc. 

4.  Tunnels. 

5.  Masonry,  culverts,  bridges,  trestles. 

6.  Fencing,  cattle-guards,  road-crossings. 

7.  Ballasting. 

8.  Ties. 

9.  Rails. 

10.   Track-laying,  lining  and  surfacing. 
(Electric)   11.  Rail  bonding. 
(Electric)   12.   Overliead-trolley  line,  or  third  rail. 

13.  Signals. 

14.  Telegraph. 

15.  Stations  and  all  buildings  (including  building  for  central 

power  stations  of  electric  roads). 

16.  Terminals. 

(c)    Equipment. 

(Steam.)       1.  Locomotives  and  tenders. 
(Electric)     2.  Motor  cars  or  electric  locomotives. 

3.  Passenger  cars. 

4.  Freight  cars. 

(Electric)     5.  Electric  feeder  lines  and  ground-return  circuit. 
(Electric)     6.  Central  power  stations  (not  including  buildings  which 
are  considered  under  "Construction  "). 

(d)   Genekal. 

1.  Discount  on  bonds. 

2.  Interest  on  bonds,  to  opening  of  road. 

3.  Taxes,  to  opening  of  road. 

4.  Office  expenses,  salaries,  etc.,  to  opening  of  road. 

5.  Contingent  and  miscellaneous,  not  itemized,  to  opening 

of  road. 

2.  TOTAL  EXPENSES. 
(a)  Maintenance  and  Renewal,  of  Way  and  Works. 

1.  Repairs  of  earthwork  to  subgrade. 

2.  Repairs  of  track. 

3.  Repairs  of  fences,  cattleguards,  crossings,  etc. 
(Electric)     4.  Repairs  of  ground-return  circuit. 
(Electric)     5.  Repairs  of  overhead-trolley  line,  or  third  rail. 
(Electric)     6.  Repairs  of  electric  feeder  lines. 

7.  Renewals  of  rails. 

8.  Renewals  of  ties. 

9.  Renewals  of  ballast. 

(Electric)   10.  Renewals  of  poles,  or  insulation  of  third  rail. 
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(Electric)   11.   Renewals  of  trolley,  or  third  rail.  Mr.  Davis. 

(Electric)   12.   Renewals  of  feeders. 

13.  Repairs  of  masonry,  bridges,  trestles. 

14.  Repairs  of  buildings. 

15.  Repairs  of  signals. 

(b)  Train  Expenses. 

(Steam)        1.  Fuel  for  locomotives. 
(Electric)     2.  Fuel  for  power  stations. 

3.  "Water  supply. 

4.  Oil  and  waste. 

(Steam)        5.  Repairs  and  maintenance  of  locomotives  and  tenders. 

(Electric)     6.  Repairs   and   maintenance   of    motor    cars    or   electric 
locomotives. 

7.  Repairs  and  maintenance  of  passenger  cars. 

8.  Repairs  and  maintenance  of  freight  cars. 

9.  Use  of  foreign  passenger  and  freight  cars. 
(Steam)      10.  Locomotive  services  (wages). 

(Electric)  11.  Motor  car  or  electric  locomotive  services  (wages). 

12.  Passenger-train  services  (wages). 

13.  Freight-train  services  (wages). 
(Electric)  14.  Repairs  and  maintenance  of  power  stations. 
(Electric)   15.  Power-station  services  (wages). 

(c)  Station,  Terminal,  Taxes  and  General  Expenses. 

1.  Agents  and  station  services  (wages). 

2.  Station  supplies. 

3.  Telegraph. 

4.  Taxes. 

5.  General  officers  and  clerks. 

6.  Legal. 

7.  Insurance. 

8.  Stationery  and  printing. 

9.  Agencies  and  advertising. 

10.  Contingent  and  miscellaneous,  not  included  above. 

(d)  Accidents,  Loss  and  Damages. 

1.  To  freight. 

2.  To  passengers. 

3.  To  property  owned. 

4.  To  property  not  owned. 

(e)  Interest  Account. 
(/)  Fixed  Charges. 

1.  Interest  on  bonds. 

2.  Rentals. 

(g)    Dividends. 

3.  GROSS  RECEIPTS. 

1.  Passenger  receipts. 

2.  Freight  receipts. 

3.  Miscellaneous  receipts. 
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Mr.  Davis.  1-    FlBST  COST. 

We  shall  consider  a  new  line  under  steam-railroad  conditions,  first, 
and  then  a  change  of  system  on  an  existing  railroad. 

The  first  cost  of  (a)  "  Right-of-Way  and  Real  Estate"  cannot  be 
affected  by  any  particular  motive  power  unless  the  use  of  electric 
traction  permits  the  use  of  sharper  curves  and  heavier  grades,  thus 
avoiding  large  cuts  or  fills.  While  a  coupled  locomotive  undoubtedly 
increases  "curve  resistance,"  this  is  not  sufficient  to  be  of  any  great 
moment.  If  electric  motors  are  applied  to  every  car  axle,  then  trains 
of  the  same  weight,  moved  by  electricity,  can  surmount  heavier 
grades  than  with  locomotives,  or  can  pass  over  the  same  grades  at 
higher  speeds.  Hill  climbing  is  a  matter  of  traction  between  driven 
wheels  and  rails,  and  the  sustained  horse-power  of  the  motor  or 
locomotive.  With  the  power  applied  to  every  axle,  there  is  no  part 
of  the  load  which  remains  unutilized  for  traction,  but  this  cannot  be 
done  by  the  application  of  steam,  and  has,  as  yet,  been  only  partially 
successful  with  electric  motors.  With  the  latter,  their  maximum 
power  can  be  called  upon  for  an  indefinite  time,  because  they  do  not 
give  out  at  the  top  of  a  long,  heavy  grade.  This  advantage  of  electric 
traction  is,  however,  only  ajoparent;  first,  because  long  trains  are  not 
yet  satisfactorily  controlled  where  motors  are  put  on  every  axle,  and 
short  trains  of  two  to  five  cars  have  only  half  the  axles  supplied  with 
power  in  present  practice;  and  second,  electricity  being  confined  to 
suburban  and  interurban  short  hauls  between  large  centers  of  popu- 
lation, the  additional  cost  of  avoiding  heavy  grades  is  comparatively 
small,  and,  furthermore,  if  they  are  not  avoided  the  loss  in  time 
would  result  in  a  correspondingly  larger  loss  of  revenue. 

Under  [b)  "  Construction  "  we  find  that  items  11  and  12  apply  to 
electric  traction  only,  while  there  are  no  items  applying  to  steam- 
locomotive  traction  only.  These  items  might  have  been  placed  under 
the  heading  "  equipment,"  as  part  of  the  things  necessary  in  electric 
traction  to  replace  steam  locomotives,  and  which  could  be  added  to 
motor  cars  or  electric  locomotives  as  equipment  for  an  electric  road. 
This  phase  of  the  question  will  be  discussed  under  the  heading 
"equipment."  The  engineering  of  an  electric  line  might  cost  more 
than  that  of  a  steam  road,  but  not  necessarily ;  if  the  chief  engineer 
was  a  competent  railroad  man  with  a  thorough  knowledge  of  electrical 
engineering,  the  cost  would  be  the  same;  otherwise  it  would  be 
increased  by  that  amount  paid  an  assistant  engineer  with  special 
electrical  knowledge,  unless  the  line  was  costly  enough  to  warrant 
several  assistant  engineers,  one  of  whom  could  be  versed  in  electrical 
matt  cis. 

The  cost  of  surveying  work,  consisting  of  reconnaissance,  explora- 
tion line  ("shoo-fly  "),  preliminary,  location,  and  their  modifications 
or  extensions,  depending  upon  the  importance  of  the  line,  its  cost, 
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EXPLANATION 


Mr.  Davis. 


Multiplier  for 
Curve.  Vertical  Scale. 

1.  Gross  Traffic  Earnings,  in  Dollars. 100000 
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character  of  city  and  country,  etc..  would  be  the  same  in  either  of  the 
cases  under  discussion  for  any  specific  example.  The  cost  of  clearing, 
grading,  ditching,  tunnels,  masonry,  culverts,  fencing,  cattle-guards, 
and  those  parts  of  the  system  pertaining  to  these  general  items,  is  not 
affected  by  the  choice  of  system.  It  might  be  thought,  at  first,  that 
the  cost  of  masonry  would  be  affected,  if  lighter  bridges  and  trestles 
could  be  used  with  electric  traction,  but  the  weight  and  size  of 
masonry  abutments,  piers,  footings,  etc.,  would  hardly  be  affected  by 
anv  slight  changes  in  the  moving  load,  for  they  are  much  more 
dependent  upon  the  weight  of  the  earth  embankment  which  they 
support,  and  the  character  of  the  ground  upon  which  they  are  built, 
together  with  their  height  and  length.  If  they  perform  all  their  other 
functions,  according  to  the  best  engineering  practice,  they  will  usually 
be  found  far  more  substantial  than,  theoretically,  they  need  to  be,  in 
order  to  uphold  the  weight  of  the  superstructure.  Eoad  crossings 
will  be  the  same;  (the  additional  cost  of  connecting  a  "broken" 
third-rail  system  being  included  under  item  12.) 

In  the  design  of  bridges  and  trestles,  the  principal  elements  which 
determine  their  cost  are  the  span,  dead  weight,  live  uniform-load, 
concentrated  live-load  at  head  of  trains  (locomotive  and  tender),  the 
speed  of  trains,  and  the  "hammer-blow"  of  the  reciprocating  parts 
of  a  steam  locomotive,  especially  when  it  coincides  with  the  period  of 
oscillation  of  a  bridge  (very  objectionable  on  bridges  which  are  too 
light).  Electric  motors,  either  geared  to  the  axles  or  gearless  (con- 
centric with  the  axlei,  have  a  rotative  motion,  and  therefore  do  not 
produce  the  "  hammer-blow."  Owing  to  the  peculiar  construction  of 
the  electric  locomotive  or  motor  car,  a  greater  proportion  of  the  total 
weight  is  on  the  driving  wheels  than  is  the  case  with  steam  loco- 
motives; therefore,  with  the  same  tractive  effect  (weight  on  drivers), 
the  use  of  electric  locomotives  or  motor  cars  reduces  the  moving 
weight  at  the  head  of  the  train,  and  the  weight  of  the  tender  is  saved 
by  the  use  of  electricity.  These  three  facts,  theoretically,  would 
enable  bridges  and  trestles  to  be  built  lighter  for  roads  using  electric 
motors,  providing  the  loads  were  not  concentrated  upon  a  smaller 
wheel  base,  were  it  not  for  the  fact  that  the  necessity  of  providing  for 
constantly  increasing  weights  practically  offsets  the  theoretical  saving 
which  might  be  made.  If  motors  were  used  on  every  car  of  the  train, 
such  structures  might  be  designed  so  as  to  be  lighter  and  less  costly, 
but,  for  reasons  stated,  this  is  unlikely.  In  addition,  if  freight 
service  should  continue  to  be  handled  by  locomotives,  on  the  same 
tracks,  or  adjoining  ones,  lighter  bridges  would  not  be  possible. 

The  cost  of  ballasting,  ties,  rails  and  track-laying,  lining  and 
surfacing  will  be  the  same  in  either  case  (drilling  rails  for  bonding  is 
covered  by  item  11),  although  a  small  saving  in  maintenance  of  these 
items    is    possible    for    electric     traction    (discussed    under    "total 
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EXPLAXATK  >.V 


Multiplier  for 
Vertical  Scale. 
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expense  "),  which  indicates  that  the  first  cost  could  be  reduced  for  the 
same  cost  of  operating;  yet,  as  this  would  be  poor  economy,  the 
quality,  weight  and  general  character  should  be  the  same  in  either 
case.  By  the  use  of  electricity  it  might,  at  first,  appear  that  the  signal 
and  telegraph  system  would  be  reduced  in  first  cost,  but  the  only 
possible  saving  would  be  in  the  source  of  the  current  used,  which 
forms  so  small  a  percentage  of  the  whole  that  for  our  purposes  any 
difference  can  be  neglected. 

Stations  would  cost  the  same  under  similar  conditions,  whether 
steam  or  electricity  were  used,  although  the  electric  road  requires 
buildings  for  its  centralized  motive-power  plant  (that  is,  all  but  the 
transmission  line  and  motors)  which  are  not  a  burden  on  the  steam 
road,  yet  these  are  no  doubt  balanced  by  round  houses,  coal  stations, 
water  stations  and  the  larger  machine  shops  required  for  steam  locomo- 
tive repairs.     Terminals  will  cost  the  same,  whichever  system  is  used. 

So  far,  we  have  found  that  the  first  cost  of  construction  is  substan- 
tially the  same,  whether  steam  locomotives  or  electric  motors  are  used, 
but,  if  the  latter  are  adopted,  some  additional  work  is  necessary, 
namely  (11),  rail  bonding  and  (12),  overhead-trolley  line,  or  third  rail. 
It  will  at  once  be  seen  that  these  items  add  considerably  to  the  cost  of 
construction  of  an  electric  road,  as  compared  with  that  of  a  road 
operated  by  steam  locomotives. 

As  an  example,  which  will  show,  in  a  general  way,  the  increased 
cost  of  electric-traction  construction,  let  us  assume,  without  any 
pretension  to  exactness,  for  each  individual  case  will  differ  in  the 
amount  of  increased  cost,  that  the  line  is  single  track,  one  mile  long; 
average  speed  of  trains  (including  stops)  20  miles  per  hour;  headway, 
one  minute;  length,  six  cars  (one  being  a  motor  car);  total  weight  of 
train,  200  tons  when  loaded  to  ultimate  capacity;  rails,  90  lbs.  per 
yard;  average  nominal  horse-power.  300  per  train  (will  exert  450  H.- 
P.,  or  even-  more,  if  required,  for  short  periods);  total  maximum 
average  nominal  horse-power  per  mile  of  track  (one  way)  at  above 
headway,  900;  average  loss  in  transmission,  20.%";  assumed  average 
nominal  horse-power  at  station,  1  125  (allowing  for  loss  and  including 
surplus  power),  located  at  one  end  of  the  line.  "With  these  assump- 
tions, we  have  the  following  approximate  additional  cost  for  construc- 
tion, if  electricity  is  used.  The  electric  return  circuit  would  consist 
of  the  two  lines  of  rail  properly  bonded  with  copper  wires,  two  4  0  B. 
&  S.  G.  wires  to  each  rail  joint,  which  would  cost  (copper,  15  cents 
per  pound),  complete  in  place,  including  terminals  and  drilling  rails, 
70  cents  each  bond,  or  a  total  of  $497.  To  this  must  be  added  the 
cross-bonding  of  the  lines  of  rails,  which  varies  much  in  practice.  For 
our  case,  we  assume  that  this  is  unnecessary,  if  the  bonds  at  the  joints 
are  properly  made  and  maintained  with  the  care  displayed  ou  other 
parts    of  the  system.     The   overhead-trolley  line  would  be  of  iron 
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EXPLANATION. 


Mr.  Davis. 


Curve. 
1. 
2. 


Multiplier  for 
Vertical  Scale. 
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"  Train-Mile.  (Same  as  Curve  8,  Fig.  i). 

"  ••    Mile  of  Track.  (Same  as  Curve  4,  Fig.  1). . 

Number  of  Passengers  Carried  per  Mile  of  Track 2  000 

Passenger  Rides  per  Capita  per  Annum 1 

Receipts  per  Capita  per  Annum,  in  Dollars ^io 
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Mr.  Davis,  poles,  center-construction  (assuming  that  there  would  be  a  double 
track);  trolley  wire  423  200  circular  mils;  poles  set  every  100  ft.,  each 
weighing  1  300  lbs.  (30  ft.  by  8  ins.  and  7  ins.  and  6  ins.)  set  in  concrete, 
would  cost  for  one  mile,  approximately,  $3  237  (one-half  of  poles  with 
brackets  and  feeder  supports,  etc.,  set  at  $50  each;  trolley  6  748  lbs., 
at  15  cents;  special  line  material,  $500;  labor,  $400). 

To  recapitulate:  One  mile  of  track  equipped  electrically  will  cost: 

(11)  Rail  bonding.     In  this  case  the  cost   of  ground- 

return  circuit  is  not  an  extra  cost  against  the 
electric  road,  for  the  rails  are  used,  they  having 
sufficient  capacity  to  carry  the  current.  (See 
Equipment) $497 

(12)  Overhead-trolley  line 3  237 

Total    extra    per    mile   for    electric    trolley 

railroad $3  734 

If  a  third-rail  system  were  used,  which  is  probable  where  the  road 
is  on  its  own  right-of-way  and  where  high  speeds  and  frequent  service 
are  necessary,  together  with  longer  and  heavier  trains  than  the  single 
cars  of  a  railway  system,  then  the  increased  cost  would  be  approxi- 
mately : 

(11)  Rail  bonding,  as  before  $497 

(12)  70.7  tons  90-lb.  third-rail,  special  section,  at  $30. .        2  121 

528  treated  wooden  supports  at  $1 528 

176  joints  to  bond,  at  $3 528 

Laying,  at  5  cents  per  foot 264 

Total  extra  per  mile  for    third-rail  electric 

railroad $3  938 

The  apparent  difference  in  favor  of  the  overhead  trolley  must  not 
be  assumed  to  exist  generally;  accidentally,  it  happens  to  be  less  in 
the  first  case  than  in  the  second,  while  usually,  on  long  lines  with 
dense  traffic,  the  reverse  would  be  true. 

There  being  no  items  applicable  exclusively  to  steam  railroads,  to 
balance  (11)  and  (12),  it  is  seen  that  the  first  cost  of  construction  of  an 
electric  road  will  be  greater,  and  that  this  increase  will  amount  to 
several  thousand  dollars  per  mile  of  track,  depending  upon  the 
conditions  existing  in  each  case. 

Under  (c)  "Equipment,"  if  the  road  is  to  be  equipped  to  operate 
freight  trains  by  electric  power,  there  are  two  possible  ways  of  doing 
so;  first,  by  using  the  present  style  of  freight  cars  and  hauling  them 
by  electric  locomotives;  or,  second,  by  equipping  each  car  with  motors, 
and  thus  making  each  an  independent  unit.  The  latter  would  only  be 
feasible  could  the  units  be  coupled  together  and  controlled  at  the 
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EXPLANATION. 

Multiplier  for 
Vertical  Scale. 

Passenger  Train-Miles l  000  000 

Total  Passengers  Carried 1  000  000 

Passengers  Carried  one  Mile 10  000  000 

Gross  Passenger  Earnings,  in  Dollars 1  000  000 

Receipts  per  Passenger  per  Mile  Carried,  in  Cents yl0 

"  "  "         Carried,  in  Cents 1 

"  "  "  Train-Mile,  in  Cents l 

"  "    Mile  of  Track,  in  Dollars 100 

Number  of  Passengers  Carried  per  Mile  of  Track 100 

Miles  Traveled  per  Passenger . X 

Passenger  Rides  per  Capita  per  Annum 1 

Receipts  per  Capita  per  Annum,  in  Dollars ]/io 
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Mr:  Davis.  EXPLANATION  OF  FIG.  8. 

Curves  Deduced  from  Fig.  2.  Multiplier  for 

Curve.  Vertical  Scale. 

1.  Total  Miles  of  Track 100 

2.  Annual  Increase  of  Mileage 100 

3.  Total  Capital  Stock,  in  Dollars 500  000 

4.  "      Bonded  Debt,"         "      500  000 

5.  "      Capitalization,  '■         "      1  000  000 

6.  "  "  per  Mile  of  Track  Owned,  in  dollars 500 

Curves  Deduced  from  Fig.  4. 

1.  Gross  Traffic  Earnings,  in  Dollars 1  000  000 

2.  Total  Interest  on  Bonded  Debt,  in  Dollars 100  000 

3.  '•      Dividends  on  Capital  Stock,  in  Dollars 100  000 

4.  Gross  Traffic  Earnings  per  Mile  of  Railroad,  in  Dollars 100 

5.  Percentage  of  Expenses  to  Gross  Earnings 1 

6.  "  "  Interest  Paid  on  Bonded  Debt TV 

7.  "  "  Dividends  Paid  on  Capital  Stock T>5 

8.  Gross  Earnings  per  Revenue  Train-Mile  (Car-Mile)  in  Cents 1 

9.  "      Expenses    "  "  "        "         "        "       "       "     1 

Curves  Deduced  from  Fig.  6. 

1.  Passenger  Train-Miles  (Car-Miles) 1  000  000 

2.  Total  Passengers  Carried 10  000  000 

4.  Gross  Passenger  Earnings  (Same  as  Curve  1,  Fig.  4) 

6.  Receipts  per  Passenger  Carried,  in  Cents ■& 

7.  "  "  "  Train-Mile  (Same  as  Curve  8.  Fig.  4) 

8.  "  "     Mile  of  Railroad  (Same  as  Curve  4,  Fig.  4) 

9.  Number  of  Passengers  Carried  per  Mile  of  Railroad 10  000 

11.  Passenger  Rides  per  Capita  per  Annum 1 

12.  Receipts  per  Capita  per  Annum,  in  Dollars T\, 

head  of  the  train;  but  imagine  interchanging  and  making  up  a  train 
of  50  to  100  cars  arranged  in  this  way  by  any  present  known  mode  of 
electric  equipment,  control  and  propulsion;  in  fact,  no  arguments 
seem  necessary  to  show  the  utter  folly  of  attempting  it.  The  only 
feasible  method  is  evidently  by  electric  locomotives  at  the  head  of 
such  trains.  The  best  practical  example  of  this  mode  of  operation  is 
given  in  the  Baltimore  Tunnel  by  the  Baltimore  and  Ohio  Railroad, 
where  100-ton  electric  locomotives  haul  freight  and  passenger  trains, 
together  with  their  steam  locomotives.  They  do  the  work  satis- 
factorily, but  the  writer  has  seen  no  claims  advanced  to  show  that 
they  are  economical;  in  fact,  the  only  defence  for  their  use  is  one  of 
cleanliness  and  ventilation  in  the  tunnel,  which  is  more  satisfactory  to 
passenger  traffic,  and,  undoubtedly,  attracts  and  stimulates  it.  The 
installation  cost,  if  the  writer's  memory  serves,  over  $2  000  000  for  a  few 
miles  of  track;  so  that  the  interest  on  this  sum  is  much  more  than 
enough  to  offset  any  saving  in  operation,  if  even  the  latter  can  be  shown, 
which  is  extremely  doubtful.  Such  an  investment  could  not  be  justified 
on  any  grounds  if  only  freight  were  handled,  although  it  may  be  by  an 
increase  in  the  passenger  traffic.  Freight  trains  are  slow-moving,  heavy 
units,  requiring  large  powers  constantly  applied,  and  are  run  at  com- 
paratively infrequent  intervals.      The  effort  of  all  steam  railroad  man- 
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Mr.  Davis. 


Curves  deduced  from  Fig.  2 
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Curves  deduced  from  Fig. 
Fig.  8. 


Curves  deduced  from  Fig.  6 
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Mr.  Davis.  EXPLANATION  OF  FIG.  9. 

Curves  Deduced  from  Fig.  3.  Multiplier  for 

Curve.  Vertical  Scale. 

1.  Total  Miles  of  Track 100 

2.  Annual  Increase  of  Mileage 10 

3.  Total  Capital  Stock,  in  Dollars 10  000  000 

4.  "      Bonded  Debt,   "        "       1 000  000 

5.  "      Capitalization,"        "      '10  000  000 

6.  "  •'  per  mile  of  Railroad,  in  Dollars 1000 

Curves  Deduced  from  Fig.  5. 

1.  Gross  Traffic  Earnings,  in  Dollars 1  000  000 

2.  Total  Interest  on  Bonded  Debt,  in  Dollars 100  000 

3.  "      Dividends  on  Capital  Stock,  in  Dollars 100  000 

4.  Gross  Traffic  Earnings  per  Mile  of  Railroad,  in  Dollars 100 

5.  Percentage  of  Expenses  to  Gross  Earnings 1 

6.  "  "   Interest  Paid  on  Bonded  Debt a'o 

7.  "  "  Dividends    "      "  Capital  Stock ^j 

8.  Gross  Earnings  per  Revenue  Train-Mile,  in  Cents 1 

9.  "      Expenses    "  "  "  "  "      1 

10.  Percentage  of  Passenger  Earnings  to  Gross  Earnings i 

11.  "  "  Freight  "  "  "  "  * 

12.  "  "  Interest  and  Dividends  Paid  on  Capital  Stock  and 

Bonded  Debt & 

Curves  Deduced  from  Fig.  7. 

1.  Passenger  Train-Miles 1  000  000 

2.  Total  Passengers  Carried 10  000  000 

3.  Passengers  Carried  One  Mile 100  000.000 

4.  Gross  Passenger  Earnings,  in  Dollars 1  000  000 

5.  Receipts  per  Passenger  per  Mile  Carried,  in  Cents tV 

6.  "  "  "  Carried,  in  Cents 1 

7.  ■'  "  "  Train-Mile,  in  Cents 1 

8.  ■'  "    Mile  of  Railroad,  in  Dollars 100 

9.  Number  of  Passengers  Carried  per  Mile  of  Railroad 1  000 

10.  Miles  Traveled  per  Passenger I 

11.  Passenger  Rides  per  Capita  per  Annum 1 

12.  Receipts  per  Capita,  per  Annum,  in  Dollars 1 

agers  is  to  increase  train-loads,  so  as  to  decrease  expenses  per  train-mile. 
If  we  apply  the  following  argument  and  figures,  changing  the  example 
to  moving  heavy  freight  trains,  it  will  be  seen  at  once  that  such  traffic 
cannot  now  be  handled  by  electric  locomotives,  involving  heavy  line 
work  and  large  central  stations  (idle  most  of  the  24  hours},  for  the  main 
reason  that  interest  on  first  cost  will  more  than  offset  the  largest 
possible  saving  in  expenses.  This  saving  would  not  exist,  but,  if  it 
should,  more  than  50,%  would  be  needed. 

Passenger  cars  would  cost  the  same  in  either  case,  as  the  cost  of 
installing  electric  lighting  and  heating  systems  in  the  cars  would  bal- 
ance the  present  gas  lighting  and  steam  heating  systems  of  railroad 
passenger  cars. 

Should  motor  cars  be  used,  carrying  passengers,  there  would  be  a 
saving  equal  to  the  cost  of  one  passenger  car  per  train  in  favor  of  the 
electric  road.  If  an  electric  locomotive  were  used,  there  would  be  no 
such  saving.     If  every  car  were  a  motor  car,  then  the  cost  of  a  steam 
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Mr.  Davis. 
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Curves  deduced  from  Fiy.  3 
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Curves  deduced  from  Fig,  7 
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Mr.  Davis,  locomotive  per  train  would  be  saved  in  the  case  of  electric  traction; 
this,  ho-wever,  would  add  to  the  cost  of  each  car.  This  method  is  not 
satisfactorily  solved  to-day,  although  short  trains  are  operated  with 
more  or  less  success. 

Steam  locomotives  and  tenders  are  to  steam  roads  what  motor  cars 
(or  electric  locomotives),  electric -feeder  lines  and  ground-return  cir- 
cuits, and  central  power  stations  (without  buildings)  are  to  electric 
railways.  To  show  the  relative  costs,  let  us  again  consider  the  former 
example.  The  feeder  line  would  be  about  two  4/0  B.  &  S.  G.  wires  of 
bare  copper,  as  the  company  owns  the  right-of-way,  and  crossings  of 
public  highways  at  grade  are  unlikely  on  roads  of  the  character  we  are 
discussing;  these  would  cost,  in  place,  $1  117  ($1  012  for  copper  and 
$105  for  stringing).  It  will  be  noticed  that  the  trolley  wire  suggested 
is  much  larger  than  that  used  in  general  practice,  and,  as  it  has  large 
carrying  capacity,  part  of  its  cost  might  have  been  included  in  the 
cost  of  feeders.  If  the  third  rail  were  used  in  place  of  an  overhead 
trolley,  as  explained  before,  this  feeder  system  would  be  unnecessary, 
as  the  90-lb.  third  rail  when  properly  bonded  has  enough  section  to 
carry  the  current. 

In  our  example  the  area  of  copper  in  the  overhead  system  is 
846400  circular  mils,  equivalent  to  920  mils  diameter,  which  gives  a 
total  cross-section  of  0.657  sq.  in.  A  90-lb.  rail  has  a  sectional 
area  of  9  sq.  ins.  Taking  the  relative  conductivity  of  steel  and 
copper  as  1  to  6,  we  find  that  each  rail  is  equivalent  to  1.5  sq.  ins. 
of  copper,  and  both  rails  to  3  sq.  ins. ;  therefore,  until  the  overhead 
system  had  a  cross-section  of  more  than  3  sq.  ins.,  there  would  be 
no  necessity  for  any  copper  ground-return  circuit,  so  long  as  the  bond- 
ing section  at  the  joints  was  the  same  as  that  of  the  overhead  work. 
In  case  the  area  of  both  rails  divided  by  6,  is  less  than  the  area  of  over- 
head copper,  the  copper  ground-return  wire  should  be  of  a  section 
equivalent  to  the  excess  in  section  of  overhead  copper.  This  ground 
return  can  be  run  on  the  pole  line  and  connected  down  to  the  rails  at 
intervals,  or  along  the  track,  as  may  seem  best  in  any  given  case. 

The  central  power  station  of  1  125  nominal  H.-P.  could  be  erected 
complete  (without  buildings  included  under  "  construction  ")  for  $50 
per  H.-P.,  which  would  provide  a  plant  of  the  most  modern  kind, 
giving  the  greatest  economy  (in  the  largest  sense).  In  genei-al,  it 
would  consist  of  a  steel  stack  lined  with  fire-brick,  water-tube  boilers, 
pumps,  piping,  condensers,  heaters,  blowers,  direct-connected  Corliss 
engines,  direct-connected  generators,  slate  switchboards,  best  indicat- 
ing and  recording  instruments,  etc.,  with  all  the  best  labor-saving 
and  automatic  devices  which  help  to  make  a  thoroughly  successful 
plant.  The  total  cost  of  the  power  plant  would  be  $56  250.  We  will 
not  discuss  the  use  of  an  electric  locomotive,  but  assume  the  use  of 
motor  cars  drawing  trailers,  as  it  would  only  make  a  small  difference 
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in  the  total  amount  given  in  the  example,  which  figures,  in  any  case,  Mr.  Davis, 
are  only  indicative.     The  same  can  be  said  of  equipping  each  car  as  a 
motor  car. 

In  the  estimate  of  200  tons  as  the  weight  of  a  6-car  train,  one  being 
a  motor  car,  the  car  bodies  assumed  are  45  ft.  over  sills  and  51  ft.  over 
all,  with  two  trucks  having  four  wheels  each,  the  wheels  being  33  ins. 
in  diameter;  car  body  weighing  22  000  lbs. ;  trucks,  13  000  lbs. ;  total, 
35  000  lbs. ;  average  maximum  passengers,  150  at  150  lbs.  each,  22  500 
lbs. ;  making  the  total  weight  of  the  passenger  car  loaded  57  500  lbs. 
The  motor  car  is  assumed  to  have  four  motors,  one  on  each  axle,  or 
geared  to  it,  its  total  weight  loaded  being  112  500  lbs.  (56.25  tons 
loaded,  45  tons  empty,  all  on  drivers).  The  trucks  of  this  motor  car 
would  be  heavier  than  those  of  the  trail  cars,  and  with  larger  wheels. 
With  two  four-wheel  pivotal  trucks,  the  weight  on  each  driving  wheel 
would  be  14  082  lbs.  loaded,  or  11  250  lbs.  empty.  The  trail  cars  can 
be  assumed  to  cost,  complete,  for  steam  or  electricity,  about  $3  500; 
the  motor  car  complete,  about  $7  000.  A  steam  locomotive  and  tender 
of  the  same  power  and  tractive  force  would  cost  about  $9  000  (engine, 
$7  700;  tender,  $1  300).  It  will  be  noticed  that  the  heating  of  cars  has 
had  no  consideration  herein.  While  this  would  add  to  the  first  cost 
of  an  electric  system,  in  increasing  the  required  capacity  of  transmis- 
sion line  and  power  house,  and  would  undoubtedly  add  to  the  cost  of 
operating  as  compared  with  steam-locomotive  practice,  yet  available 
data  are  so  unreliable  that  a  discussion  of  them  is  postponed.  To 
recapitulate:  On  the  basis  of  our  example,  we  see  that  items  2,  5  and 
6  of  the  electric  system  of  equipment  leave  only  item  1  on  the  steam 
side  of  the  ledger  to  balance  them,  and  this  it  comes  nowhere  near 
doing.  The  New  York  Central  Bailroad,  in  1885,  with  2  716  miles  of 
single  track,  had  $2  337  (5.7%)  per  mile  invested  in  locomotives  for 
passenger  and  freight  service,  and  must  have  considerably  more  to- 
day. If  we  deduct  investment  for  freight  locomotives  and  compare 
with  the  following,  it  gives  some  idea  of  the  difference  in  first  cost  of 
equipment  against  the  electric  system  with  only  passenger  service  con- 
sidered : 

Feeder  line $1  H7 

Ground  return  (in  this  case  no  additional  cost) 

Central  power  station 56  250 

$57  367 
Deduct  difference  between  3  motor  cars  and  3  locomo- 
tives and  tenders   ■  -  •   •        6  000 

Total  extra  per  mile  for  electric  trolley  road $51  367 

To  estimate  a  10-mile  road  at  ten  times  the  above  would  be  unfair, 
for,  unless  the  train  density  remained  the  same  on  every  mile,  and  a 
power  station  were  built  for  every  mile,  it  could  not  be  in  direct  pro- 
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Mr.  Davis,  portion.  In  general,  the  feeder  system  increases  in  cost  with  the 
distance,  while  the  power  station  increases  in  cost  with  the  weights 
moved  and  their  speed.  There  would,  undoubtedly,  be  found  condi- 
tions of  very  light  trains  at  very  frequent  intervals  over  short  distances 
where  the  larger  cost  of  locomotives  and  tenders  would  balance  the 
items  which  usually  make  electricity  the  more  costly;  these  conditions 
must  more  nearly  approach  those  which  now  exist  in  street  railway 
service.  It  is  evident  that  with  units  weighing  10  to  15  tons,  run  at 
intervals  of  20  seconds  to  5  minutes,  any  steamdocomotive  system 
would  prove  undesirable,  both  by  its  greater  first  cost  and  operating 
expenses. 

"  Electric  feeder  lines  and  ground-return  circuit  "  is  placed  under 
the  heading  "  equipment  "  rather  than  under  "construction"  for  the 
purposes  of  this  discussion;  in  a  system  operated  by  electricity  the 
opposite  course  would  be  pursued,  and  has  been  followed  in  consider- 
ing "total  expenses. "  "  Central  power  stations"  (all  but  buildings) 
would  naturally  be  in  the  motive  power  department,  and  are  so  con- 
sidered herein. 

"  General  "  items  of  "first  cost  "  would  be  unaffected  by  the  char- 
acter of  the  system.  A  few  years  ago,  when  the  word  "electricity," 
as  applied  to  street  railways,  was  more  attractive  in  banking  and 
investing  circles,  higher  prices  for  bonds  might  have  been  obtained 
by  the  use  of  that  system,  but  elements  of  this  kind  are  not  within  the 
scope  of  this  discussion.  Taxes  are  based  on  value,  not  on  cost,  and 
are  therefore  unaffected  by  any  particular  system. 

Should  an  existing  railroad  change  its  motive  power  on  all  or  a  part 
of  its  system,  the  following  items  would  represent  the  investment 
which  would  be  made,  the  interest  upon  which  must  either  be  saved 
or  earned  to  warrant  it : 

(b)    CONSTRUCTION. 

1.  Engineering. 

(Electric)   11.  Eail  bonding. 

(Electric)  12.  Overhead-trolley  line  or  third  rail. 

15.  Buildings  for  central  power  stations. 

(c)  Equipment. 
(Electric)     2.  Motor  cars  or  electric  locomotives. 

3.  Passenger  cars  (trail  cars,  or  if  motors  are  applied  to 
every  car). 
(Electric)     5.  Electric  feeder  lines  and  ground-return  circuit. 
(Electric)     6.   Central  power  stations  (not  including  buildings  which 
are  considered  under  "  construction  "). 

(d)  General. 

1.  Discount  on  bonds. 

2.  Interest  on  bonds  to  opening  of  road. 

3.  Taxes  to  opening  of  road. 

5.  Contingent  and  miscellaneous,  not  itemized,  to  opening 
of  road. 


Papers.]  DISCUSSION  OX  ELECTRICITY  VS.  STEAM  FOR  RAILROADS.  875 

TABLE  No.    2.  — Cost   of   New   York    Central    and    Hudson    River  Mr.  Davis. 

Railroad,  1885. 

(2  716.05  miles  of  single  track.) 


Item. 

Cost  per  mile  of  single  track. 

Percentage. 

$7  749 

1  066 
11  439 

5  453 
5  576 

2  337 
574 

5  576 

1  107 

123 

18.9 

2.6 

27.9 

13.3 

13.6 

5.7 

1.4 

13.6 

2.7 

0.3 

Total 

$41  000    (approx.) 

100.0 

11.  Stock 

$32  900 
20  700 

12.  Bonds 

$53  600 

All  other  items  would  be  unaffected  on  an  existing  system.  Taking 
them  up  in  detail: 

Engineering  expenses  would  not  be  as  great  as  in  the  case  of  a  new 
line.  Items  11  and  12  under  (b)  "  Construction,"  are  applicable  to 
this  case,  as  already  discussed  for  new  lines.  Buildings  for  power 
stations  would  be  an  additional  cost,  unless  steam  locomotives  were 
entirely  discarded,  and  old  round  houses  utilized;  this,  however,  is 
hardly  likely.  Under  practically  all  circumstances  steam  locomotives 
and  tenders  would  be  utilized  on  other  parts  of  the  system  or  for 
freight  service,  and  therefore  no  allowance  need  be  made  for  abandon- 
ing them.  Items  2  and  3  under  (c)  "  Equipment  "  should  be  new,  and 
old  equipment  used  elsewhere.  Any  attempt  to  use  existing  trucks  or 
car  bodies,  either  for  motor  cars  or  trailers,  would  be  as  bad  a  mistake 
as  was  made  in  the  early  days  of  the  change  from  horse  to  electric 
traction  on  street  railways.  Items  5  and  6,  under  the  same  heading, 
are  also  applicable  to  this  case,  as  already  discussed  for  new  lines. 
Items  1,  2,  3  and  5,  under  (d)  "General  "  would  have  to  be  charged 
against  the  change,  in  proportion  to  the  cost  of  the  same.  For  all 
practical  purposes,  the  total  cost  of  a  change  of  system  is  seen  to  be 
about  equal  to  the  difference  in  cost  of  two  new  lines,  as  follows: 

(b)  Construction $3  734  per  mile  of  track. 

(c)  Equipment 51  367 

\d)  General  (15%) 8  265 

Total $63  366 
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Mr.  Davis.  TABLE  No.  3. — Electeic  Suburban  aot> 


Name  of  Railway. 

o 
d 

V, 

CO 

a 
i— i 

Total  passengers  carried  per 
annum;  year  ending  June 
30th,  1898. 

o 
eS  . 
u 

c 
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o| 

bed 
a£ 
*"§ 

.2  a 
o° 
H 

X    . 

CD  to 

a! 

z  ? 

£3 
Z  <y 

—  ■/. 

o  Sb 
ca  o 
bC*> 

5J    1. 

-  1 
P   X 
Q   S 

o  S 

£ft 

CM 

Total  passengers  carried  per 
mile  of  single  track  oper- 
ated. 

u 

CD 

P. 

T3 
CD        ' 

03 
u 

CD 
ft 
O 
QQ 
03 

1 

cs  a 
O  3 

H 

Maine  (19  roads). 
Augusta,  Hallowell  &  Gardiner  Rail- 

8  1 
S  2 
S  3 

S   4 
S   5 

n  i; 

S  7 

816  115 
1  225  028 

337  860 
1  160  445 
1  095  666 

812  220 

960  578 

7.00 
17.40 

5.72 
14.00 
11.52 
15.20 

16.64 

53 

88 
67 
77 
67 
58 

62 

116  588 
73  414 
58  984 
82  888 
90  600 
54  748 

57  737 

201534 

Bangor.  Orono  &  Old  Town  Railroad. 
Biddeford  &  Saco  Ry 

408  570 
136  312 

Portland  &  Cape  Elizabeth  Ry 

Portsmouth,  Kittery  &  York  St.  Ry. . 

Rockland,  Thomaston  &  Camden  St. 

Ry 

350  000(a) 
128  945 
350  000(a) 

368  609 

7 

S  8 
S  9 
810 

.S  11 

S13 

,S'16 

S17 
818 

S19 

6  407  912 

823  669 

712  344 

4  898  363 

599  429 

375  375 
1  439  285 
748  842 
816  113 
1  256  626 
496  726 
543  032 

1  434  105 

87.48 

10.58 
5.89 
19.89 

17.88 

9.70 
17.00 

7.52 
17.52 
11.91 
12.56 

7.34 

16.55 

74 

60 
56 
56 

63 

98 

77 
69 
78 
70 
64 
84 

75 

73  349 

77  851 
120  958 
246  272 

33  535 

38  698 
84  663 
99  580 
46  466 

105  476 

39  548 
73  978 

86  713 

1  743  970 

Connkcticut  (31  roads). 
Danbury  &  Bethel  St.  Ry 

344  533 

Derbv  Street  Ry 

154  375 

Fair  Haven  &  Westville  R.  R 

1  283  643 

Hartford,    Manchester   &    Rockville 

343  542 

Hartford  &  West  Hartford  Horse  R. 
R...                                    

188  892 

Meriden  Electric  R.  R 

445  864 

167  592 

303  608 

233  347 

Torrington  &  Winchester  St.  Ry 

Bristol  &  Plainville  Tramway 

Central    Railway    &    Electric    (New 

163  684 
145  629 

338  403 

Totals  and  averages 

12 

14  143  909 

330  594 
602  227 
992  063 
546  485 

1  353  082 
3R4  512 
551  674 
775  266 

2  178  863 
1  556  243 

712  647 

1  408  722 

477  268 

907  048 

1  536  505 

2  589  797 
856  817 

8  981  702 

7  li79  147 

29  063  234 

756  465 

154.34 

3.33 

6.88 
11.88 
12.68 
21.07 

9.22 
13.73 
16.78 
21.43 
22.71 
12.86 
26.04 

6.13 
19.38 
13.00 
22.42 
11.46 
64.82 
64.77 
153.83 

7.54 

67 

67 
63 
65 
75 
58 
75 
70 
71 
64 
61 
64 
65 
75 
74 
71 
68 
58 
56 
61 
57 
90 

91641 

99  277 
87  533 
83  507 
43  098 
64  200 

39  531 

40  163 
46  188 

101  673 
50  911 
55  416 
54  098 
77  858 
46  801 
118  138 
115  513 
74  733 
138  572 
118  545 
188  928 
100  314 

3  901  011 

Massachusetts  (103  roads). 

79  210 

114  075 

267  335 

Bridgewater.  Whitman  &  Rockland. . 
Broekton,  Bridgewater  &  Taunton. . . 
Brockton  &  East  Bridgewater. . . 
Dartmouth  &  Westport 

S  23 
.S'24 
S  25 

N  26 

220  363 
490  006 
105  528 
337  232 

282  591 

Fitchburg  &  Leominster 

S  28 
S  2v 
S  30 

671  274 

Gloucester,  E*sex  &  Beverly 

355  932 

178  076 

433  833 

Haverhill.  Georgetown  &  Danvers. . . 
Hingham 

,s  :;■. 

143  160 

291  842 

349  753 

Interstate  Consolidated  (R.  [.) 

n  ::r 

660  306 
248  306 

Lowell,  Lawrence  &  Haverhill. . . 

S'  -it 

1  741  291 

Lowell  &  Suburban  

,s:-„s 
,s'  :\\ 
S40 

1  938  352 

Lynn  &  Most  on 

5  801 1  287 

223  834 

(a)  Estimated. 
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$5  802 

20.15 

4.97 

$40  227 

4.04 

4.0 

$26  982 

$39  687 

10.90 

3  659 

15.58 

5.19 

61  251 

2.99 

8.0 

15  208 

16  475 

13.76 

4  363 

18.30 

7.38 

24  887 

2.47 

23  483 

27  651 

12.27 

3  721 

14.80(a) 

4.48 

51  815 

3.31  (a) 

29  605 

31985 

11.51  (a) 

3  795 

43.31 

5.09 

54  782 

8.49 

"i!6 

52  977 

55  637 

28.81 

2  736 

16.42(«) 

5.03 

41  061 

3.25  (a) 

1.2 

26  556 

26  788 

9.57  (a) 

4  099 

25.39 

7.10 

48  028 

3.02 

19  058 

31  631 

15.93 

$3  680 

18.46 

5.02 

$322  001 

3.10 

$28  839 

$25  409 

13.71 

4  045 

17.51 

5.13 

42  826 

3.37 

4.0 

50  844 

47  399 

10.64 

6  024 

23.00 

4.98 

35  486 

4.62 

55  515 

58  527 

13.02 

12  459 

19.31 

5.06 

247  812 

3.82 

'6!6 

36  436 

43  298 

10.87 

3  422 

25.13 

10.20 

61192 

2.46 

29  317 

28  002 

15.92 

3  051 

15.67 

7.88 

29  599 

1.99 

58  323 

52  046 

15.49 

4  245 

16.19 

5.08 

72  176 

3.23 

94  373 

92  507 

12.63 

4  844 

21.74 

4.86 

36  430 

4.47 

4.5 

31  338 

32  159 

15.09 

2  099 

12.16 

4  50 

36  790 

2.70 

2.0 

38  927 

33  466 

9.58 

4  529 

24.17 

4.29 

53  973 

5.63 

45  498 

42  511 

17.08 

1  927 

14.88 

4.86 

24  202 

3.05 

29J187 

28  933 

9.57 

3  641 

18.34 

4.90 

26  718 

3.73 

'3.6 

35  827(6) 

31  460(6) 

15.49 

3  856 

18.86 

4.45 

63  821 

4.24 

78  934(6) 

65  123(6) 

14.26 

$4  736 

16.17 

5.16 

$731  025 

3.62 

$49  553 

$50  229 

12.53 

4  938 

20.76 

4.97 

16  444 

4.17 

29  831 

28  928 

13.86 

4  281 

25.82 

4.89 

29  339 

5.27 

'8.0 

19  771 

17  464 

16.21 

4  087 

18.16 

4.89 

48  258 

3.71 

3.0 

21248 

20  691 

11.81 

2  136 

12.29 

4.96 

26  960 

2.47 

16  577 

16  940 

9.26 

3  381 

14.55 

5.27 

69  484 

2.76 

-3!6 

24  903 

24  405 

8.29 

1  988 

17.46 

5.06 

18  352 

3.45 

20  981 

',•(1341 

13.11 

7  055 

28.74 

17.57 

95  578 

1.63 

's.b 

26  594 

24  541 

20.18 

3  668 

21.79 

7.94 

61  516 

2.75 

87  5 1 1 

27  328 

15.56 

6  267 

20.01 

6.16 

134  014 

3.24 

"8'.6 

25  905 

25  787 

12.84 

2  599 

16.59 

5.11 

58  698 

3.24 

3.0 

17  837 

17  880 

10.23 

2  689 

19.38 

4.a5 

33  677 

4.00 

4.0 

16  835 

16  886 

12.37 

3  443 

20.67 

6.36 

88  0(i0 

3.24 

\!.-,  993 

25  811 

13.46 

3  914 

16.76 

5.03 

23  757 

3.33 

18  176 

17  096 

12.63 

2  304 

15.31 

4.92 

44  197 

3.75 

22  059 

22  741 

11.30 

5  894 

21.92 

4.99 

75  214 

4.38 

*6l6 

19  558 

17  881 

15.64 

6  039 

20.50 

5.23 

134  714 

3  99 

6.0 

20  165 

25  083 

14.02 

805 

17.57 

5.09 

43  165 

3.45 

31  282 

32  487 

10.22 

li  '.Ml 

25.98 

5.04 

448  938 

5.15 

'i'.O 

48  795 

47  401 

14.68 

5  986 

20.00 

5.05 

380  177 

3.96 

3.0 

36  004 

36  169 

12.28 

9  648 

25.59 

5.11 

1  472  154 

5.01 

8.0 

58  851 

59  200 

14.75 

5  117 

17.24 

5.10 

35  952 

3.38 

24  720 

26  967 

15.60 

(6)  Includes  cost  of  electric  lighting  plant,  which  could  not  be  separated. 
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Milford,  Holliston  &  Framingham 

Natick  &  Cochituate 

S41 

■S'42 
8  43 
N44 
S45 

S  16 
S47 
•s'48 

1  668  831 

1  089  877 

1  139  653 

1  837  130 

1  098  486 

713  551 

1  973  521 

1  813  637 

809  869 

673  714 

3  713  343 

333  530 

1  521  581 

567  164 

553  586 

1  134  670 

919  244 

1  139  681 

966  336 

281  043 

1  239  738 

3  275  611 

20.34 
11.00 
18.38 
15.78 
13.S2 

6.52 
10.95 
17.12 

7.80 
14.92 
30.06 
11.84 
17.22 

8.16 

7.75 
13.07 
17.23 
15.30 
19.22 

6.92 
17.36 
21.91 

60 
84 
92 

67 
71 

72 

62 
70 
36 
64 
93 
83 

69 
68 
63 
76 
58 
61 
82 
65 
68 

82  051 

99  080 

63  015 

115  743 

79  468 

109  337 

180  188 

105  817 

103  803 

45  149 

90  240 

28  085 

88  336 

69  505 
11320 
86  815 
55  093 
73  £35 
50  375 
40  665 

70  837 
149  483 

465  991 
357  772 

330  056 

Newton 

465  458 

456  530 

Norfolk  Central  ( Dedham) 

185  583 

Norfolk  Suburban  (Hyde  Park) 

Northam  pton 

423  986 
487  369 

189  073 

Providence  &  Taunton 

S50 
851 
S52 

S  53 
■S'54 
855 
S  56 
S57 
S58 
SE9 
S60 
8  61 
S63 

43 

99  983 

Quincy  &  Boston 

564141 

Reading  &  Lowell 

146  373 

Rockland  &  Abington 

397  812 

Rockport 

146  377 

Southbridge  &  Sturbridge 

149  588 

Soutb  Middlesex  (Natick) 

269  181 

Taunton  &  Brockton 

249  362 

Wakefield  &  Stoneham 

374  431 

Warren,  Brookfield  &  Spencer 

Worcester  &  Blackstone  Valley 

Worcester  &  Marlborough 

288  837 
110  098 
343  877 

Worcester  &  Suburban 

714  529 

91  288  034 

864.63 

64 

105  567 

23  037  982 

Maine 

(d)  7 
(c/)12 

(c*)43 

6  407  912  1     87.48 
14  143  909     154  34 

74 
67 
64 

73  249 
91  641 
105  567 

1  743  970 

Connecticut 

3  901  011 

Massachusetts 

91  288  034 

864.63 

22  037  982 

Totals  and  averages 

(d)62 

111  839  855 

1106.45 

65 

101079 

27  682  963 

(c)  Railways  in  Rhode  Island,  New  Hampshire  and  Vermont  are  not  treated  in  this 
table. 

It  should  be  remembered  that  the  figures  at  the  foot  of  page  875 
are  riot  exact,  nor  would  it  be  fair  to  multiply  by  the  number  of  miles 
of  track  equipped. 

It  is  evident  that,  whether  a  new  line  be  built  under  the  same  condi- 
tions of  existing  steam  railroads,  or  an  old  system  be  changed  over,  the 
first  cost  will  be  against  electric  motive  power;  and  to  overcome  this 
disadvantage  the  operating  expenses  must  be  reduced  sufficiently  to 
more  than  take  care  of  the  interest  on  this  additional  cost;  or  else  the 
change  must  create  an  increased  traffic  which  justifies  it. 

Wellington*  gives  a  table  showing  the  distribution  of  first  cost  of 
the  New  York  Central  and  Hudson  River  Eailroad  in  1885,  from  which 
Table  No.  2  has  been  calculated. 

*  '•  Economic  Theory  of  Railway  Location,"  p.  71. 
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3.58 

$20  096 

$19  351 

10.73 

5  044 

21.53 

5.09 

55  070 

4.22 

6.0 

11463 

10  580 

18.21 

3  259 

18.71 

5.26 

56  982 

3.56 

29  847 

31  166 

17.16 

6  069 

20.58 

5.24 

91  465 

3.92 

8.0 

33  830 

32  239 

13.83 

4  729 

14.32 

5.95 

54  322 

2.40 

5.0 

40  179 

39  545 

10.20 

5  437 

19.09 

4.97 

35  351 

3.88 

26  919 

19  487 

13.81 

9  079 

23.44 

5.04 

98  998 

4.65 

7.0 

25  322 

24  939 

18.05 

5  391 

18.94 

5.09 

89  466 

3.71 

8.0 

22  965 

21  778 

11.82 

5  234 

21.60 

5.04 

40  690 

4.28 

26  302 

27  622 

15.13 

2  382 

35.56 

5.28 

35  456 

6.73 

30  302 

28  821 

12.86 

4  515 

24.06 

5.00 

128  857 

4.80 

3.5 

22  225 

20  806 

15.53 

1  413 

11.44 

5.03 

16  588 

2.27 

13  074 

13  685 

10.63 

4  521 

19.58 

5.12 

75  315 

3.80 

6.0 

16  103 

15  937 

16.37 

3  484 

19.42 

5.01 

28  358 

3.87 

6.0 

16  888 

15  602 

13.52 

3  595 

18.68 

5.04 

27  177 

3.02 

5.0 

16  116 

15  842 

12.74 

4  370 

21.22 

5.03 

56  517 

4.21 

6.0 

19  797 

19  189 

13.39 

2  824 

19.51 

5.13 

48  510 

3.80 

6.0 

16  323 

16  149 

14.78 

4  056 

16.58 

5.49 

61  838 

3.01 

5.0 

25  291 

25  163 

9.59 

2  510 

16.17 

4.99 

48  041 

3.34 

17  662 

17  204 

10.23 

2  033 

12.78 

5.00 

14  070 

2.55 

12  867 

12  671 

10.44 

3  780 

19.14 

5.34 

64  7*7 

3.58 

6.0 

26  690 

25  453 

12.48 

7  044 

21.60 

4.71 

152  402 

4.58 

4.0 

37  364 
$30  131 

38  688 

14.63 

$5  437 

21.33 

5.15 

$4702  191 

4.14 

$30  507 

13.74 

Electric  Suburban  and  Inter  urban  Railways. 


$3  680 

4  736 

5  437 

18.46 
16.17 
21.33 

5.02 
5.16 
5.15 

$322  001 

731  025 

4  702  191 

3.10 
3.62 
4.14 

$28  839 
49  553 
30  131 

$25  409 
50  229 
30  507 

13.71 
12.53 
13.74 

$5  201 

20.79 

5.14 

$5  755  217 

4.04 

$32  738 

$32:855 

13.20 

(d)  No.  of  roads  taken  in  each  State. 

From  Table  No.  3  we  find  that  the  average  cost  per  mile  of  single 
track  of  (52  suburban  and  internrban  electric  railways  in  New  Eng- 
land is  $32  738,  while  the  highest  is  $58  851,  and  the  lowest  $11  463. 
Obviously,  it  would  be  unfair  to  compare  the  steam  railroad  chosen 
with  the  foregoing  average,  as  the  former  must  exceed  the  average  of 
its  own  class  by  over  25  per  cent.  Adding  this  percentage  to  the  fore- 
going average  gives  approximately  $41  000  per  mile  of  single  track  as 
a  fair  comparative  cost  for  an  electric  interurban  railway  with  the  same 
standard  of  construction  and  equipment  as  the  New  York  Central  aud 
Hudson  River  Railroad.  The  construction  account  of  such  railways 
is  about  5i \%  of  the  whole;  the  equipment  30,%'  (including  power  sta- 
tions); and  lands,  buildings  and  other  permanent  investment  about 
20  per  cent.     From  the  foregoing,  Table  No.  8  has  been  computed. 
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Mr.  l>avis. 


TABLE  No.  4.— Electric  City 


Name  of  Railway. 

>> 

o 
6 

M 

(0 
-d 

a 

C  1 
C  2 
C  3 
C  4 

Total  passengers  car- 
ried   per    annum  ; 
year   ending    June 
30th,  1898 

0>-3 

c  -^ 

"3  =3 

o  » 

A  ft 

s° . 

S3      -^ 

III 

ft  to 

«w  S3  2 

c  -  .£ 

ft  S3 
V  X  ■- 

-A.   1    - 

f»a 

©  M  r 

0  'XL  C 

fe  ce  tj 
ft 

82 
66 
79 

68 

Total  passengers  car- 
ried   per    mile    of 
single  track    oper- 
ated. 

Total  car-miles  oper- 
ated per  annum. 

Maine  (13  roads). 

1  523  837 
451  907 
485  613 

5  444  897 

9.70 

4.25 

7.00 

30.95 

157  096 
106  331 
69  373 
175  925 

326  197 

Bath  St.  Ry 

103  395 

Calais  St.  Ry 

183  960 

Portland  Railroad 

1  155  854 

Totals  and  averages 

4 

c  5 
C  6 
C   7 
C  8 
C  9 
CIO 
Cll 
C12 

8 

C13 
C14 
C15 

r 'in 
C17 

C18 
C19 

C20 
i  '21 

( '  22 

C23 

,..,, 

i  '  25 
("2(1 
C27 

r'2s 

(.*2'.l 
C30 

18 

7  906  254 

4  108  260 

8  886  229 
401  948 

3  093  458 
666  844 
618  845 

4  381  462 

2  515  116 

24  672  162 

181  321  295 

944  064 

6  787  425 

1  447  822 

636  673 

341  038 

6  627  700 

1  369  961 

•  4  233  900 

1  318  035 

691  018 

11  611  232 

1  269  804 

3  776  878 
709  887 

1  460  920 

10  637  221 

485  636 

235  670  539 

51.90 

52.60 
56.64 

7.30 
26.80 

6.96 
11.05 
17.54 
12.18 

72 

51 
69 
73 

60 
74 
97 
61 

58 

152  336 

78107 
156  889 

55  061 
115  427 

95  810 

;-,!!  I.I  11 

249  798 

200  495 

1  769  406 

Connecticut  (31  roads). 
Bridgeport  Traction 

1  454  638 

Hartford  Street  Ry 

2  228  932 

Middletown  St.  Ry 

102  801 

New  Haven  St.  Rv 

883  731 

New  London  St.  Ry 

137  841 

Stamford  St.  Ry 

226  263 

Winchester  Ave".  (New  Haven) . . . 
Waterbury  Traction 

764  801 
435  431 

Totals  and  averages 

191.07 

278.35 
14.26 
43.37 
12.73 

6.36 

4.34 
29.09 
11.25 
30.56 
10.10 

8.75 
61.60 
17.13 
19.96 

4.66 
10.26 
41.81 

7.08 

63 

71 
80 
63 
92 
60 
82 
62 
67 
67 
65 
67 
74 
54 
64 
67 
66 
73 
92 

129  131 

651  410 
66  204 
156  511 
113  724 
100  137 
76  569 
227  842 
121  774 
138  535 

130  537 
78  977 

188  47'9 
74  115 

189  222 
152  336 
142  3D7 
254  388 

68  554 

6  234  438 

Massachusetts  (103  roads). 
Boston  Elevated 

32  209  150 

Braintree 

267  364 

Brockton  

1  463  110 

Commonwealth  Ave.  (Newton  i.. 

Framingham  Union 

Gardner  Electric 

478  017 
111  966 
77  126 

Globe  (Fall  River) 

1  280  612 

Gloucester 

283  601 

Holyoke 

1  107  962 

Pittsfleld  Electric 

260  900 

Plymouth  &  Kingston  

Springfield 

181  650 
3  133  475 

Taunton 

Union  (New  Bedford) 

383  711 
799  738 

We  1  lesley  &  Boston 

West  Roxbury  &  Roslindale 

220  980 
323  023 

Worcester  Consolidated 

2  121  402 

Woronoco  

257  497 

Totals  and  averages 

611.66 
333.31 

7.50 
14.46 
12.50 

17.02 
3.63 

72 
71 

96 
80 
92 
68 
75 

385  296 

44  961  284 

Totals  and  averages  (omitting  C  13) 

New  Hampshire  (5  roads). 
Union  St.  Rv 

17 

C31 

r-32 

::; 

:'.l 

C'35 

54  349  244 

592  567 
954  333 
971  160 

3  290  386 
229  171 

163  059 

79  0' 8 
65  928 
77  692 
201  124 
68  043 

12  752  134 

178  740 

Nashua  St.  Rv 

400  353 

Concord  St.  Ry 

300  000  (a) 
762  635 

Manchester  St.    Ry 

Laconia  St.  Ry 

59  665 

Totals  and  averages 

5 

c)  4 
c)  8 
c  17 
c)  5 

c)34 

6  037  617 

b)  Totals 

7  906  254 
24(172  162 
54  349  244 

6  037  617 

55.11 

and  i 

51.90 
191.07 
333.31 

55.11 

77 

iverat 

72 
63 

71 

77 

109  555 

jes  of 

152  336 
129  131 
163  059 
109  555 

1  701  393 

Maine ( 

Table  No.  4 

1  769  406 

Connecticut 

6  234  438 

12  752  134 

New  Hampshire 

1  701  393 

92  965  277 

631.39 

69 

147  237 

22  457  371 

.".I  3timated.    (Jivenin  report  as  " 
(c)  No.  of  roads  taken  in  each  State. 


000  estimated,"  which  is  obviously  wrong. 
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Bail  ways  (E.  K.  Com.  Kepoets). 


Mr.  Davis. 


Passenger  Earnings. 
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4.67 

$58  864 
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16.60 
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4.70 

21  190 

4.37 

2.5 

40  592 

40  976 

13.66 

3  221 

12.63 

4.78 

22  964 

2.64 

28  571 

30  097 

10.06 

9  761 

26.13 

5.51 

300  237 

4.71 

6.0 

34  712 

34  263 

17.95 

$7  825 

22.97 

5.15 

$406  323 

4.46 

$35  441 

$34  016 

16.63 

4  581 

16.56 

5.86 

241007 

2.82 

73  998 

74  349 

8.56 

7  734 

19.65 

4.92 

438  069 

3.99 

o 

5 

46  913 

41  569 

13.60 

2  520 

17.90 

4.57 

18  402 

3.91 

32  420 

35  943 

13.18 

5  401 

16.38 

4.67 

144  755 

3.50 

70  898 

65  992 

9.93 

4  454 

22.49 

4.64 

31003 

4.84 

5 

0 

54  963 

52  986 

16.83 

2  726 

13.31 

4.86 

30  122 

2.74 

27  841 

27  899 

12.95 

9  388 

21.53 

3.76 

164  666 

5.73 

8 

li, 

57  452 

40  766 

13.30 

9  644 

26.98 

4.67 

117  469 

5.78 

3 

(i 

75  016 

87  857 

15.59 

$6  204 

19.01 

4.80 

$1  185  493 

3.95 

$59  129 

$62  517 

12.04 

32  976 

28.50 

5.06 

8  967  587 

5.62 

2.25 

98  600 

103  655 

20.39 

3  163 

16.87 

4.78 

44  635 

3.53 

4.0 

13  115 

13  193 

13.46 

7  749 

22.97 

4.95 

330  559 

4.63 

6.0 

34  997 

31  326 

14.52 

5  783 

15.40 

5.08 

71  331 

3.02 

29  068 

29  145 

14.27 

4  786 

27.17 

4.78 

29  954 

5.68 

22  523 

21  962 

16.48 

3  940 

22.18 

5.01 

17  020 

4.42 

17  533 

18  403 

18.32 

in  943 

24.86 

4.80 

301  238 

5.17 

75  447 

74  886 

15  57 

ti  872 

24.88 

5.15 

68  498 

4.83 

6.0 

33  377 

31  211 

16.71 

7  496 

20.68 

5.41 

227  165 

3.82 

8.0 

29  964 

27  950 

13.95 

6  543 

25.32 

5.01 

65  845 

5.05 

6.0 

13  663 

12  451 

16.45 

4  209 

20.28 

5.01 

34  106 

3.25 

6.0 

18  865 

18  577 

13.62 

9  464 

18.60 

5.02 

577  800 

3.70 

8.0 

35  591 

31  362 

13.73 

4  112 

18.36 

5.55 

63  490 

3.30 

54  556 

55  073 

9.96 

10  327 

25.78 

5.45 

187  728 

4.72 

6.0 

47  899 

45  415 

16.50 

8  449 

17.82 

5.55 

37  609 

3.21 

8.0 

24  759 

23  895 

11.93 

6  568 

20.87 

4.62 

67  188 

4.52 

3.5 

35  877 

36  846 

13.70 

12  863 

25.35 

5.06 

530  259 

5.01 

8.0 

47  803 

44  675 

18.58 

3  243 

8.92 

4.73 
4.94 

22  933 

1.88 

2.5 

16  273 

16  967 

18.17 

$19  038 

25.89 

$11644  945 

5.24 

$63  794 

$61  928 

18.84 

$8  002 

20.99 

4.92 

$2  677  358 

4.26 

$37  854 

$34  379 

14.93 

4  064 

17.05 

5.14 

30  485 

3.31 

33  &33 

16.43 

3  709 

13.39 

5.62 

53  610 

2.38 

27  181 

27  662 

10.75 

3  969 

16.54 

5.10 

49  626 

3.24 

6.0 

ir  isn 

15.35 

8  182 

18.26 

4.23 

139  266 

4.31 

10.0 

18  192 

20  564 

11.96 

3  439 

20.92 

5.44 

12  483 

3.85 

13  774 

15.83 

$5  180 

16.77 

4.73 

$285  500 

3.55 

$22  321 

$24  832 

12.89 

Electric  City  Railways  (C13  omitted). 


22.97 
19.01 
20.99 
16.77 


20.28 


5.15 
4.80 
4.92 
4.73 


4.£ 


$406  323 

1  185  493! 

2  677  358 
285  500 


$4  554  674         4.13 


4.46 
3.95 
4.26 
3.55 


$35  441 
59  129 

37  854 
22  321 

$34  016 
62  51? 

34  379 
24  832 

16.63 
12.04 

14.93 
12.89 

$42  579 

$42  031 

14.11 

(6)  Railways  in  Rhode  Island  and  Vermont  are  not  treated  in  this  table. 
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31 

103 

9 

5 

5 

14  651  165 

39  272  306 

330  889  629 

39  979  695 

6  037  617 

1  637  262 

182.80 

387.01 

1  590.95 

154.88 

51.11 

27.14 

71 
65 
69 
60 

77 

79  054 

101  478 

207  982 

258  133 

New  Hampshire  (189R1     

109  555 

Vermont  (1896) .   .          

172 

432  467  674 

2  393.89 

67 

182  726 

TABLE  No.  6. — Totals   and   Averages   of   Table   No.    3,    Electric 

Electric  City  Bail- 


11 

20 
60 

14  314  166 

3s  816  071 
145  637  278 

6  037  617 

139.38 

345.41 

1  197.94 

55.11 

73 
64 
66 

77 

102  698 

112  376 

121  573 

5 

109  555 

96 

204  805  132 

1  737.84 

67 

117  890 

TABLE  No.  7.— Totals  and 


Table  No.  3.  —Electric  Suburban  and  Interurban 
Railways  (selected  from  total  number  in  New 
England ) 

Table  No.  4.*— Electric  City  Railways  (selected 
from  total  number  in  New  England  ) 

Table  No.  5.— All  Electric  Railways  in  New  Eng- 
land (total  number  in  New  England  making 
reports  to  R.  R.  Corns. ) 

Table  No.  6.*— Electric  City,  Suburban  and  Inter- 
urban Railways  (selected  from  total  number 
in  New  England ) 


+62 
+34 

+172 

'  +96 


111  839  855 

1  106.45 

65 

92  965  277 

631.39 

69 

432  467  674 

2  393.89 

67 

204  805  132 

1  737.84 

67 

101  079 
147  237 

182  726 

117  890 


+  No.  of  roads  taken. 
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in  New  England  (R.  R.  Com.  Reports).*  Mr.  Davis. 
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sengers;     year 
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1898. 

3  273  932 
10  323  464 

68  206  418 

4  720 

5  253 
10  632 
13  092 

5  180 

26.35 
19.45 

24.80 

16.77 

5.89 
5.14 
5.11 
5.07 
4  73 

862  885 
2  01H  986 
16  545  554 
2  027  693 

285  500 

4.47 
3. SO 

4.85 

29  331 
51  177 
43  229 

22  321 

20  362 

32  263 
51  610 
44  958 
75  698 
24  832 
30  033 

18.18 
12.71 
17.11 

1  701  393 

3.55 

12.89 

83  505  207 

9186 

23.60 

5.04 

21  740  618 

4.68 

42  717 

46  453 

16.53 

Suburban    and    Interurban   Electric  Railways,  and   Table   No.  4, 
ways  (C13  omitted). 


3  513  376 
10  135  449 
34  790  116 

5  225 
5548 

6  160 

20.73 
18.91 
21.21 

5.08 
4.93 
5.06 

728  324 
1  916  518 
7  379  549 

4.07 
3.83 
4.18 

31297 
54  850 
32196 

22  321 

28  614 
57  026 
31585 

24  832 

15.14 
12.23 
14.18 

1  701  393 

5  180 

16.77 

4.73 

285  500 

3.55 

12.89 

50  140  334 

5  932 

20.56 

5.03 

10  309  891 

4.08 

36  313 

36  189 

13.91 

Averages,  Tables  Nos.  3,  4  and  5. 


27  682  963 

5  201 

20.79 

5.14 

5  755  217 

4.04 

32  738 

32  855 

13.20 

22  457  371 

7  213 

20.28 

4.89 

4  554  674 

4.13 

42  579 

42  031 

14.11 

83  505  207 

9186 

23.60 

5.04 

21  740  618 

4.68 

42  717 

46  453 

16.52 

50  140  334 

5  932 

20.56 

5.03 

10  309  891 

4.08 

36  313 

36  189 

13.91 

*  C  13  omitted. 


Mr.  Davis. 
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TABLE  No.  8. 


Item. 


Per  mile 

of   single 

track. 


1.  Grading  and  masonry 

2.  Bridges,  etc 

3.  Superstructure 

9f».  Engineering  (A> 

A.  Rail  bonding 

B.  Overhead  electric  line 

C.  Paving , 

Total  construction 

4.  Stations,  etc 

5.  Land  and  land  damages 

Total  land  and  buildings 

6.  Locomotives 

7.  Passenger  cars 

8.  Freight  cars 

9ft.  Engineering  (|) 

10.  Floating  equipment 

I).  Electric  feeder  line  and  ground  return 
E.  Central  power  plants 

Total  equipment 


N.  Y.  C.  &  H.  R. 
R.  R. 


7  749 

1  066 

11  439 

554 


20  808 


5  453 
5  576 


11  029 

2  337 
574 

5  576 
553 
123 


9  163 


Per- 
centage. 


18.9 
2.6 
27.9 
1.35 


50.75 


13.3 
13.6 


26.9 

5.7 
1.4 
13.6 
1.35 
0.3 


22.35 


Electric  Railway 
(Approximate). 


Per  mile 

of  single 

track. 


2  050 
410 

9  020 
410 
410 

2  460 

5  740 


20  500 


8  200 


8  200 


4  100 
4  100 


Per- 
centage. 


5.0 
1.0 

22.0 
1.0 
1.0 
6.00 

14.0 


50.0 


20.0 


10.00 
10.00 


30.00 


From  Table  No.  8,  we  see  that  items  A,  B,  7,  D  and  E  constitute 
those  which  would  be  an  increase  in  the  cost  of  a  new  electric  line 
under  steam-railroad  conditions,  or  to  change  an  existing  steam  rail- 
road; all  other  items  have  already  been  shown  to  be  the  same, 
although  varying,  as  the  table  shows,  in  the  case  of  a  street  railway. 
We  therefore  get  an  approximate  general  figure  of  $20  000  per  mile  of 
single  track  as  the  increased  cost  of  the  electric  railroad.  This  figure 
should  be  treated  with  caution,  in  any  individual  case,  for  it  might  be 
exceeded  by  more  than  100%  under  some  circumstances,  although  it 
is  approximately  accurate  as  an  average. 

In  either  a  new  or  an  old  line  there  is  a  limiting  factor  which 
sometimes  precludes  the  possibility  of  using  electric  traction — the 
transmission  of  electric  power  from  the  station  to  the  motor.  Some 
problems  show  at  once  that,  owing  to  the  long  distance  and  infre- 
quent trains  of  great  weight,  electric  transmission  of  power  would  be 
entirely  too  costly.  Just  where  the  line  occurs  is  hard  to  define,  as 
it  depends  upon  distance,  amount  of  power,  frequency  of  trains,  and 
their  weight.  A  few  years  ago  it  was  considered  that  about  ten  miles' 
radius  was  the  limit  for  one  power  house;  this  was  before  the  days  of 
"boosters"  and  multiphase  currents.  The  development  in  multi- 
phase transmission  has  led  many  to  believe  that  this  would  make  it 
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possible  to  operate  trunk  railroad  lines  by  electric  motors  success-  Mr.  Davis, 
fully.  The  basis  for  tbis  is  tbe  reduction  of  line  cost  by  the  use  of 
high  potentials  and  the  utilization  of  cheap  sources  of  power  such  as 
waterfalls;  but  it  must  be  remembered  that  the  problem  is  not  solely 
a  question  of  the  original  cost  of  power,  but  rather  the  concentration 
of  power  and  its  long-distance  transmission  coupled  with  a  cheap 
source,  versus  operation  by  small  isolated  units — steam  locomotives. 

In  the  operation  of  railways,  whether  electric  or  steam  lines,  one 
requisite  is  that  the  speed  of  trains  must  be  controlled  by  the  opera- 
tor; the  variations  of  speed  must  be  numerous,  and  the  change  from 
one  to  another  must  be  sufficiently  smooth  to  cause  no  discomfort  to 
the  passengers  or  excessive  strain  on  any  of  the  apparatus.  The  elec- 
tric railway  motor  operating  by  direct  current  has  long  been  used  for 
this  work  with  satisfactory  results,  and  in  its  latest  forms  is  sufficient 
and  serviceable  under  the  rough  usage  to  which  it  must  necessarily  be 
subjected. 

With  alternating-current  motors  the  regulation  of  speed  is  more 
difficult.  Until  the  recent  development  in  "induction"  motors,  the 
so-called  "  synchronous  "  motor  was  the  only  type  worthy  of  practical 
consideration.  This  type  derived  its  name  from  the  fact  that  of  neces- 
sity it  ran  at  the  same  speed  as  the  generator  which  supplied  it  with 
current.  Obviously,  therefore,  the  speed  could  not  be  varied. 
Besides  this,  the  "synchronous"  motor  would  not  start  by  itself 
under  load.  Hence  it  was  unsuited  for  operating  railway  cars.  The 
other  form  of  alternating  motor — the  "  induction  "  motor — is  capable 
of  speed-regulation  to  a  limited  extent,  and  is  continually  being 
improved,  so  that  the  future  may  see  developments  and  improvements 
beyond  our  most  sanguine  expectations.  Alternating-current  "induc- 
tion "  motors  have  certain  characteristics  which  would  be  of  great 
advantage  in  railway  work.  The  most  important  of  these  is  the 
absence  of  the  commutator.  In  other  words,  there  is  no  electrical 
connection  between  the  stationary  parts  of  the  "induction"  motor 
aud  the  armature  or  rotating  part,  and,  therefore,  there  is  no  exposed 
metal  carrying  current,  and  no  sparking  due  to  the  use  of  brushes. 

The  use  of  multiphase  currents  has  the  following  advantages: 

(1)  They  allow  some  control  of  the  speed  of  motors. 

(2)  They  provide  for  starting  motors    when    loaded,    but    not 

when    over-loaded   to   the   same  extent  as  direct-current 
motors. 

(3)  They  facilitate  insulation. 

(•4)  They  overcome  some  of  the  effects  of  induction. 
(5)  They  reduce  the  cost  of  conductors. 
In  short,  then,  the  "induction"  motor,  like  the   "synchronous" 
motor,  presents  the  difficulties  of  starting  under  loads  as  well  as  speed- 
control.     The  two-phase  and  three-phase   "induction"  motors  have 
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Mr.  Davis,  overcome  these  difficulties  to  a  certain  extent,  and  they  offer  improve- 
ments over  direct-current  motors. 

(1)  They  require  less  attentiou. 

(2)  They  give  less  trouble  from  dirt,  dust,  or  water. 
3)  They  have  no  commutator. 

(4)  They  have  no  moving  electrical  contacts  (except  in  special 

cases). 

(5)  There  is  less  danger  of  burning  oxxt  armatures. 

(6)  They  require  renewal  of  parts  less  frequently. 
The  disadvantages  in  their  use  can  be  summarized  thus : 

(1)  They  do  not  start  readily  with  over-loads. 

(2)  Their  speed  cannot  be  controlled  readily. 

(3)  Their  efficiency  is  lower. 

At  present  the  disadvantages  outweigh  the  advantages,  in  so  far  as 
the  conditions  of  railway  work  are  concerned. 

It  seems,  therefore,  that  the  direct  application  of  alternating- 
current  motors  to  railroad  systems  is  not  feasible  to-day  from  a 
practical  standpoint;  mainly  for  the  reason  that  they  do  not  start 
under  heavy  over-loads,  and  they  are  not  easily  varied  in  speed  over 
wide  ranges. 

Irrespective  of  the  motors,  however,  the  alternating  current  can  be 
used  indirectly  in  operating  railway  lines.  The  method,  in  brief,  is 
to  carry  the  alternating  current  from  the  power  station  to  a  point  in 
close  proximity  to  a  section  of  the  track.  Here  the  current  is  changed 
from  alternating  to  direct  by  means  of  the  so-called  rotary  transformer, 
and  then  applied  as  direct  current  to  the  cars  using  direct-current 
motors,  with  the  usual  devices  for  controlling  the  speed.  This 
method  of  using  the  alternating  current  introduces  an  extra  trans- 
formation, with  its  concomitant  loss,  and  its  use  is  confined  to  cases 
where  it  is  desired  to  transmit  power  from  a  distance.  Alternating 
current's  are  better  adapted  than  direct  currents  for  transmitting 
power  over  long  distances,  because,  with  the  use  of  the  latter,  we  are 
now  limited  to  comparatively  low  pressures,  either  in  the  generating 
plant  (1  000  to  3  000  volts)  or  the  motors  (500  to  1  000  volts);  while 
with  the  former  we  can  "convert,"  and  thus  utilize,  between  the 
generator  and  the  motor,  higher  pressures  than  would  be  safe  at  either 
end.  In  transmitting  currents  of  electricity  over  long  or  short 
distances,  there  is  a  necessary  loss  in  transmission,  due  to  the  jjower 
required  to  force  the  current  through  the  wires.  This  loss  is  present 
in  all  circuits  carrying  a  current  of  electricity  in  greater  or  less 
amount,  depending  upon  the  volume  (amperes)  of  current  (squared), 
and  the  quality,  size  and  length  of  the  wire.  In  cases  where  large 
currents  are  to  be  carried  long  distances,  the  loss  is  so  increased  that 
it  requires  special  consideration.     The  principle  involved  in  all  long- 


Papers.]  DISCUSSIOX  OX  ELECTRICITY  VS.  STEAM  FOR  RAILROADS.  887 

distance  transmission  lines  is  to  increase  the  pressure  (voltage)  to  as  Mr.  Davis, 
high  a  point  as  practicable.  This  is  done  because  the  same  amount 
of  power  can  thereby  be  transmitted,  at  a  correspondingly  reduced 
current  requiring  a  smaller  wire,  at  the  same  or  less  loss,  since  the 
power  is  represented  by  the  product  of  the  current  and  the  pressure. 
Hence,  by  reducing  the  current,  the  energy  lost  in  the  line  is  reduced 
in  proportion  to  the  square  of  the  current.  By  thus  increasing  the 
pressure  and  reducing  the  current,  the  original  investment  in  the 
transmission  line  can  be  kept  within  reason,  and  the  interest  account 
reduced,  as  well  as  the  loss  of  energy  in  the  line. 

The  limit  to  which  this  process  of  reducing  the  loss  in  transmission 
can  be  carried  depends  upon  our  ability  to  insulate  wires  carrying 
high  pressures.  There  is  no  difficulty  in  using  an  alternating  current 
running  at  a  potential  of  1  000  to  2  000  volts;  for  these  pressures  are 
common  in  the  outside  mains  of  lighting  companies  supplying  alter- 
nating current  for  incandescent  lighting  in  cities  and  towns.  For 
long-distance  transmission,  however,  the  pressure  must  be  raised  to 
at  least  10  000.  This  is  now  done  successfully  in  a  number  of  cases. 
The  Niagara  Falls  transmission  line  is  operated  at  11  000  volts,  and  it 
is  the  intention  to  increase  this  to  22  000  volts,  if  it  has  not  already 
been  done;  while  there  are  installations  on  the  Pacific  Coast  where 
higher  potentials  are  used.  How  soon  higher  pressures  than  those 
now  used  will  become  commercially  practicable  remains  to  be  demon- 
strated by  the  development  in  the  use  of  present  electrical  insulating 
materials,  or  the  discovery  of  new.  In  order  to  obtain  high  pressures, 
an  intermediate  step  is  required  between  the  generator  and  the  line, 
known  as  the  "  steja-up  "  transformer,  and  another  at  the  other  end  of 
the  lines,  known  as  the  "step-down"  transformer.  Generators  are 
built  at  present  to  deliver  not  much  more  than  2  500  volts,  and  usually 
run  from  1  000  to  2  000  volts.  The  "  step-up  "  transformers  take  this 
voltage,  and  raise  it,  for  transmission,  to  10  000  or  20  000  volts.  At 
the  other  end  of  the  line  the  voltage  is  reduced  to  the  desired  amount, 
in  a  similar  manner,  by  a  "step-down"  transformer  and  then  applied 
to  the  distributing  lines,  or  to  the  rotary  transformer,  or  to  both,  as 
the  case  may  require.  High  insulation  is  therefore  required  from  the 
"  step-up "  transformer  along  the  transmission  line  to  the  "  step- 
down  "  transformer.  The  required  insulation  is  secured  by  special 
construction  in  the  transformers,  which  are  also  filled  with  oil,  and  by 
insulators  of  special  design  attached  to  cross-arms  and  poles  adapted 
for  the  purpose. 

We  therefore  see : 

(1)  That  the  alternating-current  motor  of  to-day  cannot  be  applied 
directly  to  operating  railroad  trains,  either  on  the  axles  of  the  cars, 
or  at  the  head  of  the  train  as  a  locomotive,  because  of  the  difficulties 
in  starting  under  load  and  in  controlling  the  necessary  variations  in 
speed. 
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Mr.  Davis.  (2)  That  the  alternating  current  can  be  applied  indirectly  to 
operating  railways,  because  of  the  facility  with  which  we  can  trans- 
form it  to  high  potentials  for  long-distance  transmission. 

Whether  it  will  pay  to  utilize  a  "  cheap  source  "  such  as  a  water- 
fall, or  concentrate  the  power  into  one  station  on  the  line  of  railroad, 
is,  again,  the  question  of  balancing  the  interest  account  on  the  added 
investment  for  long-distance  transmission  lines,  etc.,  by  reduced 
operating  expenses  or  increased  receipts. 

The  reduction  of  first  cost  to  a  minimum  consistent  with  work  best 
suited  for  the  purpose  is  of  great  importance  in  the  construction  of 
any  line.  No  increase  is  justifiable,  unless  it  will  prove  a  profitable 
investment  in  itself ;  no  decrease,  however,  is  justifiable,  if  the  larger 
expenditure  promises  larger  profit.  Where  expenditures  can  be 
decreased,  without  materially  lessening  immediate  traffic  or  adding  to 
operating  expenses,  such  decrease  should  be  made.  The  importance 
of  this  is  seen  when  we  remember  that  the  fixed  charges  (interest  on 
bonds  and  rentals)  are  really  a  part  of  the  cost  of  manufacturing 
transportation — to  borrow  an  expression  from  an  eminent  authority ; 
they  are,  in  fact,  one  of  the  largest  items  in  the  total  cost  of  running 
a  railway  system;  they  increase  in  a  somewhat  faster  ratio  than  the 
cost  of  the  line,  and  are  the  same  every  year,  whether  business  is  good 
or  bad;  and  we  therefore  emphasize  the  importance  of  reducing  the 
first  cost  to  the  lowest  amount  consistent  with  true  economy,  and  of 
increasing  the  traffic  to  its  maximum,  so  that  the  fixed  charges  may 
be  a  smaller  percentage  of  the  gross  receipts.  It  must  be  remembered, 
however,  that  the  gross  receipts  are  often  enormously  increased  by 
extraordinary  expenditures,  in  which  case  large  investments  may  be 
warranted,  such  as  terminals  at  or  near  large  centers  of  population, 
shortening  of  line  for  moral  effect  and  saving  of  time  in  competition, 
adopting  new  methods  as  an  inducement  to  increased  use,  etc.  An 
idea  of  the  weight  which  should  be  given  to  this  part  of  the  subject 
will  be  had  by  the  comparison  in  Table  No.  9. 

TABLE  No.  9. 


|    Steam  Railroads  (U.  S.) 

Massachusetts 
Electric  Railways. 

Average. 

High. 

Low. 

Average. 

Percentage  of  operating  expenses. . .         ii-"> 

70 
45 
45 
16 

55 

30 

14 

4 

69 
31 
15 

16 

By  examining  Table  No.  9,  which  is  not  supposed  to  show  highest 
and  lowest  figures,  but  averages  under  ordinary  conditions,  we  seethe 
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importance  of  the  item  of  fixed  charges,  and  the  importance,  there-  Mr.  Davis, 
fore,  of  reducing  the  first  cost. 

The  importance  of  a  reduction  in  first  cost,  consistent  with  true 
economy,  is  also  clearly  brought  out  by: 

Fig.  2.  Curve  6. — Showing  rapid  increase  in  capitalization  per 
mile  of  track  of  railways  (40%  of  which  is  bonded  indebt- 
edness, approximately  . 

Fig.  8.  Curve  2-6. — Showing  predicted  increase  in  Curve  6  of 
Fig.  2. 

Fig.  3.  Curve  4. — Showing  greater  increase  in  bonded  debt 
as  compared  to  increase  of  mileage  of  railroads. 

Fig.  9.  Curve  9-4. — Showing  predicted  increase  in  Curve  4  of 
Fig.  3. 

Table  ^No.  10.  Capitalization  of  Steam  Railroads  and  Street 
Railways.  — Curve  4.  Total  Bonded  Debt  332%  increase 
1870-1890,  as  against  213%  increase  in  mileage  of  the 
U.  S. ;  and  240%  increase  in  New  York,  New  Jersey, 
Pennsylvania,  Delaware  and  Maryland,  against  84% 
increase  in  mileage,  and  437%  increase  in  Massachusetts 
against  205%  increase  of  mileage.  The  increase  of  500% 
in  bonded  debt  of  street  railways  of  Massachusetts  in  the 
same  period,  against  544%  increase  of  mileage,  does  not 
disprove  the  statement,  for  this  apparent  decrease  is 
due  to  the  phenomenal  growth  of  street-railway  mileage. 

2.  Total  Expenses. 

As  first  cost  is  against  electric  traction  we  must  look  to  reduced 
operating  expenses  or  increased  receipts  as  justification  for  its  use. 
Let  us  examine  the  former.  Again  refer  to  our  tabulated  divisions  of 
"total  expenses,"  etc. 

We  have  adopted  the  title  "total  expenses  "  in  a  literal  sense, 
including  all  expenses  of  every  kind,  so  that  the  difference  between 
"total  expenses  "  and  "gross  receipts,"  if  on  the  right  side,  would 
give  the  amount  which  can  be  considered  the  actual  net  earnings  of 
the  line.  "  Operating  expenses,"  which  are  generally  treated  as  the 
usual  and  ordinary  expenses  of  the  system,  include  "maintenance  and 
renewal  of  way  and  works,"  "train  expenses,"  "station,  terminal, 
taxes  and  general  expenses,"  and  "  accidents,  loss  and  damages."  but 
not  "fixed  charges,"  although  the  latter  form  a  great  percentage  of 
the  actual  total  expenses,  and  have  become  a  necessity  in  our  indus- 
trial and  financial  development.  The  operating  expenses  include  many 
items  which  do  not  vary  with  the  amount  of  business  or  the  character 
of  the  alignment — such  as  salaries  of  leading  officials;  maintenance  of 
way.  works  and  parts  of  the  system,  against  that  deterioration  which 
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Mr.  Davis. 
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Mr.  Davis,  is  produced  only  by  time,  irrespective  of  the  amount  of  business 
bandied  or  work  done;  salaries  of  agents  of  all  kinds,  many  of  whom 
bave  to  be  employed  whether  business  is  large  or  small,  etc.  All  of 
these  might  be  called  the  "fixed  operating  expenses,"  and,  as  they 
often  amount  to  nearly  half  of  the  total  operating  expenses,  it  will 
prove  instructive  and  remunerative  to  keep  railroad  accounts  so  as  to 
show  this.  To  reduce  the  total  expenses  to  the  minimum  consistent 
with  true  economy  is  as  important  as  to  reduce  the  first  cost  to  the 
lowest  amount,  bearing  the  same  axiom  in  mind. 

We  have  two  cases  to  consider  and  compare  with  steam-railroad 
operation:  First,  central  steam-power  plants  located  along  the 
proposed  line;  second,  water-power  located  at  some  distance  from 
the  line.  The  following  applies  to  both  cases,  unless  otherwise  indi- 
cated: 

"  Eepairs  of  earthwork  to  subgrade  "  would  be  unaffected  by  the 
system  used.  Repairs  of  track,  fences,  cattle-guards,  crossings,  etc., 
renewals  of  ties,  and  ballast  are  substantially  independent  of  the 
volume  of  traffic;  ties  wear  independently  of  the  tonnage,  for  the  so- 
called  "cutting"  of  ties  is  due  primarily  to  the  rotting  away  under  the 
rail  foot,  accelerated  somewhat,  but  almost  inappreciably,  by  the 
decayed  material  cut  away  by  passing  loads.  The  total  cost  of  track 
labor  is  affected  only  by  a  very  small  percentage  of  the  whole  by  any 
change  in  the  amount  of  toaffic,  provided  the  standard  of  maintenance 
is  not  increased;  rail-renewals,  track-watchman,  and  part  of  the  labor 
of  lining,  surfacing,  etc. ,  directly  applicable  to  the  track  itself,  are  the 
only  items  which  vary  directly  with  the  number  of  trains.  One-half  to 
three-fourths  of  the  wear  of  steel  rails  is  caused  by  the  locomotive,  and 
is  due  more  to  the  great  concentration  of  load  on  the  driving  wheels, 
which  often  nearly  approaches  the  ultimate  crushing  resistance  of  the 
rail,  than  to  the  "hammer-blow"  of  the  reciprocating  parts.  Main- 
tenance of  crossings  would  be  unaffected  by  the  system  used.  For  the 
reasons  enumerated  above,  items  2,  3,  7,  8  and  9  would  be  unaffected 
in  cost  of  maintenance,  whichever  system  were  used.  While  some 
might  claim  that  the  renewal  of  rails  would  be  less  frequent  on  an 
electric  system,  it  must  be  remembered  that  an  electric  locomotive  or 
a  motor  car  at  the  head  of  a  train  must  have,  concentrated  on  the  wheels, 
the  same  weight  for  the  same  speeds  and  loads,  the  only  advantage 
being  the  removal  of  the  hammer-blow  of  reciprocating  parts.  Should 
motors  be  placed  on  every  axle,  there  would  be  a  saving.  In  steam- 
railroad  practice  this  item  amounts  to  about  A%  of  the  total  cost  per 
train-mile  (see  Table  No.  11),  so  that,  should  there  be  a  saving  of  25.%, 
it  would  ecpial  about  1%  of  the  total  cost  per  train-mile. 

Maintenance  of  bridges  and  trestles  should  be  slightly  less  with  the 
use  of  electric  motors,  because  of  less  vibratory  effects;  maintenance 
of  masonry,  buildings  and  signals  would  not  vary  in  cost  with  change 
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of  system.  We  find  under  "maintenance  and  renewal  of  way  and  Mr.  Davis, 
works,"  that  there  are  no  items  exclusively  applicable  to  steam-loco- 
motive practice;  but  there  are  six  which  apply  to  electric  traction  only. 
This  arises  naturally  from  the  fact  that  these  items  occur  under  "first 
cost,"  and  must  be  maintained.  They  are:  maintenance  of  (4)  ground- 
return  circuit,  (5)  overhead-trolley  line,  or  third  rail,  (6)  electric  feeder 
lines,  and  renewals  to  (10)  poles  or  insulation  of  third  rail,  (11)  trolley 
or  third  rail  and  ground  return,  and  (12)  feeders.  The  maintenance  and 
renewals  of  these  constitute  an  increase  in  the  total  expenses  of  an 
electric  road  over  those  of  a  road  operated  by  steam. 

The  additional  expense  of  these  items,  on  the  basis  of  all  Massa- 
chusetts street  railways,  is  shown  in  Table  No.  11.  This  is,  of  course, 
not  strictly  accurate,  as  they  do  not  operate  under  like  conditions,  but 
the  figures  are  indicative,  so  that,  with  proper  consideration  of  this 
difference,  they  can  be  used: 

(e)    4.  Repairs  of  ground-return  circuit 0 .  50  per  cent. 

(e)    5.         "         "  overhead  trolley 1.12        " 

(e)    6.         "         "  feeder  lines 0.60        " 

(e)  10.  Renewal  of  poles  for  overhead  trolley 0.30        " 

e)  11.         "         "  overhead  trolley 0  20 

(e)  12.         "         "feeders 0.05 

Total 2.77 

The  probability  is  that  these  percentages  are  too  low  for  the  heavy 
powers  and  high  speeds  of  an  electric  road  operating  under  steam- 
railroad  conditions. 

The  next  division  is  that  of  (b)  "Train  Expenses."  The  relative 
consumption  of  coal  by  steam  locomotives  and  electric  motor  cars  or 
locomotives,  while  of  importance,  is  not  so  large  a  percentage  of  the 
operating  expenses  as  is  often  imagined.  As  a  rule,  the  attempt  to 
save  in  fuel  ace  ount  has  had  more  attention  on  electric  roads  than  was 
warranted,  and  has  been  made  at  the  sacrifice  of  other  and  more  im- 
portant items. 

Omitting  results  obtained  from  compound  locomotives,  the  records 
of  which  are  not  yet  as  extensive  as  those  for  single  expansion,  but 
which  should  show  an  average  saving  of  approximately  20%,  it  has 
been  found  that  in  steam-locomotive  practice,  of  the  character  we  are 
discussing,  the  coal  consumption  per  passenger-car-mile  (exclusive  of 
engine)  averages  about  6.5  lbs.  for  cars  weighing  20-25  tons  on  way- 
trains,  or  30-35  tons  on  through  trains,  and  that  about  an  average  of 
1  lb.  is  added  per  car-mile  for  each  6  tons'  added  weight  of  car.  The 
average  coal  consumption  of  a  passenger  engine  (say  40-45  tons)  is 
about  20  lbs.  per  locomotive-mile.  If  we  assume  six  cars  to  a  train,  as 
per  o\ir  example,  we  have  3.3  lbs.  per  car-mile  for  the  engine  and  9.8 
lbs.  per  car-mile  for  the  whole  train,  including  engine.  This  conforms 
to  present  avex*age  practice  of  steam  railroads. 
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All  Massachusetts  Street  Railways  (Rail- 
road Commission  Reports,  1899). 

Ordinary  division  of  items  in  total 
expenses. 

Total  expenditures. 
(In  nearest  $1  000. ) 
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(1) 
(a)  Maintenance   and    Renewal     of 
Way  and  Works: 
1.  Repairs  of  earthwork  to  sub- 

(••*) 

(3) 
Per  cent. 

(4) 
Cents. 

$1  103  000  includes  (1),  (3),  (4), 
(7),  (8),  (9),  (13). 

[-     9.3 

1  6 

3.  Repairs  of   fences,  crossings, 

(e)    4.  Repairs  of  ground-return  cir- 

(e)    5.  Repairs  of  electric  line  (third  \ 

rail  or  overhead  trolley)..  1 

(e)    6.  Repairs  of  feeder  lines 

286  000  includes    (G),    (10), 
(11),  (12),  (15). 

|      2.3 

0.4 

8.             "          ties 

9.            "         ballast 

(e)  10.             "          third- rail  supports 
or  poles  for  overhead  trolley 

(e)  11.  Renewal  of  third  rail  or  over- 

(e)  12.  Renewal  of  feeders 

13.  Repairs  of  masonry,  bridges, 

14.  Repairs  of  buildings 

91000 

0.7 

0.1 

280  000 

2.2 

0.4 

Totals 

$1  820  000 

14.5 

2.5 

(b)  Train  Expenses: 

is)    1.  Fuel  for  locomotives 

(e)    2.         "       central   power   sta-  t 
tions 1 

1  268  000     includes     (3),     (4), 
(14), (15). 

j-    10.2 

1.7 

3.  Water  supply 

4.  Oil  and  waste 

(s)    5.  Repairs   of    locomotives   and 

(e)    6.  Repairs  of  electric  motors  (car 
equipment) 

439  000 
727  000 

3.4 

5.8 

0  6 

7.  Repairs  of  passenger  cars 

1.0 

(s)    9.  Use  of  foreign  passenger  and 

(s)  10.  Locomotive  services  (wages). 

(e)  11.  Motorcar  services  (wages sim- 
ilar to  10  and  12  for  steam 
railroads) 

4  898  000  includes  (12). 

39.1 

(s)  12.  Passenger     train     services 

(s)  13.  Freight  train  services  (wages) 

(e)  14.  Repairs  of  central  power  sta- 

(e)  15.  Central  power  station  services 

Totals 

$7  32?  000 

58.5 

10.3 

t  Estimated. 
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of  Steam  and  Electkic  Eoads,  with  Items  in  Detail. 


Mr.  Davis. 
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Street   Railways  estimated 
from  Column  5. 

Proportion  of  percentage  of 
operating  expenses  of  steam 
railroads,  Column  4.    Esti- 
mated for  proposed  railroad 
from   Philadelphia  to  New 
York  (N.  Y.  &  P.  R.T.  R.R.), 
to  operate  in  30  to  35  min- 
utes  without    intermediate 
stops. 

Probable       compara- 
tive increase  or  de- 
crease  in    cost    of 
operation      by      a 
change    of    motive 
power  from  steam 
locomotives  to  elec- 
tric motors. 
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Metropolitan     Street 
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Per  cent. 
Increase. 

Per  cent. 
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Operati 
mile 
Railw 
York 

(5) 
Per  cent. 

1.5 

(*) 

Per  cent. 

0.20 
4.50$ 

0.02 

0.50 

1.12+ 

0.60+ 
2.50 
1.24 
0.30 

0.30+ 

0.20+ 
0.05+ 

0.04 
0.70 
0.03+ 
2.20 

(8) 

Per  cent. 

1.5 
5.0 

0.2 

2.0 
0.5 
1.0 

1.5 
2.0 
1.3 

Unaff 

(10) 
?cted. 

(11) 
Cents. 

8.2 
0.3 

0.20 

0.50 
1.12 

0.60 

0.29 

4.0 

1.8600 

1.3950 
0.4650 

1.50 

3.0 

Unaff 

1.0 

0.30 

0.20 
0.05 

2.0 

0.9300 

0.05 

2  0 

Lf  naff 

acted. 

0.06 

1  0 

0.13 

23.0 

14.50 

2.77 

1.55 

0.68 

s.o 

5.40 

0.30 
0.50 

1.0 
1.0 

2.60 

0.30 
0.50 

0.98 

0.6 

0.14 

1.0 

0.06+ 

6  0 

3.40 

5.80 

3.0 

0.20 

0.475 

3.0 

Unaff 

acted. 

1.285 

G  0 
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7.4 

39.10 
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Unaffected. 

6.46 
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- 

2.00 
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0.00 

0.33 

42.0 

58.50 

4.20 
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9.79 

t  Paving. 
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Mr.  Davis.  TABLE  No.  11  [Concluded). — Compakative  Opebating  Ex- 


Ordinary  division  of  items  in  total 
expenses. 


(1) 
(c)  Station,     Terminal,     Taxes    and 
General  Expenses: 

1.  Agents   and    station    services 

(wages) 

2.  Station  supplies 

3.  Telegraph 

4.  Taxes 

5.  General  officers  and  clerks 

6.  Legal 

7.  Insurance 

8.  Stationery  and  printing 

9.  Agencies  and  advertising 

10.  Contingent  and  miscellaneous, 

not  included  elsewhere) 


Totals. 


(d)  Accidents,  Loss  and  Damages: 
(s)    1.  To  freight 

2.  "  passengers 

3.  "  property  owned 

4.  "  "        not  owned 


Totals. 


(e)  Interest  Account   (discounts  and 
temporary  loans) 


t/i  Fixed  Charges: 

1.  Interest  on  honded  deht . 


2.  Rentals . 


Total. 
(gr)  Dividends 


All  Massachusetts  Street  Railways  (Rail- 
road Commission  Reports,  1899). 


Total  expenditures. 
(In  nearest  $1  000.) 


<») 


855  000 

625  000  includes  (2),  (8). 

119  000 

310  000 


827  000  includes  (1),  (3),  (9), 


$2  736  000 


645  000  includes  (3),  (4). 


$645  000 


523  000 


$1  3*1  000 
1  280  000 


$2  664  000 
2  076  000 


a  2 


(3) 
Per  cent 


6.8 
5.0 
0.9 
2.5 


6.6 


21.8 


5.2 


a. 


a>  a> 
p.  ft 
O 


(40 
Cents. 


1.1 
0.6 
0.1 
0.4 
0.2 


1.1 


0.8 


Total  17.1 
cents  per 
car-mile. 
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penses  or  Steam  and  Electric  Roads,  with  Items  in  Detail.  Mr.  Davis. 


Fair   average  percentage  in 
steam  railroad  practice. 

Percentage  of  operating  ex- 
penses    on     Massachusetts 
Electric  Street  Railways  by 
distributing    Column  2  ac- 
cording to  Column  4. 

Probable  average  percentage 
of   operating   expenses  all 
Massachusetts          Electric 
Street  Railways  estimated 
from  Column  5. 

Proportion  of  percentage  of 
operating  expenses  of  steam 
railroads,  Column  4     Esti- 
mated for  proposed  railroad 
from    Philadelphia  to   New 
York(N.  Y.cVL  P.  R.  T.  R.R.), 
to  operate  in  30  to  35  min- 
utes without    intermediate 
stops. 

Probable       compara- 
tive increase  or  de- 
crease  in    cost    of 
operation       by      a 
change     of   motive 
power  from  steam 
locomotives  to  elec- 
tric motors. 

ng  expenses  per  car- 
Metropolitan     Street 
\y    Company.       New 
City,  1899. 

Per  cent. 
Increase. 

Per  cent. 
Decrease. 

Operati 
mile 
Railw 
York 

(5) 
Per  cent. 

13.0 

(6) 
Per  cent. 

3.81 
2.08 
0.29 

Per  cent. 

0.09 
0.90 

(8) 
Per  cent. 

3.0 
0.5 
1.0 
3.5 
2.0 
0.5 
0.3 
0.2 
0.5 

6.5 

(9) 
Unaff 

(10) 
ected. 

Cents. 

3.0 

1.0 

3.5 

6.80 
3.80 
0.90 
2.50 
0.30 
0.01 

6.50 

3.5 

0.5 

2.44 

0.19 

0.3 

0.7 

0.48 
0.59 

1.91 

2.0 

6.5 

» 

0.76 

34.0 

21  80 

0.95 

0.3 

Unaff 

0.4 
0.2 
0.1 

2.97 
1.49 
0.74 

5.09 
0.10 
0.01 

0.4 
0.2 
0.1 

0.53 
Included  in  (2). 
Included  in  (2) . 

1.0 

5.20 

0.53 

Unaffected. 

Materially  affected,  es- 
timated from  5  ti )  15 "., 
or  more  increase. 
Unaffected. 

Total  11.95  cents 

( 

per  car-mile. 
|  

1 

i 
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Mr.  Davis.  Table  No.  12  shows  the  average  amount  of  dry  steam  used  per 
horse-power-hour  by  various  types  of  stationary  engines  under  dif- 
ferent conditions.  It  is  compiled  from  a  large  number  of  actual 
tests. 

TABLE  No.  12. — Steam  Consumption  in  Pounds  per   Horse-Power  - 

Hour. 


Type  of  engine. 

Steady  Load. 

Variable  Load  50 
to  125  Per  Cent. 

Extreme    Varia- 
tions—Railway 
Work,  Etc.,  0  to 
150  Per  Cent. 

Non-con. 

Con. 

Non-con. 

Con. 

Non-con. 

Con. 

32 
23 
25 

20 

17^ 

14^ 

28 
18 
21 
15 
13 
1% 

34 

25 

28 

22^ 

20 

17 

30 
21 
23 

18 
16 
15 

36 

27 

26 

31 

High-speed,  compound 

High-speed,  triple  expansion. 
Slow-speed,  triple  expansion. 

22^ 
23 

Tables  Nos.  13,  14  and  15  show  the  coal  consumption  per  car-mile 
on  electric  railways,  and  were  compiled  from  information  obtained  in 
1894-95.  Over  600  railways  were  communicated  with,  from  which  58 
have  been  selected  as  giving  the  most  accurate  results. 

Table  No.  13  gives  the  road  by  index  number,  the  State  where 
located,  the  car-miles,  kind  of  boilers,  engines  and  coal,  the  field  from 
which  coal  was  obtained,  the  long  tons  of  coal  used  in  the  given  fiscal 
year,  and  the  pounds  of  coal  consumed  per  ear-mile. 

Table  No.  14  gives  the  average,  highest  and  lowest  pounds  of  coal 
per  car-mile,  grouping  the  roads  by  territorial  sub-divisions  and 
kinds  of  coal,  with  the  number  from  which  the  averages  have  been 
calculated. 

Table  No.  15  gives  the  average,  highest  and  lowest  pounds  of  coal 
consumed  per  car-mile  for  different  classes  of  engine  plants,  with  the 
number  of  roads  from  which  the  averages  have  been  calculated. 

While  the  ton-mile  should  properly  be  the  basis,  yet  the  difficulty 
of  determining  the  number  of  ton-miles  has  led  to  the  adoption  of  the 
car-mile  as  the  best  practical  unit  of  comparison. 

Table  No.  12  shows  a  saving  of  36%"  between  the  high-speed  engine 
plant  running  non-condensing  at  36  lbs.  of  steam,  and  the  Corliss 
compound -condensing  at  23  lbs.  Table  No.  15  shows  that  the  high- 
speed engine  plant  averages  about  15  lbs.  of  coal  per  car-mile,  while 
the  Corliss  coinpound-condensing  averages  about  8  lbs. — a  saving  of 
46.%",  sufficiently  close  to  the  36%  given  above  to  indicate  that  the  coal 
tables  give  fairly  accurate  averages.     By  examining  the  coal  tables  we 
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are  led  to  the  conclusion  that  the  efficiency  of  each  system  is  approx-  Mr.  Davis, 
imately  the  same,  for  we  find,  in  general,  that,  where  the  number  of 
car-miles  is  high,  the  consumption  of  coal  per  car-mile  is  low.  In  the 
North  Central  and  Western  States,  where  coal  is  not  of  as  good  quality 
as  in  the  Eastern  States,  the  consumption  is  higher  (assuming,  as  Ave 
safely  can,  for  our  purpose,  that  the  economy  of  various  types  of 
boilers  is  practically  the  same) ;  with  roads  using  hard  coal  there  is  an 
apparent  higher  average  in  consumption  of  coal,  no  doubt  due  to  lower 
car-mileage  and  fewer  cases,  and  in  engine  plants,  as  more  economical 
apparatus  is  used,  the  coal  consumption  decreases.  It  would  seem, 
therefore,  that  we  are  correct  in  assuming  that  the  total  efficiency  of 
each  system  is  approximately  the  same,  though  varying  in  each  part 
that  goes  to  make  up  the  whole.  The  variation  from  25.9  maximum  to 
5  lbs.  minimum  shows  the  average  approximate  value  of  this  informa- 
tion. 

The  amount  of  coal  consumed  per  car-mile  is  dependent  upon  so 
many  conditions,  often  unknown,  that  this  amount,  in  any  given  case, 
cannot  be  used  to  predict  what  the  consumption  will  be  on  another 
road;  hence  the  importance  of  taking  a  large  number  of  cases  upon 
which  to  base  average  results,  which  may  then  be  considered  fairly 
reliable  for  the  determination  of  possible  results  in  any  new  case.  It 
will  readily  be  seen  that  the  amount  of  coal  consumed  per  car-mile 
depends  upon  the  tons  moved,  the  height  through  which  each  ton  is 
moved,  the  speed,  and  the  efficiency  of  the  entire  system.  The  first 
three  are  almost  impossible  to  obtain  on  any  large  number  of  roads 
from  the  ordinary  records  kept,  and  can  usually  be  secured  only  by 
specially  arranged  tests.  The  efficiency  of  the  system  depends  upon 
that  of  each  part,  such  as  the  boiler  plant,  engines,  condensers  and 
piping,  generators,  overhead  line,  ground-return,  track,  and  equip- 
ment. High  economy  in  all  but  one  part  of  the  system  might  cause 
the  pounds  of  coal  per  car -mile  to  be  high,  and  it  is  therefore  im- 
possible, without  special  test,  to  determine  accurately  the  cause  of 
low  efficiency  in  any  given  case.  By  taking  a  large  number  of  cases, 
and  eliminating  those  which  are  evidently  far  from  the  average,  we  get 
approximate  information  indicative  of  what  we  may  expect. 

From  Tables  Nos.  13,  14  and  15  the  average  coal  consumption  per 
car-mile,  under  the  best  conditions  of  electric  street-railway  practice, 
is  found  to  be  about  8  lbs.  The  average  weight  of  these  cars,  loaded, 
cannot  exceed  8  to  10  tons,  so  that  a  six-car  train  would  consume  48 
lbs.  per  train-mile  for  a  maximum  weight  of  GO  tons  and  average  speed 
certainly  not  exceeding  10  miles  per  hour;  Avhile  with  a  steam  train 
the  consumption  would  be  58.8  lbs.  per  train-mile  for  a  maximum 
weight  of  200  tons  and  average  speed  of  20  miles  per  hour.  If  we 
compare  with  compound  locomotives,  Fig.  10  is  of  considerable  in- 
terest.    It  indicates  even  a  greater  saving  than  20%  which  increases  as 
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Mr.  Davis.  TABLE  No.  13. 


Steam  Plant. 

Coal. 

Road. 

State. 

Miles. 

Boilers. 

Engines. 

a 

5 

Tons 

Coal  field.          '  ^1% 

lbs.) 

s? 

a  « 

Is. 

North  Atlantic  States  (As  per  U.  S 

.  Census— 1890). 

56  E 

Massachusetts. 

Ohio 

Connecticut. . . 

New  York 

New  Jersey 

Pennsylvania. . 

116  926 
196  824 
16  794  961 
917  956 
873  177 
226  123 
1  378  518 
146  000 

819  000 

2 162  134 

637  290 

199  290 
350  000 
295  325 
7  164  258 
137  970 
4  558  136 

73  377 
247  482 

87  923 
149  730 
600  000 
514  989 
400  648 

V.  T. 
R.  T. 

V.C. 
C.C.C. 

S. 

s. 
s. 
s. 
s. 
s. 
s. 
s. 

s. 

H 

508 

939 

52  878 

2  201 

2  262 
504 

3  189 

9  7 

42  E 
65  E 

Georges  Creek,  Md. . 

10.7 
7  0 

189  .E 
74  # 

W.  T. 

H.S.C.C. 

Georges  Creek,  Md. . 

5.4 

5  8 

451  £ 

R.  T. 

C.C. 

5  0 

308  £ 

5  •?, 

802  £ 

V.  T.   1 
R.  T.   ( 
V.  T. 
W.  T. 
VV.  T. 

W.  T. 
W.  T. 
R.  T. 
W.  T. 
V.  T. 

H.S.C. 

V.C.C 
V.C. 

H.S.C.C.   I 
C.C.C.        f 

1  000,15.3 

398  # 

2  176'  5.9 

78  jE7 

8  758    9.1 

249  E 

s. 

s. 
s. 
s. 

s. 
11 

5  100  17.9 

214  E 

1  460  16.4 

281  E 

181  £ 

80  E 

724  E 

H.S. 
V.C.C. 
V.C.C. 
H.S. 

Reynolds,  Pa 

Reynoldsville.  Pa 

1  200    7.7 

682!  5.2 

23  5971  7.4 

1  460123.7 

609  £ 

s. 
s. 
s. 
s. 
s. 
II. 
11. 
s. 

H. 
H. 

19  043    9.3 

842  E 

R.  T. 

H.S.C.C. 

640  19.5 

(ins  /.; 

1  13010.2 

90  E 

55S^ 

R.  T. 
R.  T. 
V.  T. 
R.  T. 
W.  T. 

H.S. 
H.S. 
V.C. 

c. 

H.S.C. 

H.S. 

C.C. 

387!  9.8 
1  231  IS. 4 

229  E 

211  E 

54E 

Hazleton,  Pa 

Girardville,  Pa 

3  600,13.4 

2852! 12. 4 
1.6971  9.4 

580  E 
103  E 

501  400 
833  000 

W.  T. 

R.  T. 

Schuylkill  Co.,  Pa... 
Likeh's  Valley,  Pa. .. 

2  250,10.0 

3  000    8.1 

North  Central  States  (As  per  U.  S.  Census— 1890). 


648  E 
150  E 
576  E 
220  E 
222  E 
107  E 
43  E 

256  E 
250  E 
594  E 


170  E 
148  E 
257  E 
648  E 
825  E 
743  E 
53  E 
295  E 


Missouri. 
Ohio 


Indiana. 
Illinois. . 


Wisconsin..., 


2  021  938  V.  T. 

449  680 

331  000  |R.  T. 

363  040;R.  T. 

319  345  V.  T. 
1  514  892  W.  T. 

530  000  \V.  T. 

425  000  R.  T. 
150  000  R.  T. 
515  000  W.  T. 


Minnesota.. . .     1  1313  188  W.  T. 


Iowa. 

Missouri. 


Nebraska 


1  549  060  V.  VV.  T. 
223  180  R.  T. 

2  021  938 

395  650  R.  T. 

:>,-^  995  R.  T. 

1IIIMMK)  R.  T. 

1  145  15S    1  V.  T. 
I  R.  T. 


C. 

C. 

H.S. 

C. 

C. 

C.C. 

H.S.C. 

H.S.C.C. 

C. 

H.S. 

V.C.C. 

H.S.C.C. 

C. 

C.C.C. 

H.S.C. 

H.S. 


C. 

C. 

H.S. 

H.S. 

HS.C. 


Illinois 

Jackson  Co..  Ohio. 
Wellston,  Ohio 


Illinois  and  Indiana. 
Streator,  111 , 


Duquoin,  III... 
Pittsburg,  Pa. 


Viclo,  111 

Pittsburg.  Kan. 


s. 
s. 

S. 

S.  [Iowa  and  Missouri. 


Crawford  Co.,  Kan. 

Pittsburg,  Kan 

Kansas 


16  670  18.5 
2  555  12.7 

1  500  10.1 

2  300  14.2 

3  140  22.0 
9  0S!)  13.3 

4  40018.6 

3  50018.4 

1  500  22.4 

2190i  9.5 

5  510  10.9 
11400  18.5 

2  090  21.0 
16  670  18.5 

2  150  12.2 

1980111.7 

800J17.9 

9  802  19.2 
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TABLE  No.  13— (Concluded).  Mr.  Davis. 


Steam  Plant. 

Coal 

Road. 

State. 

Miles. 

Boilers. 

Engines. 

•6 

a 

5 

Coalfield. 

Tons 
used. 
(2  240 
lbs.) 

=  a 

a  o 
3  u 
O  oi 
Ph  P. 

South  Atlantic  States  (As  per  U.  S.  Census— 1890). 


D.  of  Columbia 


811  E 
809  £ 
813  £ 


128  E  Georgia. 


534  000 
365  000 

528  500 


V.  T. 
R.  T. 
W.  T. 


1550  W.  T. 


H.S. 
C. 

H.S. 
H.  S.  C. 
H.S. 


Cumberland.  Md 

W.  Virginia 

Alabama 


1800 

1  500 

2  030 


7.5 
9.2 


14.5 


Western  States  (As  per  U. 

S.  Census— 1890). 

157  E 

901  E 
463  E 

660  E 

704  E 

Utah 

Washington.. 

3  451 136  TJ   T 

C.             / 
H.S.           \ 
H.S. 

C.C.           1 
H.S.C.       , 
H.S. 

H. 

S. 
S. 

s. 

s. 
s. 
s. 

25  000 

1350 
838 

3  328 

1825 
2  436 
1250 

1fi  2 

138  375 
201  890 

658  416 

157  832 

R.  T. 
R.  T. 

R.  T. 

21  8 

(  Rock  Spring,  Wyo. . 
)  Pleasant  Valley,  U'h 
1  Rock  Spring,  Wyo. . 
1  Pleasant  Valley,;U'h 

9.3 

11.3 
25.9 

457  E 

923  694 

R.  T. 

C.C. 
H.S.C.C. 

5.9 

751  E  '        '* 

424  529  iTf    T. 

6.6 

Canada. 

796  E  Br.  Columbia 

381400 
6  212  045 

4  888  486 

R.  T. 
W.  T.  1 
R.  T.   i 

F. 

C.C.C. 
C.C.C.       i 
H.S.C.C.   f 
C.C.C. 

S. 
S. 

s. 

1200 
18  535 
16  456 

7.0 
6.7 

364  E  Quebec    ,       , 

Cape  Breton,  N.  B 

7.5 

See  note  under  Table  No.  15,  for  explanation  of  abbreviations. 

the  speed  rises.  Average  practice  gives  about  5.5  lbs.  of  coal  per 
I.  H.-P.  per  hour  in  single-cylinder  steam  locomotives,  but  the  char- 
acter of  the  service  makes  it  likely  to  have  enormous  variations,  in  any 
given  run.  At  times  this  figure  is  very  much  exceeded,  and  also  often 
falls,  under  favorable  conditions,  to  4.5  lbs.  The  conditions  which 
produce  such  large  fluctuations  in  steam-locomotive  service  do  not 
exist  in  the  central  power  station  of  an  electric  road.  In  the  latter 
case  we  cannot  safely  figure  on  less  than  about  2|  lbs.  of  coal  per 
I.  H.-P.  per  hour.  This  may  be  reduced  in  exceptional  cases,  but  will 
more  often  be  exceeded.  Apparently,  this  is  a  decided  saving  in  favor 
of  the  electric  road,  but  it  is  only  apparent.  Let  us  assume  the  follow  - 
ing  efficiencies,  which  are  fair  averages:  Engine,  90%;  dynamos,  90%; 
line,  80%;  and  railway  motors,  75  per  cent.  In  considering  these 
figures  it  must  be  remembered  that  most  of  the  time  the  larger  part  of 
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Mr.  Davis.  TABLE  No.  14. — Averages.     Number  of  Roads  and  Aveeage  Pounds 

Per  Car-Miee. 


Locality. 


Pounds  Per  Car-Mile. 


Highest.       Lowest.    |    Average. 


All  Roads. 


26 
4 

18 
7 
3 

23.7 
14.5 
22.4 
25.9 
7.5 

5.0 
7.5 
9.5 
5.9 
6.7 

10  65 

South          "           "       

9.95 

15.97 

13.86 

7.2 

58 

12.46 

Roads  Using  Soft  Coal. 


20 
4 

18 
6 
3 

19.5 
14.5 
22.4 
25.9 
7.5 

5.0 
7.5 
9.5 
5.9 
6.7 

10.01 

South          "           " 

9.95 

15.97 

13.46 

7.2 

51 

10.38 

Roads  Using  Hard  Coal. 


6 

'i 

23.7 

8.1 

12.78 

South          "           "       

16.20 

Totals  and  averages 

7 

13.27 

See  note  under  Table  No.  15,  for  explanation  of  abbreviations. 
TABLE  No.  15. — Averages  (as  Per  Grouping  of  Engines). 


No.  of 
Roads. 

Pounds  Per  Car-Mile. 

Engine  Plant. 

Highest. 

Lowest. 

Average. 

C 

9 
7 
7 
13 
3 
3 

22.0 
13.4 
10.9 
23.7 
16.5 
19.5 

9.0 
5.0 
5.2 
7.5 
9.4 
5.4 

14.5 

C.  C 

9.2 

C.  C.  C 

H.  S...               

8.0 
15.0 

13.7 
10.5 

Note.— The  following  abbreviations  are  used  in  Tables  Nos.  13,  14  and  15. 


F. 
V.  T. 

R.  T. 
W.  T. 


=  Flue. 

—  Vertical  tubular. 
=  Return        " 
=  Water  tube. 


V.  W.  T.  =  Vertical  water  tube. 


C. 
C.  C. 


( '.  .rliss. 


condensing. 


C.  C.  C.       =  Corliss  compound-condensing. 

H.  S.  =  High-speed. 

H.  S.  C.       =  "  condensing. 

H.  S.  C.  C.  =  "  comp'd-condensing 

S.  =  Soft  coal. 

H.  =  Hard  " 
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the  system  is  running  considerably  below  its  rated  maximum  point  of  Mr.  Davis, 
economy;  some  engineers  might  place  motors  at  80%,  making  the 
combined  efficiency  of  the  entire  system  about  48. 6  per  cent.  It  there- 
fore appears  that,  for  a  given  average  horse-power  required  at  the 
driving-wheel  to  move  trains,  double  that  amount,  or,  for  safety,  even 
more,  must  be  placed  in  the  central  power  station,  making  the  coal 
consumption  5.1  lbs.  per  I.  H.-P.  per  hour  at  the  motor  car,  which  is 
but  little  better  than  the  average  of  single- expansion  steam-locomotive 
practice,  while  if  compared  with  compound  locomotives  (4.4  lbs.)  it  is 
higher.  It  must  be  remembered,  however,  that  we  have  been  compar- 
ing   the     best     electric 


Steam  Consumption  of  Baldwin 
Locomotives  at  Various  Speeds. 


railway   results    at    low 
speeds  and  light  weights 
with  average  practice  in 
steam    locomotives      at 
high   speeds  and  heavy 
weights;  and,  while  the  | 
efficiency  of  present  elec-  t 
trie  railways  is  probably  £ 
less   than   if  they    were  ^ 
operated  under  railroad  t 
conditions,     it     is     im-  | 
probable    that   this   ad-  | 
vantage  would  compen-  = 
sate     entirely     for     the  §, 
higher       speeds         and  = 
weights  which  would  be  g 
moved   under   such  cir-  | 
cumstances.  3 

It  is  interesting  to 
note,  as  bearing  on  this 
subject  and  as  addi- 
tional indication  of  the 
correctness  of  our  posi- 
tion, that  a  steam  road, 
from  which  the  writer  has  data,  using  over  200  000  tons  of  coal  per 
annum  and  operating  over  42  000  000  car-miles,  consumes  about  11  lbs. 
of  coal  per  car-mile  in  its  locomotives.  Remembering  that  the  weight 
moved,  in  this  case,  is  considerably  more  than  double  per  car  (exclu- 
sive of  other  conditions),  and  that  small  detached  steam  plants  are 
used,  running  high  pressure  and  single  expansion,  this  is  strong 
corroborative  evidence.  Turning  to  Table  No.  16  we  find  that  the  cost 
per  train -mile  on  the  railroads  of  the  New  England  States  is  about  95 
cents,  or  19  cents  per  car-mile;  this  includes   freight  trains,  which,  if 

*  The  diagram,  Fig.  10.  is  taken  from  a  paper  by  Mr.  S.  M.  Vauclain.  before  the  Sr 
Louis  Railroad  Club,  November  11th,  1898. 
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Mr.  Davis. 
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Mr.  Davis,  eliminated,  would  reduce  the  cost  per  train-mile  and  car-mile  for 
passenger  trains.  Electric  railways  in  the  New  England  States  operate 
at  an  average  of  16.52  cents  per  car-mile.  We  also  see  from  Table  No. 
11  that  the  average  cost  of  fuel  for  locomotives  is  8%  of  the  total  cost 
per  car-mile  (passenger  and  freight),  while,  for  central  power  stations, 
it  is  5.4  per  cent.  Combining  these  figures  and  allowing  for  the  use 
of  compound  locomotives  (but  making  no  deduction  for  freight  trains) 
we  have  1.29  cents  per  car-mile  for  locomotive  fuel  and  0.89  cent  per 
car- mile  for  central  power  stations.  The  difference  of  31,%,  apparently 
in  favor  of  the  electric  system,  in  the  light  of  the  foregoing  data,  is 
due  undoubtedly  to  light  weights,  low  speeds  and  including  freight 
trains  (say  30  cars  per  train)  in  the  steam-railroad  estimate  of  cost  per 
car-mile,  and  which  would  certainly  disappear  under  steam-railroad 
conditions. 

The  cost  of  coal  would  depend  largely  upon  the  amount  of  power 
necessary  to  operate  a  given  road;  for  the  larger  the  power  and  more 
frequent  the  trains  the  greater  the  saving  by  the  use  of  electric 
traction.  Many  central  stations,  assumed  to  produce  a  horse-power 
at  lower  cost  than  by  smaller  units,  really  do  not,  mostly  due  to  the 
fact  that  so  large  a  j^art  of  such  a  station  is  idle  many  hours  of  the 
day;  and,  although  at  their  maximum  point  of  economy  they  are  far 
ahead  of  small  units,  the  question  at  issue  is  not  "  the  cost  of  a  horse- 
power at  the  station,"  but  "  the  cost  of  a  horse-power  at  the  rim  of  the 
driving  wheels."  The  cost  of  this  last-mentioned  horse-power  for 
electric  traction  is  not  only  made  up  of  station  expenses,  but  also  line 
expenses  and  electrical  equipment  expenses,  when  compared  with  the 
cost  of  the  same  horse-power  produced  by  a  steam  locomotive.  When 
these  facts  are  taken  into  consideration  it  is  invariably  found  that  the 
controlling  factor  is  the  headway  of  trains;  the  less  the  headway,  the 
more  chance  for  electric  traction  to  pay,  and  vice  versa,  so  far  as  the 
cost  of  a  horse-power  at  the  rim  of  the  driving  wheel  is  concerned,  as 
affected  by  the  amount  of  fuel  burned.  The  figures  given  show  this 
clearly. 

The  cost  of  handling  coal  would  be  substantially  the  same  with 
either  system,  as  there  would  be  only  one  coaling  station  in  either 
case.  The  cost  of  water  would  undoubtedly  be  greater  in  steam-loco- 
motive practice,  where  it  must  be  supplied  at  various  points  along  an 
extended  line;  but  on  short  suburban  roads,  to  which  our  discussion 
is  limited,  the  steam  locomotive  could  make  a  round  trip  without 
requiring  water,  or  would  have  to  be  supplied  only  at  each  end  of  the 
line;  and,  as  the  central  power  station  would  use  much  more  water  on 
account  of  larger  horse-power  and  the  use  of  condensing,  it  is  hardly 
likely  that  there  would  be  any  great  difference  between  the  systems. 
The  use  of  oil  and  waste  on  the  motor  cars  should  be  much  less  than 
that  which  is  necessary   for  the  proper  care  of  steam  locomotives; 
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TABLE  No.    17.  Mr.  Davis. 

Case  1,  Fig.  11. 

(a)  Unlimited  amount  of  water  power. 

(b)  Two  sources  of  power,  each  100  miles  from  the  line  of  railway  (85  miles  long) 

and  dividing  the  same  into  J4i  Yz  and  J4- 

(c)  Development  of  these  water-powers  to  cost  no  more  than  eleven  power  stations 

in  Case  2  (this  is  highly  unlikely,  but  favors  Case  1  as  against  Case  2). 

(d)  Three-phase  alternating  current  of  20  000  volts  to  be  used  from  source  of  power 

to  sub-stations,  and  1  000  volts  direct  current  from  sub-stations  to  railway 
motors  (this  favors  Casel  as  against  Case  2). 

(e)  Sections  8.5  miles  long  (44  892  ft.). 

(/)  Sub-sections  11  223  ft.  long,  30  in  all,  each  with  a  sub-station  rotary -transformer 

plant. 
(g)  Three  tracks,  minimum  headway  on  each,  three  minutes:  trains  of  five  cars 

each,  being  8.5  miles  apart. 
(h)  Each  train  will  require  not  more  than  10  000  I.  H.-P.  at  the  stations,  under  eco 

nomical  conditions. 
(i)   Each  sub-station  an  economical  rating  of  20  000  I.  H.-P. 
(J)  In  either  ease,  feeder  lines  along  the  line  of  railway  equal  each  other  (this  also 

favors  Case  1  as  against  Case  2). 
(fc)  All  other  conditions  to  be  the  same  as  assumed  in  a  previous  article  by  the 

writer.* 
Case  2,  Fig.  12. 

(a)  Eleven  power  stations,  one  for  each  section  and  one  at  each  end  of  the  line,  8.5 

miles  apart,  each  supplying  current  to  3  sub-stations  with  rotary  transform- 
ers—sub-stations  2.125  miles  apart. 

(b)  Cost  of  the  eleven  power  stations,  each  30  000  I.  H.-P..  economical  rating  to 

equal  the  cost  of  developing  water  powers  in  Case  1  (favoring  Case  1  as 
against  Case  2). 

(c)  Three-phase  alternating  current  of  10  000  volts  from  power  stations  to  sub-sta- 

tions, and  1  000  volts  direct  current  from  sub-stations  to  railway  motors  (this 
favors  Case  1  as  against  Case  2). 

(d)  All  other  conditions  similar  to  e,  /,  g,  7(,  i, .;'  and  k,  of  Case  1. 

*  "  The  Enormous  Possibilities  of  Rapid  Electric  Travel."  Engineering  Magazine, 
1897. 

electric  motors  can  have  their  wearing  parts  run  in  oil  boxes,  which 
are  a  protection  against  dust  and  dirt,  and  automatically  lubricate 
the  surfaces  subjected  to  friction,  but  this  cannot  be  done  in  the  case 
of  steam  locomotives.  This  saving  in  an  electric  system  is,  however, 
counterbalanced  by  the  use  of  oil  and  waste  in  the  central  power 
station,  so  that  it  is  unlikely  that  there  would  be  much,  if  any,  differ- 
ence. The  figures  in  Table  No.  11  indicate,  however,  that  there  is  a 
saving  of  about  50.%"  in  each  of  these  items  as  compared  with  steam 
railroad  results. 

Thus  far  we  have  considered  an  electric  line  with  power  stations 
located  adjacent  to  the  track  and  with  the  usual  500-volt  direct-current 
system.  If  a  cheap  source  of  power  (waterfall),  located  at  a  distance, 
with  the  power  transmitted  to  the  line,  will  reduce  operating  expenses 
below  what  they  would  be  by  the  assumed  method,  then  this  saving 
can  be  compared  to  the  results  of  a  steam  railroad;  but,  should  the 
reverse  be  true,  the  latter  comparison  is  unnecessary.  An  example 
will  best  bring  out  the  facts,  and,  while  the  case  is  hypothetical,  a 
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Mr.  Davis,  careful  examination  of  the  figures  will  satisfy  one  that  the  conclusion 
is  correct,  whether  or  not  the  estimates  in  themselves  are  considered 
accurate. 

Fig.  11  shows  the  layout  of  a  railroad  and  feeder  lines  utilizing  a 
cheap  source  of  power  (Case  1),  while  Fig.  12  shows  one  for  which 
power  is  generated  by  steam  plants  along  the  line  of  the  road  (Case  2). 

Assume  the  conditions  shown  in  Table  No.  17. 

From  Figs.  11  and  12  it  will  be  seen  that  the  track,  third  rail, 
direct-current  feeders,   sub-stations,    etc.,   will  be  the  same  in  both 


Fig.  11. 
cases.      The  amount  of  copper  in  the  high-voltage  sub-feeders  in  Fig. 

11,  which  run  from  the  point  where  the  transmission  line  strikes  the 
road  to  the  sub-station  either  way,  would  be  greater  than  that  in  the 
high-voltage  lines  from  the  power  stations  to  the  sub-stations  in  Fig. 

12.  The  main  point  to  consider,  however,  is  the  high-voltage  trans- 
mission lines  themselves  (Fig.  11)  from  the  water-powers  to  the  point 
where  they  strike  the  line  of  the  railroad.  Under  the  above  conditions, 
if  the  interest  on  the  additional  investment  for  these  transmission  lines 
from  the  "  cheap  source  "  of  power  to  the  railway  line  in  Case  1  exceeds 
the  difference  between  Case  2  and  Case  1  in  cost  of  power  delivered  to 
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the  sub-station  supply  feeders,  then  it  is  unprofitable  to  utilize  the  Mr.  Davis. 
"  cheap  source  "  of  power. 

Our  calculations,  therefore,  can  be  confined  to  the  cost  of  the  two 
transmission  lines  in  Case  1,  each  100  miles  long,  from  the  two  sources 
of  water-power  to  the  line  of  railway,  and  the  difference  in  the  cost  of 
producing  power,  at  the  sub-station  supply  feeders.  If  the  interest  on 
the  former  exceeds  the  difference  in  the  latter,  then  it  is  unprofitable 
to  use  the  "  cheap  source  "  of  power. 

In  making  the  calculations,  every  care  has  been  taken  to  be  fair  to 
the  distant  source  of  power,  and  wherever  then  is  any  room  for  doubt, 
the  "cheap  source  "  has  been  given  the  benefit. 


■  POWER  STATIONS 
•            SUBSTATIONS 
SUB  FEEDERS  (HIGH  VOLTAGE) 


SCALE  OF  MILES 


Philadelphia 


Fig.  12. 


The  calculation  of  the  pounds  of  copper  necessary  is  as  follows: 
Circular  mils  _  Current  x  Distance  in  feet  x  20 

(Diameter  of  wires  squared) 


Current  = 


Volts  lost  in  line. 
Watts  Horse-Power  X  746 


V  Voltage  of  transmission. 

Pounds  of  copper  =  0.016  X  circular  mils  x  miles. 
Therefore, 

Pounds  of  copper  =  1  262  000 
Horse-Power  X  miles2 
(Voltage  of  transmission)  X  (Loss  in  volts). 
For  100  miles  transmission  at  20  000  volts,  and  a  loss  of  voltage  in 
the  line  of  20%,  or  4  000  volts  the  formula  becomes: 

Pounds  of  copper  =  158  x  Horse-Power. 


910  DISCUSSION  OX  ELECTRICITY  VS.  STEAM  FOR  RAILR  >ADS.[Papers. 

Davis.  This  is  correct  for  direct  current.  For  alternating,  the  inductive 
loss  would  increase  the  amount  of  copper  required  to  obtain  the  same 
total  percentage  loss,  or,  if  the  same  amount  of  copper  were  used,  would 
increase  the  total  percentage  loss.  At  the  same  time  there  would  be  a 
saving  due  to  the  three-phase  wiring  system,  which  would  partly  coun- 
terbalance the  loss  due  to  induction.  The  actual  formula  would  have 
to  be  deduced  for  each  special  case  of  wiring,  but,  on  the  whole,  the 
above  formula,  used  directly,  is  sufficient  for  our  purpose.* 

As  the  horse-power  to  be  transmitted  equals  412  500  at  20%"  loss 
(330  000  H.-P.  delivered  at  the  railway  line),  the  total  amount  of 
copper  necessai-y  is  65  175  000  lbs. 

We  therefore  make  the  comparison  shown  in  Table  No.  18. 

TABLE  No.   18. 

Case  1.  Case  2. 
Allowable  loss  in  pressure  from  water-powers  to  railway 

line 20%"        

Total  horse-power  to  be  delivered  to  railway  line  at  supply 

feeders  of  sub-stations .330  000  330  000 

Total  horse-power  at  source  of  power 412  500  330  000 

Number  of  power  stations 2  11 

Total  horse-power  at  each  power  station 206  250  30  000 

Total    distance    power  is    transmitted   from   each   station 

(miles) 100  0 

Pressure  at  source  of  power  (volts) 20  000  10  000 

•'  railway  line  ( volts') 16  000  10  000 

lost  in  line 'volts) 4  000  0 

Number  of  sub-stations  supplied  from  each  source 15  3 

Average  length  of  sub-feeders  (miles) 10.625  4.25 

Number  of  sub-stations  in  each  group  of  sub-feelers 7.5  3 

Pounds  of  copper  in  transmission  line 65  175  000  0 

To  the  total  cost  of  transmission  line,  amounting  to  $25  000  000  (in 
round  numbers),  should  be  added  the  additional  cost  of  developing 
the  two  water-powers  to  412  500  H.-P.  as  against  330  000  H.-P.  in  the 
eleven  steam-power  stations  along  the  railway  line.  There  should  also 
be  added  the  additional  cost  of  feeder  lines  from  the  two  railway  ter- 
minals of  the  transmission  lines  to  the  sub-stations,  as  against  the  cost 
of  feeders  from  the  steam-power  stations  to  the  sub-stations.  While 
these  two  items  would  undoubtedly  amount  to  several  million  dollars 
in  the  case  under  discussion,  we  have  omitted  them,  owing  to  the  dif- 
ficulty of  estimating  the  former  without  accurate  surveys  of  special 
localities  to  be  developed;  their  omission  favors  Case  1.  So  far,  we 
have  an  excess  in  first  cost  of  825  000  000  against  Case  1  as  compared 
with  Case  2. 

D  X  W 
*The  correct  formula  is:  Circular  mils  =  -^ —    x  K; 

where  D  —  distance  one  way  in  feet, 

W  —  total  watts  delivered  to  consumer, 
P  =  percentage  of  loss  in  line  of  It", 
A'  =  1  690, 
and  E  =  potential  between  conductors  at  consumers'  end  of  line. 
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Table  No.  19  is  an  estimate  of  the  cost  of  our  proposed  transmis-  Mr.  Davis, 
sion  line. 

TABLE  No.   19. 

Right-of-way— two  strips  100  ft.  wide  and  100  miles  long  =  about  2  500 

acres  at  SI  000  average 82  500  000 

Engineering,  2 "..  on  S15  000  000 300  000 

Clearing  600  acres  at  8100 60  000 

Bridges,  viaducts,  or  submarine  cables,  say  (an  approximate  estimate).  1  500  000 

Fencing 200  000 

Crossings,  say  120  at  SI  0  >0 120  000 

Signals  for  guarding  and  repairing  200  miles  at  SI  000 200  000 

Telegraph.  200  miles  at  SI  000 200  000 

Narrow-gauge  repair  track  and  equipment.  200  miles  at  85  (WO 1  000  000 

Feeders.  65  175  0  JO  lbs.  at  15  cents  in  place 9  780  000 

Pole  line.  1 1  000  poles  set  in  concrete  at  §100  each 1  100  000 

Discount  on  825  000  000.  3  V  100-year  bonds 1  250  000 

Interest  on  bonds  to  opening  of  road,  say  10  years  of  construction, 

averaging  82  500  000  per  annum  at  3% 4  125  000 

Taxes  to  opening  of  road,  assuming  14  assessment  and  2„  rate 1  375  000 

Office  expenses,  salaries,  etc.,  to  opening  of  road,  2°<  on  Slo  000  000 300  000 

Contingent,  etc..  not  itemized,  to  opening  of  road,  5.2 1  300  000 

Total  cost S25  310  000 

Table  No.  20  is  a  comparison  of  the  running  expenses  under  the 
two  conditions,  based  upon  the  calculations  in  '•The  Enormous  Pos- 
sibilities of  Eapid  Electric  Travel,"  already  referred  to,  the  items 
being  given  in  percentages  of  the  total  cost  per  car-mile  run,  and 
being  reasonable  averages  (Table  No.  11,  Column  7). 

TABLE  No.  20.* 

Case  1.  Case  2. 

Repairs  of  N.  G.  track  on  transmission  line,  right-of-way  ...            1 .0,V  

Repairs  of   fences,  crossings,   etc..   on  transmission    line. 

right-of-way 0.1%  

Repairs  of  feeder  lines  on  transmission  line,  right-of-way  . .            6.0'i  

Renewals  of  poles  and  insulation  on  transmission  line,  right- 
of-way l.">  

Renewals  of  feeder  on  transmission  line,  right-of-way 1.0?o  

Repairs  of  bridges  and  trestles  on  transmission  line,  right- 
of-way "■'■'•  

Repairs  of  buildings  on  transmission  line,  right-of-way 0.1  V  

Repairs  of  signals  and  telegraph  on  transmission  Hue.  right- 
of-way  0.6  

Fuel  for  power  stations s .  I ' 

Water  supply 1.0",. 

Oil  and  waste 0.5  1.0 

Repairs  of  power  stations 2.0  4.0Jj 

Power  station  wages 2. 11  4.0 

Average  horse-power  developed  at  source  of  power 412  500  330  000 

Total  car-miles  per  annum 43  435000  43435000 

Total  cost  per  car-mile 15  cts. 

Add  for  excess  power  developed  by   water-powers   (25     1 

say 3.0V  

*  All  other  items  being  the  same,  the  reader  is  referred  to  the  other  articles  men- 
tioned in  this  discussion. 
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Mr.  Davis.  From  Table  No.  20,  it  is  seen  that  the  items  added  to  the  cost  per 
car-mile  by  the  use  of  water-powers  located  100  miles  away  about  bal- 
ance the  greater  cost  of  fuel,  water,  oil  and  waste,  repairs  to  power 
stations,  and  power-station  wages,  where  the  stations  are  located 
close  to  the  tracks  and  operated  by  steam  power  (each  amounts  to 
18  per  cent.).  Hence  the  total  expenses  would  be  practically  the  same 
for  each  case.  As  the  transmission  lines  cost  $25  000  000,  the  interest 
thereon  is  the  total  increase  in  the  expense  of  utilizing  the  water- 
powers  instead  of  steam-power  plants.  This  interest  may  be  figured 
at  3%  ($750  000),  4%  ($1  000  000),  5%  ($1  250  000),  6%  ($1500  000),  or 
even  10%  ($2  500  000),  as  the  case  may  require,  or  good  judgment  dic- 
tate. The  use,  therefore,  of  these  supposed  water-powers  would 
decrease  the  earning  capacity,  instead  of  increasing  it. 

Let  us,  for  the  moment,  assume  that  our  calculations  of  the  operat- 
ing exrjenses  with  the  use  of  water-powers  is  inaccurate,  that  in  many 
of  the  items  there  is  a  greater  saving,  and  that  those  having  no  counter- 
part in  the  other  column  can  be  reduced  materially. 

TABLE  No.  21. 

Saving  in  Cents  per  Car-mile  which 

must  take  place  to  allow  the 

investment. 

5.81 
3.68 
2.90 
2.32 
1.74 

But  18%*  (total  of  percentage  items  in  former  table)  of  15  cents 
(assumed  cost  per  car-mile)  equals  2.7  cents;  so  that,  at  the  five  interest 
rates,  we  can  afford  to  have  our  figures  wrong  by  the  percentage  shown 
in  Table  No.  22. 

TABLE  No.  22. 

With  interest  at  10%  —  266%  of  18%  =  (38%  of  total) 
«    6%  — 133%  "     "     =  (24%  "     "    ) 
"    5%  — 105%  "     "     =(19%  "     "    ) 
«    4%  —    83%  "     "     =  (15%  "     "    ) 
"    3%-    64%  "     "     =(11%  "     "    ) 
It  is  unlikely  that  we  have  made  any  such  error  as  would  be  neces- 
sary to  show  that,  even  with  money  wrorth  only  3%,  it  wrould  pay  to 
utilize  the  water-powers  in  the  case  we  have  discussed.     Furthermore, 
we  have  favored  Case  1  in  every  way,  and  more  especially  by  compar- 
ing a  20  000- volt  system  with  one  of  10  000  volts. 

Had  we  used  higher  voltages  on  our  transmission  line,  the  copper 
would  have  cost: 

At    50  000  volts  63  x  H.-P.  =  10  310  000  lbs.  $1  555  000. 
100  000     "      25  x  H.-P.  =    2  600  000    "  390  000. 


Interest. 

Car-miles. 

Total  Interest. 

10% 

43  435  000 

$2  500  000 

6% 

cc 

1  500  000 

5% 

n 

1  250  000 

4% 

(( 

1  000  000 

3% 

a 

750  000 
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By  using  higher  voltages  some  items  of  the  first  cost  would  be  re-  Mr.  Davis. 
duced  slightly,  but,  as  these  constitute  more  than  60%  of  the  total  cost, 
whereas  copper  constitutes  less  than  40%",  a  reduction  in  the  latter  in- 
creases the  percentage  of  the  former,  although  reducing  the  actual 
amount.  Using  100  000  volts,  the  first  cost  would  not  be  less  than 
$10  000  000;  the  interest  on  this  at  3%  equals  $300  000,  and  the  corre- 
sponding saving  per  car- mile  Avhich  rnust  take  place  to  allow  this  in- 
vestment equals  0.7  cent;  therefore  25%  of  18%  (4.6%  of  total)  can  be 
allowed,  even  in  this  case,  for  errors  in  our  calculation. 

The  case  we  have  discussed  shows  conclusively  that  it  would  not 
pay  to  utilize  the  water-powers.  But,  it  may  be  said,  this  covers  only 
one  problem.  While  this  is  true,  nevertheless  this  problem  is  one 
chosen  to  enable  us  to  arrive  at  a  general  conclusion;  for  we  are  dealing 
with  a  very  large  amount  of  power  at  a  comparatively  short  distance. 
The  larger  the  power  to  be  used,  the  more  likely  it  is  that  a  cheap 
source  will  prove  profitable;  the  greater  the  distance  over  which  the 
power  must  be  transmitted,  the  less  likely  it  is  that  a  cheap  source  will 
prove  profitable. 

These  calculations  have  been  given  to  bring  out  clearly  how  unlikely 
it  is  that,  even  by  the  use  of  alternating  long-distance  transmission,  a 
trunk  line,  like  the  Pennsylvania  Bailroad,  for  example,  will  convert 
its  entire  system  to  electric  traction.  This  system,  east  of  Pittsburg, 
has  2  747.35  miles  of  railroad,  8  259.36  miles  of  single  track,  1  803 
locomotives,  1  765  passenger,  baggage  and  express  cars,  and  90  527 
goods  cars.  If  locomotives  were  converted  at  an  average  horse-power 
of  300  each,  this  would  make  an  aggreate  of  216  360  H.-P.  to  be  trans- 
mitted (allowing  20%  in  shops  and  505'o  of  the  total  horse-power  of  the 
locomotives  to  be  transmitted),  while  it  would  have  to  be  taken  over  many 
times  the  distance  given  in  the  example.  Apply  the  formula  for  pounds 
of  copper  in  transmission  line  and  we  see  how  enormously  the  weight 
is  increased  as  the  distance  increases  in  the  case  of  the  Pennsylvania 
Railroad.  The  cost  is  astonishing  when  one  remembers  the  claims  of 
an  enthusiast  who  stated:  "Where  water-power  is  always  available 
within  a  few  hundred  miles"  or  "for  desert  railways,  where  water 
cannot  be  obtained,"  "  electric  traction  is  eminently  suitable." 

Repairs  of  passenger  locomotives  and  tenders  on  steam  roads 
average  from  4  to  6  cents  per  mile,  with  about  1.5  cents  to  be  added 
for  repairs  to  tools,  shops,  machinery,  etc.,  properly  chargeable  to 
"  motive  power  repairs."  Statistics  of  electric  roads  are  very  imper- 
fect and  unreliable  on  matters  of  this  kind,  not  only  because,  in  the 
past,  such  roads  have  usually  been  operated  by  those  familiar  with 
horse  traction,  and  having  little  mechanical  knowledge  of  or  inclina- 
tion toward  the  precise  methods  of  steam-railroad  management  and 
operation,  but  because  of  the  constant  change  of  apparatus  long  before 
the  old  had  given  the  life  which  could  reasonably  be  expected  of  it  as 
a  piece  of  mechanism. 
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Mr.  Davis.  Even  if  we  had  such  data  as  we  might  wish  from  existing  electric 
roads,  they  would  be  only  indications  of  what  might  be  expected  on 
a  system  similar  to  the  one  under  discussion.  From  Table  No.  11  we 
find  that  locomotive  and  passenger  car  repairs  amount  to  9%,  while 
motors,  trucks  and  cars  on  the  electric  railroads  of  Massachusetts  cost 
9.1%,  which  again  favors  the  steam  railroads;  for  to  this  must  be 
added  2%  for  power-plant  repairs,  making  a  total  of  11.2  per  cent. 

"When  we  remember  the  small  horse-jiower  involved,  and  the  light 
weights  and  low  speeds,  it  is  hardly  likely,  with  the  large  increase  in 
these  necessary  under  steam-railroad  conditions,  that  the  cost  of  repairs 
and  maintenance  of  the  motive  power  of  an  electric  road  will  be  any 
less  than  that  of  a  steam  road.  It  is  to  be  regretted  that  more  reliable 
and  extensive  data  are  not  obtainable.  Repairs  and  maintenance  of 
passenger  cars' would  be  the  same  in  either  system.  The  item  "use 
of  foreign  passenger  cars  "  is  the  rental  paid  for  the  use  of  cars  of 
other  roads  while  retained,  and  of  course  would  be  unaffected  by  the 
use  of  any  particular  system.  While  the  operation  of  a  motor  car 
involves  far  less  labor  than  that  of  a  steam  locomotive  and  its  tender, 
yet  the  danger  that  the  operator  might  be  incapacitated  makes  it 
necessary  to  have  two  men  at  the  head  of  the  train,  although  one  man 
would  easily  be  able  to  do  all  the  required  work.  As  it  takes  two  men 
to  run  the  ordinary  passenger  locomotive,  there  would  be  no  advan- 
tage of  one  system  over  the  other.  It  would  be  a  mistake  to  save 
wages  by  utilizing  a  lower  degree  of  intelligence  or  skill  for  motormen 
and  their  assistants  than  is  now  used  for  engineers  and  firemen  on 
steam  railways;  the  tendency  to  do  this  has  cost  electric  street-rail- 
way owners  many  thousands  of  dollars  — more,  in  fact,  than  is  usually 
realized.  Passenger-train  service  would  not  be  affected  by  the  use  of 
one  system  or  the  other.  Central-power-station  service  is  an  addi- 
tional charge  against  the  electric  road.  Were  the  operative  method 
changed,  train  services  (wages)  would  be  greatly  increased,  as  shown 
in  Table  No.  11. 

We  now  come  to  (c)  "  Station,  Terminal,  Taxes  and  General 
Expenses,"  divided  into  ten  subdivisions,  none  of  which  is  affected 
by  the  character  of  road-bed,  rolling  stock  or  mechanical  apparatus 
of  any  kind,  but  is  dependent  upon  the  character  of  the  business 
handled,  the  mode  of  operation  and  the  volume  of  traffic;  therefore 
these  items  are  unaffected  by  the  use  of  any  particular  motive  power. 
The  same  statements  apply  to  the  division  (</)  "Accident,  Loss  and 
Damage,''  and  to  (e)  "Interest  Account." 

"  Fixed  charges  "  includes  interest  on  bonds,  and  rentals;  the  actual 
rate  of  interest  on  bonds  is  not  affected  by  the  system  used,  except  in 
ways  beyond  the  scope  of  this  discussion.  We  have  shown  that  the 
first  cost  of  an  electric  system  is  considerably  greater  than  that  of  a 
steam-locomotive  road  when  operating  under  the  same  conditions,  and 
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only  in  one  case  will  it  be  less,  namely,  when  the  units  are  small,  light  Mr.  Davis, 
and  very  frequent,  when  the  cost  of  locomotives  would  more  than  equal 
the  natural  increases  caused  by  electricity. 

Therefore  the  "  fixed  charges  "  of  an  electric  system,  under  steam- 
railroad  conditions  will  be  much  higher,  and  this  may  vary  from  5  to 
15%  or  more  as  an  increase  of  expenses  against  the  electric  road,  as- 
suming, of  course,  that  the  cost  in  each  case  is  covered  by  bonds,  which 
is  now  usual. 

This  is  no  inconsiderable  item,  as  the  average  fixed  charges  of  our 
present  steam  roads  are  not  less  than  20%  of  the  gross  receipts,  and, 
if  this  is  increased  largely  by  the  use  of  electricity,  it  is  more  of  a 
burden  than  can  be  overcome  by  inconsiderable  savings  in  items  of 
operating  expenses  (if  such  savings  are  even  possible),  such  as  slightly 
lower  coal  consumption,  motor  car  repairs  and  maintenance,  bridge 
repairs  and  maintenance,  track  repairs  and  maintenance,  etc.,  which 
may  be  claimed  in  favor  of  electricity  by  some  ardent  advocates,  irre- 
spective of  the  intrinsic  merits  of  any  given  problem. 

To  recapitulate:  We  see,  by  Table  No.  11,  that  the  additional 
charges  against  electric  traction,  omitting  interest  on  increased  fixed 
charges,  amounts  to  6.97%,  while  the  savings,  allowing  the  maximum 
in  each  case  and  all  doubtful  items,  is  4.95%';  or  2.02"o  against  the 
electric  system,  with  the  largest  of  all  items  not  considered. 

From  what  precedes  we  have  shown  that  the  following  would  be 
additional  charges  against  the  electric  road  over  a  steam  railroad,  and 
that  they  would  not  be  iuconsiderable,  especially  the  interest  charge: 

1.  Interest  on  increased  cost. 

2.  Renewal  and  repairs  of  transmission  line. 

3.  Repairs  of  motors  and  central  power  plants. 

4.  Central-power-station  services. 

And  the  following  the  possible,  but  not  necessarily  probable, 
savings : 

1.  Renewal  of  rails. 

2.  Repairs  of  bridges,  trestles,  etc. 

3.  Fuel  for  central -power  plants  (unlikely). 

4.  Water  supply  (unlikely). 

5.  Oil  and  waste  (unlikely). 

These  are  items  of  sufficient  importance  to  necessitate  a  very  careful 
study  of  each  individual  problem  before  deciding  upon  a  change,  or 
even  an  original  installation. 

But  some  may  say  that  the  average  of  17  cents  per  car-mile  is  high 
for  electric  roads,  and  so  it  is  for  a  first-class  well-managed  road,  but 
so  is  19  cents  for  a  similar  steam  road.  The  Metropolitan  Street 
Railway  of  New  York  makes  the  statement  that  they  operated  at  11.95 
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Mr.  Davis,  cents  per  car-mile,  while  in  an  article  in  Cassie7*,s  Magazine  of  August, 
1899,  the  statement  is  made  that  the  Chicago  South  Side  Elevated 
operated,  in  the  month  of  December,  1898,  at  7. 5  cents  per  car-mile. 
Both  these  figures  must  be  taken  with  a  great  deal  of  caution,  and  for 
the  same  reason,  namely,  the  period  during  which  both  systems  have 
been  in  operation  has  been  short,  and  neither  yet  knows  what  its  true 
operating  expenses  are.  Table  No.  11  (last  column)  indicates  this.  In 
this  table  it  is  seen  that  the  "  train  expenses  "  of  the  Metropolitan 
Street  Railway,  most  items  of  which  are  unaffected  by  time,  are  ap- 
proximately equal  to  the  average  of  all  Massachusetts  roads,  which  have 
been  running  several  years,  while  "  maintenance  and  renewal  of  way 
and  works  "  are  about  25%  of  the  Massachusetts  roads.  "General 
expenses "  are  also  about  25%,  and  accidents  about  70  per  cent. 
General  expenses  were  distributed  between  cable,  horse  and  electric 
systems;  but,  assume  that  these  figures  are  correct,  and  that  an 
electric  road  can  be  operated  at  7.5  cents  per  car-mile,  even  then  they 
are  not  approaching  the  best  steam  railroad  results.  The  Pennsyl- 
vania Railroad  Division  of  that  system  operated,  in  1897,  about  5  cars 
per  passenger  train  and  30  cars  per  freight  train  (both  figures  are 
probably  underestimated) ;  a  total  train  mileage  of  about  50  000  000 
was  made,  divided  into  16  000  000  passenger-train-miles  and  34  000  000 
freight-train-miles.  The  cost  per  ti'ain-mile  was  about  75  cents  for  the 
total  mileage.  Taking  75  cents  as  the  actual  cost  per  train-mile,  for 
either  passenger  or  freight,  we  would  have  15  cents  per  car-mile  as 
operating  expenses  per  passenger  cars  and  2.5  cents  per  car-mile  for 
freight.  This  method  of  estimating  is  obviously  wrong,  for  a  freight- 
train-mile  must  cost  more  than  a  passenger-train-mile,  but  the  former 
would  have  to  rise  above  the  average  to  $2.25  per  freight-train-mile 
before  the  cost  per  car-mile  would  increase  beyond  7.5  cents.  Again, 
the  average  weight  of  an  electric  car  may  be  taken  at  20  000  lbs.  '(10 
tons),  so  that  at  7.5  cents  per  car-mile  the  operating  expenses  would 
be  0.75  cent  per  ton-mile,  while  the  Pennsylvania  Railroad  Division 
operated  at  0.311  cent  per  ton-mile. 

In  making  a  comparison  in  the  use  of  steam  locomotives  and  electric 
motors  as  motive  powers,  it  is  seen  that  only  where  the  units  are 
many,  light  and  frequent,  and  operated  over  comparatively  short  dis- 
tances, can  the  use  of  electricity  result  in  lower  first  cost  or  operating 
expenses;  but  this  involves  a  change  in  the  method  of  operation  for  it 
to  prove  desirable.  Where  units  are  few,  heavy  and  infrequent,  and 
operated  over  long  distances,  the  use  of  steam  locomotives  will  result 
in  lower  first  cost  and  operating  expenses,  and  prove  more  desirable. 
Though  this  general  statement  may  be  modified  by  special  conditions, 
such  as  very  high  speeds  at  frequent  intervals,  it  will  generally  govern 
in  determining  changes,  or  the  choice  of  one  or  the  other,  in  the  case 
of  newly  projected  roads. 
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Without  trying  to  define  the  exact  limit  beyond  which  electricity  Mr.  Davis, 
would  be  injudicious,  we  can  state  that,  except  for  suburban  traffic, 
and  interurban  traffic  between  towns  a  short  distance  apart,  electric 
traction  is  to-day  higher  in  first  cost  and  operating  expenses;  and  even 
when  used  under  such  conditions,  it  may  still  be  so,  and  success  will 
only  come  with  a  corresponding  change  in  operative  methods. 

The  fact  that  usually  the  first  cost  and  the  total  expenses  will  be 
greater  with  electricity  than  with  steam  might  lead  us  to  discard  the 
thought  of  using  the  former  under  any  circumstances,  were  it  not  for 
the  question :  How  will  our  gross  receipts  be  affected  by  the  use  of 
one  or  the  other  system?  If  by  using  electric  traction  we  can  increase 
sufficiently  the  gross  receipts  per  car-mile  or  train-mile,  and  per 
mile  of  road,  we  can  afford  to  pay  for  the  additional  first  cost  and 
greater  total  expenses.  This  is  the  vital  question  and  the  real  one  at 
issue,  although  usually  not  so  considered;  but,  in  general,  the  induce- 
ment to  adopt  electricity  instead  of  steam,  or  to  discard  the  latter,  will 
be  the  increased  travel  which  undoubtedly  comes,  in  a  greater  or  less 
degree,  to  roads  using  electric  motors. 

Freight  and  miscellaneous  receipts  cannot  be  affected  by  any  change 
of  motive  power,  so  our  discussion  will  be  confined  to  the  effect  on 
passenger  receipts. 

3.    Gkoss  Receipts. 

By  examining  statistics  of  steam  railroads  we  find  that  the  volume 
of  travel  is  influenced  by  such  features  as  the  following  :  Convenient 
location  of  stations  with  respect  to  centers  of  population  ;  length  of 
line  ;  proximity  of  terminals  to  the  centers  of  population  ;  number  of 
trains  ;  (the  four  {joints  just  mentioned  have  an  overwhelming  effect 
on  short-haul  traffic)  ;  good  road-bed  and  track  neatly  kept  ;  hand- 
some commodious  stations,  with  first-class  appointments  and  service  ; 
comfortable  and  luxurious  cars  ;  block  signals  ;  cleanliness,  etc. 
Profit  is  proportional  to  success  in  obtaining  that  travel  which  enables 
each  train  to  run  full,  for  the  cost  of  a  train-mile  is  not  affected  by  the 
number  of  seats  taken  ;  and  it  is  this  travel  which  is  obtained  by  a  line 
giving  weight  to  its  "location"  and  "  appointments."  In  freight 
competition  between  railroads  the  rates  are  ultimately  dependent  upon 
the  cost  from  "  consignor  to  consignee,"  not  from  station  to  station, 
and  the  railroad  eventually  pays  the  additional  cost  of  lighterage, 
switching,  cartage,  etc.,  and  the  profit  thereon,  whether  by  actual 
difference  in  rates  or  loss  of  business. 

The  same  is  true  in  passenger  traffic,  as  will  be  seen  by  free  omni- 
buses, reduction  in  rates,  etc.  If  you  can  take  the  passenger  up  at  his 
own  door  and  set  him  down  at  his  place  of  destination,  you  have  not 
only  suited  his  convenience  (and  thus,  as  we  shall  see,  induced  him 
to  travel  oftener),  but    have  secured  those  receipts  which  otherwise 
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Mr.  Davis.  TABLE  No.  23. — Population 
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Urban  Population  (calcu- 
lated from  U.  S. 
,              Census  1890.) 

States. 

Towns  8  000 
and  upward. 

Towns  2  500 
to  8  000. 

Total 
popula- 
tion. 

o  J- 

.  s 

(8) 
39 
49 

Total 
popula- 
tion. 

(l) 

(2) 

661  086 
716  258 
2  238  943 
345  506 
376  530 
332  422 

(3) 

22.11 
154.03 
278. 48 
318.44 
41.81 
36.39 

79.79 

(4) 

29  895 
4  845 

8  040 
1  085 

9  005 
9  135 

(5) 

25  729 
4  845 
8  040 
1  085 

8  328 

9  135 

'V 

1? 

10 
5 
2 

(?) 
130  346 
385  287 
1  564  931 
272  571 
103  058 
26  350 

(9) 

152  677 

204  923 

103      445  018 

13 

22 
22 

55  439 
85  137 

90  713 

4  700  745 

62  005 

57  662 

89 

2  482  543     248 

1  033  907 

would  have  gone  to  omnibuses,  hacknien,  and  street-car  lines.  This 
the  steam  railroads  have  failed  to  do,  and  it  is  clear  that  they  cannot 
altogether  do  away  with  these  feeders  natural  to  their  peculiar  modes 
and  conditions  of  traffic  ;  but  there  is  little  room  to  doubt  that  in  many 
cases  steam  railroads  can  .modify  their  present  methods,  for  suburban 
traffic  out  of  large  centers  of  population  and  for  interurban  passenger 
traffic  on  branch  lines  between  centers  of  population,  by  the  use  of 
electricity,  paying  the  additional  first  cost  and  greater  total  expenses 
out  of  the  probable  (we  might  say  certain)  enormous  increase  in  their 
gross  receipts.  This,  the  writer  believes,  can  be  accomplished  only 
by  a  radical  change  in  the  present  methods  of  operation,  making 
them  approach,  on  parts  of  the  system,  the  present  "  leave-at-your- 
door "  plan  of  our  street  railways,  while  keeping,  on  the  rest  of  the 
system,  the  present  methods  of  steam  railroads  with  possibly  some 
minor  modifications.  To  accomplish  this  to  advantage,  the  use  of 
electricity  will  probably  prove  advisable,  although  in  some  instances 
a  combination  of  electricity  with  steam  might  give  the  best  results. 
The  great  increase  in  gross  receipts  and  in  net  revenue  may,  and  very 
often  will,  decide  the  question  beyond  any  possible  doubt  in  favor  of 
electricity,  always  remembering  that  the  adoption  of  electric  traction 
means  a  corresponding  adaptation  of  operative  methods,  and  not  the 
mere  application  of  a  S2)ecial  form  of  motive  power. 

Let  us  consider  some  of  the  figures  bearing  on  the  problem. 

The  Pennsylvania  Railroad  originally  spent  about  $5  000  000  for  its 
Broad  Street  terminal;  the  great  St.  Louis  Bridge  and  Union  Station 
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Statistics  (United  States  Census).  Mr.  Davis. 

Urban  Population  (Calculated  from  U.  S.  Census,  1890). 


Towns  1  000 
to  2  500. 

Total  in  Towns 
1  000  and  up- 
ward . 

Balance 
of    popu- 
lation   in 
States 

Tables    Nos.    3 
and  28. 

Tables  Nos.  4 
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and  4  (omit- 
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9 
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252  894 

(It) 
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56  010 
3  384 
83  317 
79  528 

(15) 
25 
52 
144 

(16) 

175  676 

326  252 

1850  837 

(18) 
90  219 
401  858 
581  668 

(19) 
32 

77 
152 

(30) 

210  887 

474  420 

1  961  280 

74 

105  018 
135  831 

101 

117 

7 

106  673 

7 

106  673 

93 

482 

727  703 

819 

4  244  153 

456  592 

221 

2  352  765 

85 

1  180  418 

268 

2  753  260 

cost  many  more  millions;  while  the  Market  Street  terminal  of  the 
Philadelphia  and  Reading  Railroad,  the  Union  Station  of  the  Boston 
and  Maine  Railroad  systems,  the  Southern  Union  Station  of  the  New 
York,  New  Haven  and  Hartford  Railroad  in  Boston,  and  the  Grand 
Central  Station  in  New  York  are  proofs  of  the  millions  of  dollars  spent 
by  railroad  companies  to  locate  their  terminals  at  or  near  the  centers 
of  population.  These  expenditures  were  incurred  almost  entirely  for 
the  sake  of  increasing  the  suburban  passenger  traffic,  although  giving 
a  decided  stimulus  to  through  and  competitive  business.  In  the 
writer's  opinion,  our  steam  railroad  companies  can  afford  to  double  (to 
use  a  broad  and  inaccurate  expression)  these  investments  to  accom- 
plish what  has  been  suggested  above,  reaping  a  handsome  return  from 
the  increased  gross  receipts  from  the  passenger  traffic  thus  obtained 
and  encouraged. 

Taking  the  New  England  States  as  a  basis  for  comparison — for 
there  we  shall  find  the  shortest  hauls,  the  most  dense  population, 
the  greatest  number  of  trains,  and  the  most  accurate  statistics — we 
have  from  Poor's  Manual,  Railroad  Commissioner's  Reports  and  special 
calculations  by  the  writer  the  various  tables  and  figures  hereafter  dis- 
cussed. 

Effect,  of  Increased  Population.— -Fig.  1  shows  clearly  the  enormous 
growth  of  popiilation  and  railroad  mileage  in  the  United  States  since 
1830,  when  steam  railroads  were  just  coming  into  existence.  Street 
railways  started  at  about  the  same  time,  the  first  street  car  operating 
on  the  New  York  and  Harlem  Railroad  tracks,  Fourth  Avenue,  New 
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Mr.  Davis,      TABLE   No.    24. — Growth   or   Street  Railways    in    10   Years, 

1888  to  1898  (a). 


Average 
Length    of 

Miles  of  Track. 

Number  of  Cars. 

Railway 
(Miles  of 

Motive 

Number  of 

Track). 

Power. 

Railways. 

Percentage 

Percentage 

1888. 

1898. 

to  total. 

1888. 

1898. 
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1888. 

1888. 

1898. 

1888. 

1898. 

1888. 

1898. 

1898. 

21 
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86 
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1.4 

90.2 
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41  402;     0.6 

87.8 

4.09 

16.17 
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18 

20 

217 
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3.6 

3.0 

2  777 

2  920 

11.1 

6.2 

12.06 

24.30 
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566 

112 

5  474 

683    91.4 

4.2 

21  736 

2  860 

86.6 

6.0 

9.67     6.09 

35 

27 

216 

421 

3.6 

2.6 

(6)423 

;6)404 

1.7 

0.8 

6.17    16.59 

Totals*. . 

640 

1073 

5  993 

16  372 

25  108  47  586 

i 

(a)  From  an  article  by  Mr.  William  J.  Clarke,  entitled  "  Electric  Railways  in  America 
from  a  Business  Standpoint.'' — Cassier's  Magazine,  August.  1899. 
(6)  Includes  locomotives. 
This  table  is  evidently  approximate,  and  was  undoubtedly  not  intended  to  be  exact. 


York  City,  in  November,  1832.  It  would  be  curious  if  in  the  near 
future  (70  years  after)  some  steam  railroad  should  again  change  its 
mode  of  operation  so  as  to  approach  the  methods  of  street  railways. 
Curves  Nos.  7  and  8  show  the  growth  of  urban  population  (according 
to  United  States  Census  those  communities  which  have  8  000  or  more 
inhabitants),  while  Table  No.  23  shows  the  urban  population  in  Massa- 
chusetts down  to  towns  of  1  000  inhabitants. 

It  is  unfortunate  that  the  old  horse  railways  have  left  so  few  records, 
but  Fig.  2,  showing  the  increase  of  mileage  in  Massachusetts  from  1870, 
gives  an  indication,  while  Table  No.  24  shows  the  growth  of  street 
railways  in  ten  years,  1888  to  1898.  The  mileage  of  street  railways 
(16  000)  when  compared  with  that  of  steam  railroads  (182  000)  shows 
that  the  former  are  confined  to  thickly  populated  areas,  either  within 
their  limits  or  connecting  two  or  more  such  areas.  Their  methods  of 
operation — small,  frequent  units — adapted  itself  to  such  distribution 
of  inhabitants  and  not  to  the  longer  hauls  at  infrequent  intervals 
shown  by  the  mileage  of  steam  railroads. 

The  growth  of  population  and  industries  of  all  kinds  (including- 
transportation)  react  on  each  other,  favorably  or  otherwise,  depend- 
ing upon  conditions  of  prosperity.  A  system  like  the  Pennsylvania 
Railroad  could  not  have  existed  in  1830,  even  though  it  could  have 
been  operated  at  as  low  a  cost  as  to-day.  It  had  no  suburban  short- 
haul  business  in  its  early  days. 
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The  concentration  of  population  into  "  urban  "  districts  has  come  Mr.  Davis, 
through  the  increased  transit  facilities  of  such  communities.  The 
horse-roads  first  enabled  a  growth  which  made  it  necessary  for  the 
steam  railroads  to  increase  their  local  facilities,  which  again  reacted 
on  the  population  to  increase  it,  and  then  came  the  cable  road  to 
reduce  the  time  spent  in  getting  in  and  out  from  the  residential 
sections  to  the  business  centers;  this,  in  turn,  increased  the  radius  of 
urban  population,  and  again  the  steam  railroads  reached  out  farther 
from  the  center  of  population;  all  of  which  encouraged  concentration 
of  inhabitants,  and  the  electric  railway  once  more  caused  a  similar 
cycle  of  events. 

There  is  no  reason  to  suppose  that  these  conditions  have  ceased, 
and  that  this  action  and  reaction  have  stopped.  It  is  this  enormous 
development  of  the  country  which  has  allowed  the  constant  increase  of 
investment  on  transportation  systems,  and  this  in  turn  has  increased 
the  carriage  of  both  passengers  and  freight.  In  the  growth  of  transit 
facilities  and  methods  the  "  radius  of  action  "  of  the  roads  has  increased 
constantly,  and  as  it  increased  so  did  the  urban  population  and  vice 
versa;  but  when  our  cities  grow  beyond  the  present  "  radius  of  action," 
our  transit  systems  must  take  another  step.  Some  communities  have 
already  arrived  there,  and  the  solution  will  undoubtedly  be  the  equip- 
ment of  our  steam  railroads,  running  out  of  and  between  those  near 
together,  with  electric  traction,  thereby  enabling  them  to  change 
operative  methods  to  approach  present  street  railway  practice,  thus 
increasing  gross  receipts  enough  to  not  only  offset  interest  on  increased 
first  cost,  but  reduce  operating  expenses  per  car-mile;  for  the  increase 
in  present  investments  and  traffic  have  also  tended  to  reduce  the  cost 
of  transportation  per  head. 

Effect  of  Increased  Capitalization. — Fig.  2  also  shows  the  enormous 
increase  in  mileage  and  investment  of  street  railways  in  Massachusetts, 
where  the  density  of  population  is  high  and  has  increased  more  rapidly 
than  in  any  other  part  of  the  United  States,  as  shown  by  Curves  Nos. 
5  and  6,  Fig.  1.  It  is  because  of  this  increase,  which  is  still  going  on, 
that  constant  increased  investments  are  warranted  on  established  transit 
systems,  and  which  will  induce  our  steam  railroads  to  handle  increased 
traffic  by  small,  frequent  units  in  urban,  suburban  and  interurban 
areas,  operated  by  electric  motors,  and  thus  also  stimulate  and  again 
increase  a  traffic  which  will  only  grow  so  much  and  then  wait  to  be 
encouraged. 

Curve  6,  Fig.  2,  shows  the  tendency  toward  increased  investment 
per  mile;  the  drop  from  1894  to  1896  indicates  a  greater  increase  in 
suburban  than  urban  mileage,  costing  less  per  mile  and  thus  reducing 
the  average.  Fig.  3  shows  how  comparatively  small  was  the  percentage 
of  increase  of  steam  railroad  mileage,  but  a  very  distinct  increase  is 
shown  in  investment  per  mile  (Fig.  3  gives  totals  of  roads  in  Massachu- 
setts, but  includes  mileage,  etc.,  outside  the  State). 
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Mr.  Davis.  Effect  of  Increased  Earnings. — Figs.  4  and  5  show  the  earnings  of 
street  and  steam  roads  in  Massachusetts.  Attention  is  also  called  to 
Table  No.  16,  giving  comparative  statistics  of  steam  and  electric  roads, 
and  also  to  Table  No.  10,  giving  the  percentage  of  increase  or  decrease 
in  all  items  (curves)  discussed  and  found  in  the  various  figures, 
between  the  years  1870  and  1890.  We  again  see  the  constant  increase 
in  gross  receipts,  especially  of  the  street  railways  (400 %  as  against 
150°o  for  freight  and  passengers  of  steam  railroads,  being  120°^  for 
passengers  only,  Fig.  7,  Curve  4) ;  and  also  the  increase  in  interest  and 
dividends  on  increased  capitalization,  some  of  which  is  not  chargeable 
to  increased  mileage  (also  much  larger  for  the  electrics  than  for  the 
steam). 

The  gross  traffic  earnings  per  mile  increased  25(,'o  on  the  steam  and 
decreased  4°0  on  the  street  roads;  the  latter  is  undoubtedly  due  to  the 
relatively  large  increase  in  mileage;  this  curve,  however,  has  a 
"  characteristic  -\-  sign  "  which  will  be  shown  in  future  growth  in  the 
years  to  come.  Curves  8  and  9  in  both  figures  show  the  characteristic 
constant  reduction  in  receipts  per  car-mile  or  train-mile,  due  to  in- 
creased mileage  giving  better  facilities  and  thereby  increasing  the 
traffic  at  a  slightly  lower  rate,  both  as  to  numbers  and  fares;  also  reduc- 
tion in  operating  expenses  per  car-mile  as  the  same  increases. 

Effect  of  Increased  Traffic.  —  Figs.  6  and  7  (see  Table  No.  10  also) 
again  bring  out  the  same  characteristic  comparisons  as  the  jirevious 
figure,  and,  in  addition,  the  following:  Curve  10,  Fig.  7,  indicates  that 
passengers  are  hauled  a  shorter  distance,  on  the  average,  every  year. 
Fig.  18  brings  this  out  somewhat  more  clearly.  In  the  Eastern  States, 
which  are  more  densely  populated,  the  average  distance  is  approxi- 
mately constant,  but  with  a  tendency  to  fall.  In  other  words,  the 
proportion  of  short-haul  passengers  to  total  passengers  is  rising  as  the 
population  increases  and  the  rides  per  inhabitant  per  annum  increases. 

As  the  long-distance  telephone  system  develops,  its  use  will  grow  to 
such  a  point  that  it  will  no  doubt  have  a  decided  effect  on  long-distance 
passenger  traffic,  if  it  has  not  already.  This  will  increase  the  propor- 
tion of  short  hauls  as  compared  with  long  hauls,  and  the  passenger 
business  of  our  steam  railroads  (or  their  partial  development  into 
electric  railways)  in  the  future,  will  be  more  and  more  largely  that  of 
suburban  and  interurban  localities.  The  increase  in  total  passengers 
carried  was  308.%  on  the  steam  railroads  and  507"o  on  the  street  rail- 
ways (see  Table  No.  16  for  totals),  while  passenger-train-miles  increased 
204,%  and  3645V  (car-miles)  respectively. 

The  receipts  per  passenger  are  constantly  decreasing  as  the  number 
of  passengers  increases,  as  shown  by  Curve  6  on  each  figure.  The 
larger  projjortional  increase  in  mileage  of  street  railways  has  reversed 
the  characteristic  sign  of  Curve  4,  Fig.  4  (receipts  per  mile  of  track), 
and  Curve  9,  Fig.   6  (number  of  jDassengers  carried  per  mile  of  track), 
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Mr.  Davis,  when  compared  with  Curves  8  and  9,  Fig.  7,  showing  the  same  items 
on  the  steam  railroads  of  Massachusetts.  Records  do  not  give  the 
average  miles  traveled  per  passenger  on  street  railways.  Whether  or 
not  there  is  a  temporary  increase  cannot  be  determined;  but,  that  in 
the  long  run  it  tends  to  decrease,  there  is  little  room  to  doubt,  although 
subject  to  some  variation. 

Table  No.  25  shows  the  increase  in  passengers  carried  per  car-mile 
on  street  railways  and  the  decrease  per  train-mile  on  steam  railroads. 

TABLE  No.  25. 

1870.  1890. 

Number    of    passengers   carried    per    car-mile 

operated 4.91        5.51 

Number   of   passengers    carried    per  train-mile 

operated 4.71        4.30 

This  shows  the  increase  in  train-mileage  of  steam  roads  as  com- 
pared with  passengers  carried,  while  the  reverse  is  true  of  street  rail- 
ways. 

Passenger  rides  per  capita  per  annum  and  corresponding  receipts  per 
capita  per  annum  have  increased  enormously  on  street  railways  when 
compared  with  steam  railroads.  The  number  of  rides  increases  more 
rapidly  than  the  receipts  per  capita;  about  twice  as  fast  on  steam  rail- 
roads and  35%*  more  on  street  railways,  while  the  actual  increase  of 
the  latter  has  been  204%"  and  the  former  100  per  cent.  In  other  words, 
the  steam  roads  have  been  reducing  fares  to  more  nearly  approach  the 
low  charges  of  street  railways. 

These  results  show  most  clearly  how  the  low  fares  (total  cost  per 
trip,  not  per  mile)  and  "leave-at-your-door  "  service  of  electric  street 
railways  have  increased  the  passenger  rides  per  annum  and  the 
number  per  car-mile  so  that  low  fares  are  profitable.  In  1896,  the  rides 
per  capita  per  annum  were  116  for  street  railways  arid  44.5  for  steam, 
while  the  receipts  per  capita  per  annum  were  $5.95  and  $12.80, 
respectively. 

Effect  of  Future  Growth. — Figs.  8  and  9  are  only  indications  of  what 
the  future  has  in  store  for  railroads  and  railway  systems  in  Massachu- 
setts. The  predictions  have  been  plotted  by  taking  two  points  on  the 
street-railway  curves  corresponding  to  1885  and  1895  and  extending 
the  straight  line  to  1910,  while  the  points  on  steam-railroad  curves 
were  1880  and  1890. 

Those  curves  which  when  extended  give  a  result  contrary  to  the 
"characteristic  sign"  have  been  thus  marked.  The  number  of  these 
shows  the  indicative  nature  of  the  information  and  its  lack  of  exact- 
ness, together  with  the  importance  of  cross-references  to  "  character- 
istic signs"  and  other  curves  before  arriving  at  a  conclusion  based  on 
averages  in  any  particular  case.     These  curves  might  be  called  "  pro- 
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TABLE  No.  26. — Ratios  of  Comparative  Statistics   of   Steam  and  Mr.  Davis. 

Street  Roads. 
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1.18 

0.32 
3.96 
0.63 
0.53(a) 


12.73 
6.77 
3.96  (6) 
2.03 
1.08(a) 
0.16 
0.63  (fr) 
0.89 
0.87(a) 


(a)  Estimated  5  cars  per  train  on  steam  railroads. 

(b)  Population  served  estimated  to  be  the  total  in  New  England. 

(c)  Population  served  estimated  to  be  that  given  in  Tables  Nos.  28  and  29. 

(d)  Population  served  estimated  to  be  the  total  in  New  England  for  Column  1,  and 
that  given  in  Table  No.  29  for  Column  2;  Table  No.  28  for  Column  3;  and  Tables  Nos.  28 
and  29  for  Column  4. 

jection  "  rather  than  "prediction"  curves;  but,  nevertheless,  they 
indicate  strongly  the  future,  with  its  lower  percentage  of  earnings  on 
capital  invested,  lower  cost  of  operation,  greater  percentage  of  operat- 
ing expenses  and  larger  gross  revenue  coming  from  that  enormous 
future  growth  in  passenger  traffic  at  low  fares  with  electric  propul- 
sion. 

When  the  population  and  real  wealth  become  fixed,  then  such 
growth  will  cease,  but  only  then,  and  will  fluctuate  with  prosperity,, 
but  this  condition  is  far  distant  for  the  United  States. 

Comparison  of  City  and  Suburban  Railways. — Tables  Nos.  3  and  4 
have  been  prepared  in  an  attempt  to  make  the  discrimination  between 
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Mr.  Davis,  roads  "in  towns"  (urban)  and  "between  towns"  (interurban).  Some 
of  those  in  either  table  may  more  properly  belong  in  the  other,  but  it 
is  believed  that  the  comparative  results  shown  will  be  borne  out  in 
practice. 

Suburban  roads  have  been  placed  in  Table  No.  3,  where  their 
characteristics  conformed  to  the  requirements  of  the  table.  Tables 
Nos.  5.  6  and  7  give  summaries  of  Tables  Nos.  3  and  4. 

From  these  tables  and  from  Table  No.  16  has  been  calculated  Table 
No.  26,  giving  ratios  of  statistics  of  steam  and  electric  roads.  The 
first  five  items  (1,  3,  2,  12  and  6)  show  the  relative  number,  length  and 
capacity  of  roads,  for  these  may  affect  the  other  items  in  the  lower 
part  of  Table  No.  26  (5,  13,  26,  8,  9,  11,  32,  4,  19,  17  and  18).  From 
this  table  we  have  Table  No.  27,  showing  characteristic  signs,  when 
comparison  is  made  according  to  the  notation  at  the  top  of  each 
column. 

TABLE  No.  27. 
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The  characteristics  brought  out  by  these  figures  are  the  enormous 
number  of  passenger  trips  per  capita  per  annum  per  mile  of  track  and 
per  car-mile,  and  the  greater  total  number  carried  by  the  electric 
roads  when  compared  with  the  steam  railroads;  also  the  larger 
earnings  per  mile  of  track  and  per  car-mile  on  the  electrics.  The 
receipts  per  passenger  per  trip  are  only  16%,  while  the  receipts  per 
capita  per  annum  are  only  63,%"  of  the  steam  railroads.  The  steam 
road  gets  greater  receipts  per  trip,  but  carries  each  passenger  a  longer 
distance,  and  has  to  run  a  disheartening  number  of  cars  or  train-miles 
for  the  passengers  carried.  The  difference  is  due  to  the  short  trips, 
high  fare  per  passenger  and  car-mile,  and  the  "  leave-at-your-door  " 
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service  of  electric  roads,  while  each  trip  is  delivered  at  an  extremely  Mr.  Davis 
low  "  total  cost  "  to  the  passenger. 

Suburban  and  interurban  railways  carry  fewer  passengers  per 
mile,  per  car-mile,  and  per  capita  per  annum  than  city  railways.  They 
earn  less  per  mile  of  track,  more  per  car-mile  and  per  passenger  carried, 
and  less  per  capita  per  annum.  They  operate  at  a  lower  percentage 
of  gross  receipts  and  about  1%  less  per  car-mile  (Table  No.  7),  while 
they  cost  25%"  less.  A  comparison  of  such  roads  with  steam  railroads 
is  a  more  accurate  one  than  with  city  railways,  but  for  obvious  reasons 
it  could  not  be  made  here. 

Effect  of  Population  Served. — Tables  Nos.  23,  28  and  29,  show  the  ap- 
proximate population  served  by  each  road  in  Tables  Nos.  3  and  4.  In 
locating  any  new  line,  it  is  essential  to  know,  as  nearly  as  may  be,  the 
probable  business  which  it  will  secure.  Upon  its  amount,  the  cost  of 
the  line  completed,  and  the  probable  operating  expenses,  will  depend 
the  profit  of  the  undertaking.  What  other  similar  roads  have  done, 
is  the  criterion  upon  which  we  base  all  estimates,  and  the  three  prin- 
cipal units  used  are  (1)  revenue  per  head  of  population  (number  of 
trips  per  inhabitant  per  annum),  (2)  cost  per  mile,  and  (3)  operating 
expenses  per  car-mile  or  train-mile.  The  first  is  that  in  which  we  are 
now  interested. 

In  determining  the  gross  revenue  per  head  of  population,  the  usual 
method  has  been  to  divide  the  United  States  into  arbitrary  sections, 
such  as  the  groups  of  States  in  Poor's  Manual  (see  Fig.  13),  and  by 
dividing  the  gross  receipts  by  the  inhabitants  of  each  division  deter- 
mine the  average  amount  contributed  by  each  individual.  Of  course, 
each  person  does  not  spend  this  amount,  in  fact,  some  do  not  contri- 
bute anything,  while  others  expend  many  times  the  average  amount 
each  year.  The  passenger  traffic  on  any  road  can  be  divided  into  the 
following  general  classes: 

1.  Those  who  live  adjacent  to  the  line  and  are  compelled  to 

ride  upon  it. 

2.  Those  who  are  compelled  to  ride  but  who   can  take  another 

line  just  as  conveniently. 

3.  Those  who  ride  for  pleasure. 

4.  Those  who  come  from  a  distant  place  by  some  other  means 

of  conveyance  and  then  ride  upon  the  line  for  any  of  the 
other  three  reasons. 

Those  of  the  first  class  are  by  all  odds  the  largest  in  volume,  and 
as  they  are  the  most  permanent,  increasing  or  decreasing  by  known 
amounts  in  stated  census  periods,  it  would  be  the  best  possible  basis  for 
our  figures  of  receipts  per  head  of  "population  served. "  The  difficulty 
is  to  get  at  this  "population  served."  An  attempt  has  been  made  in 
these  tables,  in  order  to  show  how  receipts  would  vary  according  to 
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Mr.  Davis.  TABLE  No.  28. — Population  Sekved  by  Koads  in  Table 
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No.  3.     Electric  Suburban  and  Interurban  Railways.  Mr.  Davis. 
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TABLE  No.  28  (Concluded). — Population  Served  by  Roads  m 
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16  074 
27  633 

7  269 
77  696 
77  696 

448  477 
13  805 

8  780 

9  118 

13  947 
24  379 
24  379 

7  123 
7  123 

14  990 
13  499 

132  146 
16  723 
4  088 
4  260 
24  651 
7  655 
9  118 
27  294 
6  982 
4  681 

4  428 

84  655 

84  655 

(6) 
Adams 

(7) 

Hoosac  Valley  (North  Adams) 

Pawtucket  (R.  I.). 

Leominster 

Lowell 

9  213 

Interstate  Consolidated  (R.  I. ) . . . 

Seekonk 

1  317 

2  201 

Lowell,  Lawrence  &  Haverhill. . . . 

1  996 

Lowell  &  Suburban 

Lowell 

2  380 

Lynn  &  Boston, 

Boston 

10  821 

Marlborough 

Milf  ord 

4  670 

Millford,    Hollister   &    Framing- 

Hopedale 

Wayland 

Amesbury 

Waltham 

Watertown 

Norwood  

Hyde  Park 

Easthampton  . . . 
Winchester 

1  176 

Natick  &  Cochituate 

2  060 

Newburyport  &  Amesbury 

Newburyport 
Newton 

9  798 
18  707 

7  073 

3  733 

Norfolk  Suburban  (Hyde  Park). . 

Dedham 

10  193 

Northampton 

4  395 

4  861 

Providence  (R.  I.). 

25  448 

WTilmington 

Rockland 

Sturbridge 

Sherborn 

Taunton 

Stoneham 

10  866- 

1  213 

Rockland  &  Abington 

5  213 

South  Middlesex  (Natick) 

Gloucester 

Natick 

4  087 
2  074 
1  381 

25  448 

Wakefield  &  Stoneham ! 

Wakefield 

6  155 

Warren,  Brookfield  &  Spencer 

Warren 

Worcester  &  Blackstone  Valley.. 

Millbury 

3  180 

Worcester 

Worcester 

Shrewsbury 

1  449 

4  428 

2.  Also— 

Stillwater 

15.  Also— 

Roton  Point . . . 

Rowayton 

Darien 

Noroton 

Dorlon's  Point. 


S37.  Also — 

Haverhill 27  412 


S39 


8  29. 


Also— 
Gloucester 


2  276 


24  651 


S38. 


Groveland. 
W.  Newbury.. 
Newburyport  . 
N.  Andover. . . . 


Also — 
Tewksbury. . 


2  191 

1  769 
13  947 

3  742 

49  061 

2  515 


Also— 

Lynn 

Maiden , 

Marblehead.. 

Melrose 

Peabody 

Revere 

Salem , 

Saugus 

Stoneham 

Swampscott.. 

Wenham 

Woburn 

Hamilton 


55  727 
23  031 
8  202 
8  519 
10  158 

5  668 
30  801 

3  673 

6  155 
3  198 

13'499 
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Table  No.  3.     Electric  Suburban  and  Interurban  Hallways. 


Mr.  Davis. 
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cS 

a 
o 

ft 
O 
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ft 

Ph 

Ph 

Ph 

Ph 

Ph 

ft 

Ph 

(8) 

(9) 

(10) 

01) 

(13) 

(13) 

(1*) 

(13) 

N.  Weymouth 

Hull 

2  000* 

7  564 
29  508 

119 

4  221 
7  577 

52 

Attleborough 

N.  Attle- 

borough 

6  727  ,  Wrentham 

2  566 

45  820 

56 

Clinton 

10  424 
4  814 
2  695 

27  909 
2  114 

19  894 
184  363 

87  782 
675  360 

43 

Lawrence  . 
Dracut .... 
Danvers . . . 
Framing- 

44  654 
1  996 

6  142 
11  068 

48 

Chelmsford 

87 

Chelsea 

7  454 

43 

Southborough 

2  619 

3  600 

ham 
Ashland.... 

9  239 
2  532 

29  828 
19  926 

25 

Holliston 

S.  Framingham. 

83 

Wellesley, 

2  633 

7  073 

3  035 
2  604 

22  423 
2  057 

ham 
Newbury.. 

9  239 
1  427 

24  017 
27  805 
50  159 
56  910 
13  460 
39  739 
21  442 

45 

40 

Watertown 

36 

Needham 

Boston  (tjV) 

22  423 

19 

Walpole 

52 

Boston  (jV) 

48 

Williamsburg 

84 

Medf  ord 

11  079 

29  439 

157  594 

54  290 

7  681 
24  780 
28  738 

9  729 
26  358 

27 

4 

4  278 
2  380 
10  866 

Boston  (^s) 

22  423 

49 

43 

Whitman . . 

4  441 

61 

19 

56 

9  239 

Ashland 

2  532 

4  088 

43 

4  493 
4  088 

Raynham  . 
Saiigus 

1  340 
3  673 

58  575 
29  417 

16 

8  519 

38 

Brookfleld 

3  352 

W.  Brook- 
fleld 

N.  Brookfleld.... 

3  871 

21  651 

44 

5  002 

North- 
bridge 

4  603 

17  213 

16 

Northborough 

1  952 

West- 

borough 

5  195 

Marlborough 

13  805 

107  056 

11 

3  120 

Spencer . . . 

8  747 

100  950 

32 

1  827  517  (d) 

2  352  765 

49 

43 

S  41 


Also — 
Bellingham. 
Medway  . . . . 


SS9-  Also— 

Spencer , 


1  334 

2  985 


4  319 

8  747 


*  Estimated. 

(a)  Where  populations  are  omitted,  the  census  made  no  return; 

for  approximation  500  inhabitants  are  assumed  in  each 

case. 
(6)  This  total  is  24  615  less  than  the  column  foots  up,  due  to 

repetition  of  several  cities  in  the  table. 

(c)  If  s  12  were  omitted,  this  average  would  be  51. 

(d)  This  total  is  631  546  less  than  the  column  foots  up,  due  to 

repetition  of  several  cities  in  the  table. 
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Mr.  Davis. 


TABLE   No.  29. — Population  Served  by  Koads 


Name  of  Railway. 

6 

<D 
O 

a 
« 
u 

4) 

Order  according  to 
magnitude,  small- 
est   being    No.    1 
(Fig.  17) 

0> 

> 
.2  o° 

iS 
3 
ft 
o 

PL, 

® 
o 
sS     ■ 

S 

Maine. 
Bangor  St.  Ry 

C  1 

C  2 
C  3 
C  4 

15 
3 
6 

25 

Bath 

Calais 

19  103 
8  723 
7  290 

36  425 

Bath  St.  Ry 

Calais  St.  Ry 

St,  Stephens  (N.B). 

Portland  R.  R . . .              

Total  and  average 

S5 

C  6 

C  7 
C  8 

C  9 
CIO 

CM 

C12 

27 
33 

8 
31 

9 
10 
34 
22 

Connecticut. 
Bridgeport  Traction 

Bridgeport . . 
Hartford.  . . . 
Middletown  . 
New  Haven. . 
New  London 

Stamford 

New  Haven  . 
Waterbury  .. 

48  866 
53  230 
9  013 
81  298 
13  757 
15  700 
81  298 
28  648 

Hartford  St.  Ry 

Middletown  St.  Ry 

New  Haven  St.  Ry 

New  London  St.  Ry 

Stamford  St.  Ry 

Winchester  Ave.  (N.  Haven) 

Waterbury  Traction 

Massachusetts. 
Boston  Elevated  . . 

Ci3 

cu 

Ci5 

G'16 
C17 
C18 
C19 
C20 
C21 
C22 
C'23 
C24 
C25 
C26 
C27 
C28 
C29 
C30 

35 
20 
26 
17 

5 

2 
30 
18 
29 
13 

4 
28 
19 
24 
16 
21 
32 

7 

Boston 

Braintree. . . . 
Brockton. ... 

Newton 

Framingham 

Gardner 

Fall  River... 
Gloucester  . . 

Holyoke 

Pittsfield  .... 
Plymouth  . . . 
Springfield  . . 
Taunton 
New  Bedford 

Boston  U's).. 
Worcester... 
Westfleld.... 

448  477 
4  K48 
27  294 
24  379 
9  239 

8  424 
74  398 

24  651 
35  637 
17  281 

7  314 
44  179 

25  448 
40  733 
24  379 
22  423 
84  655 

9  805 

Braintree 

Brockton 

Commonwealth  Ave.  (Newton). 

Framingham  Union ...          .... 

Gardner  Electric. . . 

Globe  (Fall  River) . . . 

Gloucester 

Holyoke 

Pittsfield  Electric 

Plymouth  &  Kingston  . . , 

W.  Springfield 

Taunton 

Union  (New  Bedford) 

Welleslev  &  Boston 

West  Roxbury  &  Roslindale 

Worcester  Consolidated . . . 

Dedham 

Woronoco 

Total  and  average. . . 

12 
14 
11 
23 
1 

."      "  (C    13  omitted) 

C31 

C32 
C33 
C34 
C35 

New  Hampshire. 
Union  St.  Ry 

Dover  

Concord 

Manchester  . 

12  790 
19  311 
17  004 
44  126 
6  143 

Nashua  St.  Ry 

Concord  St.  Ry 

Manchester  St.  Ry 

Total  and  average 

Grand  total  and  average  ( C13  omitted): 


C  5.  Also  East  Bridgeport 

C  6.  Also  East  Windsor 

Hockanum 

N.  Glastonbury  I 

S.  Glastonbury  )  " ' 

Burnside 

Newington 

New  Britain 

S.  Windsor 

E.  Hartford 


2  890 

3  457 


16  519 
1  736 
4  455 


30  557 


C  8. 
C  11. 


Also  Centerville 

Also  Milford 

Orange 


C13.  Also  Newton 

Somerville. . 
Arlington. . . 
Brookline. . . 
Watertown. 

Medf  ord 

Maiden 


3  811 

4  537 


8  348 


24  379 

40  152 

5  629 

12  103 

7  073 

11  079 

23  031 

123  446 
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xn  Table  No.  4.     Electric  City  Railways. 


Mr.  Davis. 
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Passenger  trips  per 
capita  per  annum 
of  population 
served. 

4  193 

23  296 

8  723 

9  790 
48  410 

65 

51 

2  000?  Hi               CN.  B.1  . 

(a) 

6  632 

49 

5  353 

112 

— 

90  219 

57  449 

90  942 

13  700 
83  298 

14  257 

15  700 

91  146 
35  366 

87 

3  715 
2  954 

Fairfield 

W.  Hartford. . . 

3  868 
1  930 

71 

k  271 

98 

4  687 

29 

Morris  Cove 

Westville 1 

37 

46 

39 

City  Point... 

W.  Haven 

48 

6  218 

71 

401  858 

680  928 
27  991 
48  884 
24  379 
9  239 
8  424 
74  398 

24  651 
68  938 
20  166 

8  973 
65  489 

25  448 
46  774 
24  379 
29  546 
84  655 

9  805 

61 

70  028 
16  723 
4  441 

Chelsea 

27  909 

3  946 

4  852 

Everett 

11  068 
2  474 
2  474 

266 

34 

139 

59 

68 

40 

89 



55 

14  050 
2  885 
1  659 
5  077 

14  990 

S.  Hadley 

4  261 

61 
65 

77 

14  050 

Longmeadow. . 

2  183 

177 

44 

2  919 

3  122 

80 



29 

7  123 

49 

125 

. 

48 

1  215  794  (b) 
581  668  (c) 

193 

93(d) 

6  207 
1  092 

18  997 
20  403 
17  004 
44  126 
6  143 

31 

46 

57 

74 

37 

i 

106  673 
1  180  418 

56 

78 

■C  is.  Also  Easton 

Randolph. 
Avon 


4  493 
3  946 

1  384 


9  823 

(a)  Where  populations  are  omitted,  the  census  made  no  return;  for  approximation,  500 

inhabitants  are  assumed  in  each  case. 

(b)  This  total  is  67  272  less  than  the  column  foots  up,  due  to  repetition  of  several  cities  in 

the  table. 

(c)  Population  served,  omitting  C 13. 

\d)  Rides  per  capita  per  annum  of  population  served,  omitting  C 13 
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Mr.  Davis,  the  basis  of  estimates,  and  how  much  care  must  be  taken  not  to  be  led 
astray  in  any  given  case.  If  we  assume  that  the  steam  roads  of  the  New 
England  States  serve  the  entire  population,  we  get  gross  receipts  per 
head,  equal  to  87.32,  and  they  undoubtedly  do  serve  this  population, 
but  if  we  were  about  to  build  the  Boston  and  Albany  Railroad  (assuming 
it  did  not  exist),  could  we  properly  use  this  figure,  multiply  by  the 
total  population  and  say  that  would  be  the  probable  receipts;  or 
should  we  take  the  population  within  the  limits  of  division  (1) 
"those  who  live  adjacent  to  the  line  and  are  compelled  to  ride  upon 
it "  and  multiply  by  some  higher  figure,  determined  from  other  simi- 
lar cases?  The  latter  appeals  to  one  as  likely  to  produce  much  more 
accurate  results.  Table  No.  16  gives  the  various  amounts  per  head 
per  annum  for  various  assumed  "  populations  served,"  from  urban 
communities  having,  according  to  the  United  States  census,  popula- 
tions of  8  000  and  upward,  to  and  including  towns  of  1  000  and 
upward.  These  divisions  of  population  are  not  advanced  as  the 
proper  ones,  for  they  are  not,  but  to  bring  out  clearly  what  has  been 
said  before. 

Turning  to  Tables  Nos.  28  and  29,  we  see  great  fluctuations  in  the 
rides  per  capita  per  annum ;  this  is  partly  due  to  many  causes,  such 
as  population,  density,  distribution,  etc.,  etc.,  but  also  due  to  inac- 
curacies in  determining  "population  served."  From  the  tables  it  is. 
seen  that  the  entire  populations  of  towns  are  repeated  for  several  roads 
and  are  considered  as  being  served  by  and  serving  these  roads;  this  is 
necessary  unless  we  can  divide  the  territory,  which  would  be  most 
difficult.  If,  however,  it  were  done,  and  it  can  be,  the  results  would 
be  most  interesting  and  instructive.  By  the  divisions  we  have  made, 
it  is  shown  clearly  that  suburban  and  interurban  roads  either  do  not 
serve  as  great  a  population  as  the  aggregate  of  those  forming  their 
terminals  and  through  which  they  pass,  or  else  the  receipts  per  capita 
per  annum  are  less  from  those  they  do  serve.  As  a  matter  of  fact  both 
propositions  are  probably  true.  Our  average  of  78  in  Table  No.  29 
would  have  been  increased  materially  had  road  G  13  (Boston  Elevated) 
been  included  with  its  266  rides  per  capita  per  annum,  but  the  result 
would  not  have  been  as  accurate  for  application  to  other  problems. 

Effect  of  Competition. — One  often  hears  of  the  competition  which  elec- 
tric parallels  have  brought  to  our  steam-railroad  systems.  This  has  been 
exaggerated  greatly,  for  most  of  the  traffic  of  electric  railways  did  not 
exist  until  created  by  low  "total  cost  "  and  frequent  and  quick  service, 
although,  in  certain  isolated  cases,  the  building  of  electric  parallels  has 
temporarily  drawn  away  traffic  from  steam  railroads,  only  to  be  re- 
covered as  the  total  volume  naturally  increased.  This  fluctuation  and 
recovery  in  traffic,  on  parallels  which  changed  motive  powers,  has  been 
shown  clearly  in  the  building  of  elevated  and  street  railways  in  New 
York  City.     The  Third  Avenue  Elevated  so  decreased  the  traffic  oa 


Papers.]  DISCUSSION"  ON"  ELECTRICITY  VS.  STEAM  FOR  RAILROADS.  935 


the  horse  surface  road  as  to  cause  alarm  to  the  stockholders;  the  con-  Mr.  Davis, 
version  of  the  horse  railway  to  a  cable  road  decreased  the  travel  on 
the  elevated,  which  was  subsequently  more  than  recovered. 

Fig.  14  gives  a  good  example  of  the  decrease  in  traffic  on  the  Man- 
hattan Elevated  Railway  in  New  York  City,  operated  by  steam  loco- 
motives, due  to  the  increase  in  speed  and  frequency  of  service  on  the 
Metropolitan  Street  Railway  in  its  changes  from  horse  traction  to  cable 
and  electric.  The  loss  on  the  elevated  road  from  1893  to  1897  was 
approximately  40  000  000  passengers — part  of  which  was  due  to  the 
financial  depression  throughout  the  United  States,  as  indicated  by  the 
"  dip  "  in  all  curves  on  Fig.  15;  how  much  this  amounts  to  it  is  impos- 
sible to  determine  and  most  difficult  to  estimate,  but  an  approximation 
can  be  made  from  the  retardation  of  increase  shown  in  the  curve  on 
Fig.  15,  giving  passenger  trips  on  all  electric  roads  in  Massachu- 
setts. Projecting  the  curve  by  connecting  1893  with  1897  it  would 
indicate  a  natural  proportional  increase  in  1894  of  17  000  000  more 
passengers  than  actually  took  place,  which  represents  approximately 


Passenger 
Trips 


550,000,000 


200,000,000 


150,000,000 


1890 


1891 


1805 


1893  1894 

Fig. 14. 


1895 


1890 


189T 


1898 


the  retardation  due  to  the  financial  depression,  or  about  7.7%  of  the 
total  traffic.  If  we  assume  the  same  loss,  from  the  same  cause,  on  the 
elevated  railways,  about  17  000  000  of  the  above  40  000  000  loss  is 
accounted  for  by  the  industrial  depression,  leaving  23  000  000  loss  due 
to  competition.  During  the  same  period  the  Metropolitan  Street  Rail- 
way gained  about  110  0l)0  000  passengers,  or  nearly  five  times  as  many 
as  the  elevated  roads  lost.  The  mileage  of  both  roads  remained  con- 
stant, or  nearly  so,  as  in  the  Metropolitan  curve  are  included,  for  the 
years  taken,  all  roads  now  owned  or  operated  by  this  company.  These 
years  also  cover  the  change  in  motive  power  of  this  system.  This  in- 
crease in  traffic  on  the  street  railways  of  New  York  undoubtedly  comes 
largely  from  increase  in  speed,  better  physical  conditions,  such  as 
track,  cars,  lighting,  heating,  cleanliness,  open  cars,  etc.,  etc. 

The  elevated  railways  are  operated  under  the  same  general  condi- 
tions as  exist  on  street  railways,  although  the  units  are  heavier,  but 
they  are  very  frequent;  of  course,  they  have  the  disadvantage  of  being 
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Mr.  Davis.        TABLE  No.  30. — Effect  of  Competing  Electric   Intekubban 

Paballels  to  Steam  Ratleoads. 


Localities  Connected. 

Loss    due    to    trolley 
parallels,  as  claimed 
by  V.  P.   Hall  of  N. 
Y..  N.  H.  &  H.  R.  R., 
before          Railroad 
Committee,       State 
Legislature  of  Con- 
necticut (a). 

Approximate  distance 
in  miles    from  Rail- 
road Committee  Map. 

Hfcr*     . 

CO 

H 

o 

43 

(M 

o 

!>> 
CO 

o>  ce 
p,o 

CO  !** 

.&§? 

Eh 

Number  of  passengers 
carried    bv   Electric 
Railway   System   in 
and    between    these 
towns,  part  of  which 
traveled        between 
them,  1894. 

50°{ 
$35  per  day. 

80% 

90% 

30% 

90  V 
(6)  50%" 

4.75 
3.00 
5.50 
6.00 
5.50 
3.00 
3.00 

27 
36 
23 
13 
17 
16 

84 
841 
63  j 
69 
30 
112 

956  241 

Bridgeport— Stratford 

Bridgeport— Southport 

Waterbury— Naugatuck 

4  659  322  (Est.) 

2  624  421 
2  001  347 

Birmingham— Ansonia 

1  033  977 

1  090  263 

12  365  571 

(a)  Total  loss  to  N.  Y.,  N.  H.  &  H.  R.  R.  from  all  parallel  trolley  roads  in  the  State 
of  Connecticut  =  $4  000  per  month  =  $48  000  per  annum,  or  ^  of  1%  loss  on  total  pas- 
senger income  of  $12  971  000  in  1894,  as  shown  by  Railroad  Committee  Reports. 

(b)  64  passengers  were  carried  on  N.  Y.,  N.  H.  &  H.  R.  R.  in  the  month  of  December, 
1893,  and  9  in  the  same  month  of  1894,  or  a  total  loss  of  780  passengers  per  annum,  at  a 
possible  maximum  of  15  cents  =  $117. 


confined  to  what  might  be  called  "trunk"  lines  without  feeders. 
These  frequeut  units  are  now  operated  by  steam  locomotives,  but  a 
change  to  electric  motors  is  about  to  take  place.  This  change  is  not 
warranted  by  any  decrease  in  operating  expenses  which  will  take 
place,  either  actual  or  sufficient  to  offset  the  interest  on  the  additional 
investment,  although  in  the  first  years  of  electric  operation  figures 
will  no  doubt  be  produced  which  will  appear  to  indicate  such  a  result, 
as  in  two  cases  already  cited.  Nevertheless,  the  change,  if  made,  will 
be  a  profitable  one  from  the  natural  and  induced  increase  in  the  traffic 
of  the  future,  just  as  the  large  investments  of  our  steam  railroads  in 
improved  terminals,  track,  rolling  stock  and  stations  have  been  justi- 
fied. Similar  results  will  be  the  inducements  for  a  change  of  operative 
methods  on  parts  of  our  steam  railroad  systems,  which  change  neces- 
sitates a  change  in  motive  power. 

Table  No.  30  has  been  prepared  from  a  speech  by  Mr.  Edwin  B. 
Gager  before  the  Railroad  Committee  of  the  State  Legislature  at 
Hartford,  Conn.,  March  22d,  1895.*  For  many  years  bitter  warfare  has 
been  waged  against  interurban  electric  railways  by  the  Consolidated 
System  (New  York,  New  Haven  and  Hartford  Railroad  Company) 
resulting  in  the  electric  parallel  law,  where  "  public  convenience  and 
necessity  "  must  be  demonstrated  to  the  satisfaction  of  the  Superior 

*  Those  who  are  interested  can  obtain  a  reprint  of  Mr.  Gager's  speech  by  addressing 
him  at  Derby,  Conn. 
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Mr..Davis.  Court,  before  an  electric  railway  can  be  built  between  two  points 
already  connected  by  a  steam  railroad.  More  unwise  legislation 
against  a  natural  progress,  which  would  also  benefit  those  whose  influ- 
ence created  it,  can  scarcely  be  imagined.  It  is  fair  to  assume  that  in 
this  controversy — for  the  street  railways  naturally  opposed  such  legis- 
lation— both  sides  produced  the  strongest  arguments  in  support  of 
their  respective  contentions;  the  Consolidated  presenting  losses  of 
traffic,  while  the  street  railways  insisted  that  their  passenger  travel 
was  mostly  an  induced  one,  which  did  not  and  could  not  exist  under 
steam-railroad  conditions  and  operative  methods. 

An  examination  of  Table  No.  30  shows  conclusively  how  the  steam 
railroads  convicted  themselves.  The  Consolidated  System  only  claimed 
a  total  loss  of  $4  000  per  month,  or  $48  000  per  annum  on  the  entire 
system,  being  about  £  of  1%  of  their  gross  passenger  revenue.  If 
the  average  fare  were  10  cents,  this  would  mean  a  total  loss  of  480  000 
passengers  per  annum  out  of  a  total  of  44  448  324,  or  1.1%;  but  1894 
was  the  year  of  financial  depression,  when  the  steam  railroads  of 
Massachusetts  lost  8.3%  of  their  former  passenger  traffic,  so  that  only 
part  of  this  loss  on  the  Consolidated  was  due  to  trolley  parallels. 
"While  the  total  loss  to  the  Consolidated  was  given  by  its  officers,  all 
the  towns  between  which  it  occurred  were  not  stated,  so  that  in  Table 
No.  30  the  12  365  571  passenger  trips,  between  and  in  a  few  of  these 
towns,  is  only  part  of  the  total  passenger  traffic  of  the  street  railways 
serving  all  localities  where  such  loss  took  place.  Whether  this  figure 
should  be  increased  by  50  to  100%,  or  more,  we  cannot  say,  but,  in 
any  case,  the  data  are  sufficient  to  show  the  large  induced  traffic  of 
street  railways;  or,  in  other  words,  systems  which  give  low  fares, 
frequent  service,  short  total  time  consumed  in  round  trip  and  a  "leave- 
at-your-door  "  service. 

To  emphasize  the  fact  of  what  might  be  called  a  "  dormant  traffic," 
which  can  become  an  "induced  traffic  "  under  proper  operative  condi- 
tions, and  to  bring  out  this  fact  more  clearly,  Fig.  15  and  Table 
No.  31  have  been  prepared,  and  these  again  show  what  a  small  part  of 
the  traffic  of  street  railways  has  come  from  the  losses  of  steam 
railroads,  and  also,  that  a  large  part  of  this  loss  has  been  wrongly 
attributed  to  electric  parallel  competition. 

The  passenger  traffic  on  steam  railroads  in  Massachusetts  has 
increased  constantly  from  year  to  year  since  1870,  except  during  two 
periods,  both  of  which  coincide  with  industrial  depressions;  this  is 
shown  by  Curve  3,  Fig.  7,  where  the  loss  began  in  1873  and  1893. 
Short-haul  passenger  traffic  is  but  little  affected  by  financial  condi- 
tions, when  compared  with  the  effect  on  long-haul  traffic;  this  is  due 
mainly  to  necessity  being  the  basis  of  short-haul  passenger  business, 
or,  in  other  words,  it  is  composed  mostly  of  commuters  or  suburban 
and  interurban  travel.     Curve  2,  Fig.    6,  corroborates  this  position, 
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for  we  see  that  tlie  passenger  trips  on  street  railways  (short  hauls,  Mr.  Davis, 
from  necessity,  as  the  controlling  factors  in  volume  of  traffic  on  these 
systems),  increased  after  1874  and  1893.  although  less  rapidly  than  in 
the  year  previous,  but  there  was  no  actual  decrease.  This  curve  brings 
out  another  interesting  fact,  namely,  the  quicker  recovery  of  electric 
roads  and  their  more  rapid  increase  in  passenger  traffic  than  when 
operated  by  horse-power,  again  supporting  our  position.  In  Massa- 
chusetts, electric  railway  mileage  has  increased  along  with  the  pass- 
enger traffic  (1889  to  1898)  163%  in  the  former  to  123%  in  the  latter, 
or,  approximately,  each  has  kept  pace  with  the  other.  In  other  words, 
these  railways  have  been  built  where  traffic  did  not  previously  exist, 
nor  could  it  be  produced  by  the  steam  railroads  under  existing  con- 
ditions; it  has  beeu  'induced  :' by  the  character  of  the  electric  roads 
and  their  operative  methods.  Steam  railroad  mileage  has  only  increased 
10",,  in  Massachusetts  during  the  same  period,  and  passenger  traffic 
9.6%  (net). 


TABLE  No.  31. — Comparative  Loss  on  Steam  Railkoads   and   Gain- 
on  Electric  Railways— Massachusetts. — (See  Fig.  15). 
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Turning  to  Table  No.  31  and  Fig.  15,  we  see  that  the  net  loss  of 
passenger  traffic  on  all  the  steam  railroads  of  Massachusetts,  from 
1893  to  1898,  was  17  839  225;  but  during  the  same  years  the  street 
railways  increased  117  327  620,  or  6.5  times  the  loss  of  the  steam 
railroads.  If  7.7%  of  the  traffic  was  lost,  due  to  financial  conditions  (as 
estimated  heretofore),  then  only  8  600  000  passenger  trips  were  lost  to 
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Mr.  Davis,  the  steam  roads  of  the  State  from  trolley  competition.  If  the  average  fare 
lost  was  10  cents  (when  secured  by  the  street  railway  the  fare  would  be 
halved  or  even  less  for  them),  the  total  amounted  to  $860  000;or  2.4,%'  on 
the  gross  passenger  earnings  and  1.  \%  on  the  gross  earnings  of  the  steam 
railroads;  this  would  only  amount  to  about  1%  of  the  total  net  earnings. 
Again,  the  net  loss  to  steam  railroads  in  and  out  of  Boston,  from  1893 
to  1898,  was  7  614  074,  while  the  West  End  Street  Railway  (controlling 
practically  all  street  railways  in  and  out  of  Boston),  increased  47  457  677 
or  6.2  times  the  loss  of  the  steam  roads.  Applying  the  same  argu- 
ment, only  3  225  000  passengers  were  lost  by  the  steam  roads  in  and 
out  of  Boston,  due  to  this  competition.  This  would  not  be  fair,  how- 
ever, for  this  traffic  is  made  up  more  largely  of  commuters  than  long- 
haul  passengers.  Assume  it  at  5  000  000,  which  is  undoubtedly  too 
high,  and  with  an  average  commutation  rate  of  7  cents,  the  loss  is  only 
$350  000  at  the  maximum.  Furthermore,  the  greatest  gains  of  the  street 
railways  throughout  the  State,  and  the  West  End  Street  Railway  alone, 
were  in  1895  and  1898,  when  the  steam  roads  lost  the  least.  All  these 
data  point  to  the  conclusion,  already  stated,  that  competition  does  not 
take  place  to  the  extent  usually  believed;  while  an  "  induced  "  traffic 
is  created  by  the  low  fares,  frequent,  quick  and  "  leave-at-your-door" 
service,  rendered  possible  by  the  physical  characteristics  and  operative 
methods  of  the  electric  roads. 

Fig.  16  is  from  Table  No.  28.  Populations  are  arranged  in  the 
order  of  magnitude  as  abscissas,  beginning  with  the  smallest  served, 
while  the  passengers  per  capita  per  annum  are  ordinates.  The  result- 
ing curve  shows  no  well-defined  law. 

Fig.  17  is  the  same  from  Table  No.  29,  and  indicates  plainly  that  as 
populations  increase,  the  rides  per  capita  per  annum  also  increase. 

Fig.  18  is  made  from  towns  arranged  in  the  order  of  their  density  of 
population.     The  curve  shows  no  well-defined  law. 

The  determination  of  the  desirability  or  undesirability  of  substitu- 
ting electric  traction  for  steam  on  parts  of  some  American  railroad 
systems  is  a  matter  of  constantly  increasing  importance;  on  many  pro- 
jected lines  the  question  whether  steam  or  electricity  shall  be  used  is 
a  problem  which  must  now  be  solved,  although  in  the  past  there  was 
no  question  as  to  which  should  be  adopted.  We  will  probably  see 
during  the  next  ten  years  a  large  increase  in  the  substitution  of  elec- 
tricity for  steam  on  railroads.  This  change  is  foreshadowed  by  the 
present  electrical  equipment  of  elevated  railways  in  Chicago;  by  the 
overhead-trolley  and  third-rail  experiments  of  the  New  York,  New 
Haven  &  Hartford  Railroad  Company;  by  the  operation  of  several 
branch  lines  of  the  Pennsylvania  Railroad  Company  with  electric 
motors;  and  by  the  present  active  discussions,  among  steam-railroad 
engineers  and  managers,  of  the  details  of  first  cost,  operating  expenses, 
and  methods  of  electric  traction. 
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Mr.  Davis.  If  a  change  is  contemplated,  steam-railroad  managers  must  avoid 
making  the  mistake  which  took  place  in  the  change  from  horse  trac- 
tion to  electric  traction — namely,  of  trying  to  reduce  the  first  cost  of 
changing  by  the  use  of  old  methods,  material,  and  equipment,  which, 
although  entirely  suited  to  the  old  system,  proved  most  unsatisfactory 
under  the  new  conditions.  The  old  equipment  partly  made  over  will 
not  do.  There  must  be  new  trucks,  and  new  and  lighter  car  bodies, 
hung  lower  for  greater  ease  of  entrance  and  departure.  Old  methods  of 
operation  must  be  discarded,  and  new  ones  substituted.  A  change  of 
system  may  necessitate  additional  tracks,  which  should  be  provided 
even  at  large  cost.  The  nearer  the  approach  to  the  "  leave-at-your- 
door"  service,  the  greater  the  success. 

Let  us  consider  some  examples  where  it  is  probable  that  electricity 
could  be  substituted  with  profit,  remembering  that  more  thorough 
investigation  might  show,  in  this  or  that  case,  that  the  change  is 
undesirable. 

Suburban  service  of  the  Pennsylvania  Railroad,  out  of  Philadel- 
phia, as  follows: 

P.,  W.  &  B.  Division  to  Wilmington. 
Main  Line  "  "  Paoli. 

Germantown  &  Chestnut  Hill  "  "  Chestnut  Hill.  • 

Beading  "  "  Norristown. 

U.  R.  Rs.  of  N.  J.  "  "  Tacony. 

West  Chester  "  "  West  Chester. 

By  the  use  of  multiphase  currents  and  rotary-transformer  sub- 
stations, power  houses  could  be  located  along  the  Delaware  and 
Schuylkill  rivers;  from  these  sub-stations  direct  current  at  500  volts 
could  be  fed  into  the  trolley  or  third-rail  line.  The  equipment 
should  be  entirely  new;  cars  of  the  same  seating  capacity,  but  lower 
and  of  lighter  construction,  should  be  used;  the  bridge  over  the 
Schuylkill  River  into  Broad  Street  Station  should  be  widened  by  four 
additional  tracks;  main  line  and  U.  B.  Bs.  of  N.  J.,  by  two  tracks, 
each;  P.  W.  &  B.  should  have  a  total  of  four  tracks;  Germantown  & 
Chestnut  Hill,  Beading,  and  West  Chester  should  each  have  a  total  of 
three  tracks;  all  tracks  should  be  equipped  electrically,  although 
some  of  them  would  be  used  by  steam  locomotives  hauling  freight 
and  through  passenger  trains,  and  some  or  all,  at  times,  by  both 
systems.  Two  tracks  should  be  laid  in  the  street  from  Broad  Street 
Station  to  the  Schuylkill  Bridge  coming  to  railroad  grade  at  that 
point;  the  cars  running  over  these  tracks  should  operate  from  the 
Delaware  Biver  out  Market  Street,  by  trackage  arrangement  with  the 
street  railway  or  by  special  franchise,  the  street  being  wide  enough 
for  four  tracks;  they  should  be  run  as  any  street-railway  line  is  run 
to-day,  and  continue  out  on  the  extra  tracks,  provided  above,  as  far 
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Mr.  Davig. 
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Mr.  Davis,  as  circumstances  might  warrant,  and  should  be  extended  as  travel 
required;  right-of-way  should  be  prepared,  so  that  passengers  could 
leave  or  enter  these  cars  at  any  point  along  the  line.  Local  stations 
should  be  provided,  in  some  cases  much  closer  than  at  present,  at 
which  passengers,  on  the  cars  mentioned  above,  could  change  to  elec- 
tric cars  stopping  only  at  said  stations,  or  to  express  electric  trains 
stopping  at  fewer  points,  all  being  done  by  the  payment  of  a  single 
fare.  It  will  be  seen  that  this  is  a  combination  of  the  street  railway 
on  the  outside  tracks  with  the  local  and  express  service  of  a  steam 
road  on  the  inside  tracks,  while  the  through  locomotive  trains  operate 
on  the  middle  tracks.  The  proposition  is  a  radical  one,  is  advanced 
as  such,  and  will  bear  close  investigation  and  study;  the  expense 
would  be  enormous,  but  the  gross  receipts  from  such  a  system  of 
street  railways,  accumulating  passengers  for  the  rapid-transit  system 
connected  so  intimately  with  it,  would  also  be  enormous — in  fact,  the 
writer  believes,  far  in  excess  of  anything  yet  accomplished  in  the 
transportation  of  passengers. 

The  same  treatment  of  the  following  terminals,  with  modifications 
to  suit  each  case,  would  be  worth  studying: 

New  York,  New  Haven  and  Hartford  Railroad,  out  of  Boston. 

Boston  and  Maine,  out  of  Boston. 

Philadelphia  and  Reading,  out  of  Philadelphia. 

Harlem,  New  York  Central  and  Hudson  River,  and  New  York, 

New  Haven  and  Hartford  Railroad  Companies,  out  of  New 

York  City. 
Central  Railroad  Company  of  New  Jersey,  out  of  Jersey  City. 
Illinois  Central  Railroad,  out  of  Chicago,  etc.,  etc. 

The  above  is,  of  course,  only  a  suggestion  of  details. 

As  an  example  of  interurban  traffic,  we  can  take  Ansonia  and  New 
Haven,  Conn.  When  the  steam  railroad  owns  the  systems  of  street 
railways  in  both  towns,  their  cars  will  pick  up  passengers  at  either 
center,  will  pass  onto  the  present  steam  tracks  on  the  right-of-way  cf 
the  New  Haven  and  Derby  Railroad  (New  York,  New  Haven  and  Hart- 
ford Railroad  Company),  run  at  high  speed  without  stops  to  the  other 
center,  pass  onto  the  local  street  railway  tracks  there  and  distribute 
its  passengers  where  they  desire,  all  for  one  fare.  Such  a  system 
operated  by  electric  motors  would  be  a  financial  success,  where  a  line 
like  the  third-rail  between  Hartford  and  New  Britain  is  a  failure  in  the 
true  sense.  Many  other  similar  examples  might  be  given,  but  this 
indicates  the  future  of  our  steam  railroads. 

It  must  not  be  inferred  that  all  or  any  of  the  cases  suggested  above, 
if  thoroughly  investigated,  wordd  prove  the  expense  warranted, 
especially  that  of  laying  additional  tracks.  It  is,  however,  the  writer's 
judgment  that  in  most  cases  additional  tracks  would  be  necessary  to 
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make  the  system  profitable  and  able  to  handle  the  "induced"  traffic.  Mr.  Davis. 
Emphasis  must  be  placed  upon  the  importance  of  radical  changes  in 
present  steam-railroad  methods  to  make  the  change  to  electricity  pay. 
Electric  traction  in  connection  with  existing  tracks  and  equipment,  and 
under  existing  operative  methods,  will  result  in  heavy  loss  and  ultimate 
abandonment  of  the  change— possibly  even  in  disaster. 


The  argument  has  thus  far  been  confined,  for  reasons  stated,  to 
suburban  and  interurban  short  hauls,  and  the  writer  feels  convinced 
from  his  investigation  of  the  subject  that  the  adoption  of  electricity 
as  a  mode  of  operation,  with  the  additional  change  to  the  prevailing 

*  The  data  for  the  diagram,  Fig.  18,  are  taken  from  Table  No.  39  of  a  paper  by 
Charles  H.  Davis,  M.  Am.  Soc.  C.  E..  entitled  "  Facts  and  Figures  Interesting  to  Electric 
Railway  Men." 
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Mr.  Davis,  methods  of  our  present  street  railways  giving  nearly  the  same  class  of 
service  (combined  or  not  with  steam  locomotives  as  the  case  may 
require),  will  result  to  the  steam  roads  in  an  enormous  increase  of 
the  total  passengers  carried,  passengers  per  car-mile  and  rate  received 
per  mile,  and  will  shorten  the  length  each  passenger  is  hauled;  and,  by 
thus  increasing  the  gross  receipts,  will  more  than  pay  for  the  additional 
investment.  If  this  cannot  be  done  in  any  given  case,  then  it  will  not 
pay  to  make  the  change. 

In  conclusion,  the  writer  wishes  to  quote  from  the  final  paragraphs 
of  a  paper  presented  by  him  to  the  American  Institute  of  Electrical 
Engineers,*  wherein  was  expressed  the  convictions  given  in  this  dis- 
cussion, and  which  he  sees  no  reason  to  change  at  this  writing.  This 
was  prior  to  the  third-rail  experiments  of  the  New  York,  New  Haven 
and  Hartford  Railroad. 

"  The  question  whether  the  gross  receipts  of  a  given  road  will  be 
affected  by  the  use  of  one  or  the  other  power  under  discussion  is  a 
most  interesting  one.  Experience  shows  that  where  an  electric  road 
has  paralleled  a  steam  road  it  has  taken  most  of  the  latter's  business 
at  first,  but  less  as  time  went  on;  and  that  it  created  a  demand  for 
intercommunication  which  had  never  existed  before — the  bulk  of  the 
passenger  travel  coming  from  this  cause.  This  is  interestingly  shown 
in  the  arguments  of  Judge  Hall  (Vice-President  of  the  New  York,  New 
Haven  and  Hartford  Railroad)  and  Judge  Gager,  of  Connecticut, 
before  the  Legislature  of  the  State  at  its  last  session.  This,  of  course, 
refers  to  passenger  receipts  only.  Freight  receipts  would  not  be 
affected  by  the  use  of  one  power  or  the  other,  they  increasing  only  as- 
the  country  grows  and  rates  fall,  together  with  better  facilities.  Re- 
ceipts from  express  and  mails  might  be  materially  increased  by  the 
use  of  electric  traction  when  giving  more  frequent  service.  It  appears 
that  the  close  headwav  and  '  leave-at-your-door  '  service  of  electric 
roads  are  the  main  reasons  for  their  induced  travel.  The  question  of 
how  much  more  the  travel  would  be  increased  by  the  use  of  electric 
traction  and  frequent  service  is  problematical,  for  the  'leave-at-your- 
door  '  service  is  wanting  in  steam  railways  as  they  are,  but  why  not 
change  them?  If  this  could  be  done,  past  experience  and  data  would 
give  a  good  basis  from  which  to  estimate  future  results. 

"The  conclusion  one  arrives  at  is  that  for  long  lines,  infrequent 
service,  where  freight  is  a  large  proportion  of  the  business,  and  where 
centers  of  population  are  far  apart,  the  steam  locomotive  is  the  only 
paying  method  of  to  day,  as  the  first  cost  will  be  less,  as  well  as  total 
expenses.  The  writer  has  had  several  opportunities  of  determining- 
these  facts.  What  development  may  bring  to  electric  traction  in  the 
far  future  cannot  be  foretold. 

"The  writer  believes  that  electric  traction  will  be  profitable  to 
steam  railway  systems  when  some  or  all  of  the  following  conditions 
are  fulfilled,  depending  upon  the  special  problem  to  be  solved: 

"1.  Steam  railway  managers  must  avoid  making  the  mistake  which 
took  place  in  the  change  from  horse  traction  to  electric  traction, 
namely,  of  trying  to  reduce  the  first  cost  of  changing  by  use  of  old 
methods,  material  and  equipments,  which,  although  entirely  suited  to 

*  Meeting  of  October  21st,  1896. 
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the  old  system,  proved  most  unsuitable  under  tlie  new  conditions.  Mr.  Davis. 
The  tendency  is  to  repeat  this  mistake,  and  too  much  stress  cannot  be 
laid  upon  avoiding  it.  The  old  equipment  partly  made  over,  the  old 
method  of  operating,  etc.,  will  not  bring  success  in  the  use  of  electric 
traction;  and  if  followed  from  necessity  would  indicate  the  strongest 
argument  against  the  change. 

"2.  Long  distance,  heavy  traius  and  infrequent  service,  if  a  neces- 
sity, will  prevent  electric  traction  being  profitable.  Therefore,  where 
gross  receipts  can  be  increased  by  light  trains  and  frequent  service, 
and  thus  decrease  expenses,  as  compared  to  steam  locomotives,  electric 
traction  will  prove  profitable.  One  of  the  best  examples  of  how  this 
could  be  applied  is  found  in  the  suburban  service  of  the  Pennsylvania 
Railroad  out  of  Philadelphia.  It  is,  of  course,  understood  that  electric 
cars  can  be  operated  over  the  same  tracks  as  trains  drawn  by  steam 
locomotives;  a  change  of  system  requiring  more  frequent  service  for 
success  might  necessitate  one  or  more  additional  tracks,  which  in  some 
cases  would  delay  the  time  when  a  change  would  be  advisable. 

"3.  Steam  railways,  where  the  second  condition  is  fulfilled,  can 
better  the  results  where  they  operate  part  of  the  system  on  the  '  leave- 
at-your-door '  plan.  This  suggestion  may  seem  to  some  a  radical 
departure,  but  I  commend  it  to  the  careful  thought  of  those  inter- 
ested." 

The  writer's  final  conclusion  is  that  electric  traction  can  be  profit- 
ably used: 

(1)  Where  units  are  so  light  and  so  frequent,  and  carried  such 
short  distances,  that  steam  locomotives  cannot  be  furnished  at  lower 
first  cost  or  operated  more  cheaply,  as  in  the  plain  case  of  a  street 
railway. 

(2)  Where  the  gross  receipts  will  be  so  increased  by  the  change  of 
system  and  the  mode  of  operation  as  to  more  than  pay  for  the  increased 
first  cost  and  operating  expenses  per  car-mile,  as  in  the  case  of  subur- 
ban steam  systems  running  out  of  our  great  cities  and  interurban 
systems  between  large  towns  situated  a  few  miles  apart. 

(3)  When  competition  of  parallel  electric  roads  compels  the  change 
to  save  what  traffic  there  is,  irrespective  of  the  question  whether  it  will 
be  more  profitable. 

(4)  Where  higher  speeds  are  required  than  can  be  attained  by  steam 
locomotives. 

High  Speed  Railways. 

This  discussion  would  not  be  complete  without  reference  to  another 
field  where  electric  motors  will  prove  a  profitable  method  of  operation, 
namely,  (4)  where  higher  speeds  are  required  than  can  be  attained  by 
steam  locomotives.  This  discussion  is  already  long  enough,  so  that 
the  consideration  of  this  must  be  postponed,  but  the  reader  is  referred 
to  "Enormous  Possibilities  of  Rapid  Electric  Travel,"  by  the  writer.* 

*  Engineering  Magazine,  1897. 
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Mr.  Davis.  In  that  paper  is  expressed  the  belief  that  large  centers  of  population, 
reasonably  near  together,  will  eventually  be  connected  by  railways 
operating  at  150  miles  per  hour  or  over,  with  the  local  street  railways 
as  feeders  and  distributors. 

Many  more  interesting  facts  and  deductions  can  be  obtained  from 
a  careful  examination  and  analysis  of  the  curves  and  tables.  They  are 
left  to  the  intelligence  of  the  reader. 
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MEMOIRS  OF  DECEASED  MEMBERS. 

Note. — Memoirs  will  hereafter  be  reproduced  in  the  Volumes  of  Transactions.  Any 
information  which  will  amplify  the  records  as  here  printed,  or  correct  any  errors, 
should  he  forwarded  to  the  Secretary  prior  to  the  final  publication. 


HENRY   FLAD,  M.  Am.  Soc.  C.  E. 


Died  June  20xh,  1898. 


Henry  Flad  was  one  of  many  men  of  rare  ability  for  whose  pres- 
ence in  America  we  are  indebted  to  the  Republican  Revolution  of 
1848-49  in  Germany.  He  was  born  July  30th,  1824,  in  the  Grand 
Duchy  of  Baden,  near  the  university  town  of  Heidelberg.  His  father, 
Jacob  Flad,  dying  within  the  same  year,  his  mother,  Francisca  Brunn 
Flad,  very  soon  afterward  removed  to  the  town  of  Speyer,  a  few  miles 
distant,  upon  the  left  bank  of  the  Rhine,  in  the  Rhine  Palatinate,  a 
province  belonging  to  Bavaria.  After  passing  through  the  prepara- 
tory schools  of  Speyer,  young  Henry  entered  the  University  of 
Munich,  in  Bavaria,  where  he  took  the  polytechnic  course.  Upon  his 
graduation  in  1846,  at  twenty-two  years  of  age,  he  was  given  a  posi- 
tion in  the  engineering  service  of  the  Bavarian  Government,  his  first 
employment  being  on  works  for  the  improvement  of  the  River  Rhine. 

The  years  which  immediately  followed,  particularly  1848  and  1849, 
were  years  of  great  political  commotion  throughout  Europe.  Encour- 
aged by  the  success  of  the  revolution  in  France,  which  drove  out 
King  Louis  Philippe,  the  longings  of  the  German  people  for  a  freer 
and  more  united  government  found  such  vigorous  expression  that  the 
princes  of  the  many  petty  States  into  which  Germany  was  divided 
acceded  to  the  convocation  of  a  National  Assembly  or  Parliament, 
which,  in  May,  1848,  met  in  Frankfurt  to  frame  a  constitution  for 
United  Germany.  Unfortunately,  the  deliberations  of  this  assembly 
showed  such  wide  differences  of  opinion  and  so  little  ability  to  unite 
in  any  workable  plan  that  the  ardor  of  the  more  conservative  classes 
began  to  cool.  The  princes  seized  their  opportunity  to  reassert  them- 
selves, and  repudiated  the  authority  of  the  Parliament. 

In  Southern  Germany,  the  champions  of  the  Parliament  took  up 
arms  in  its  behalf.  Among  them  was  Henry  Flad,  who,  then  in  his 
twenty -fifth  year,  joined  the  Parliamentary  army  as  a  captain  of  engi- 
neers. Fortune,  however,  was  against  them,  and,  after  several  engage- 
ments, the  Parliamentary  army  was  driven  into  Switzerland,  and  dis- 
banded. Meanwhile,  its  leaders  were  placed  under  the  ban,  and 
Captain  Flad,  with  many  others,  was  sentenced  to  death. 

*  Memoir  prepared  by  Robert  Moore,  Joseph  P.  Davis  and  J.  A.  Ockerson,  Members, 
Am.  Soc.  C.  E. 
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Under  these  circumstances  he  very  naturally  turned  his  face  west- 
ward, took  passage  for  the  United  States,  and,  in  the  autumn  of  1849, 
landed  in  New  York. 

His  first  employment,  after  his  landing,  was  as  a  draftsman  in  an 
architect's  office.  It  was  not  long,  however,  before  he  entered  the 
engineering  service  of  the  New  York  and  Erie  Railroad,  then  under 
construction,  his  headquarters  being  at  Dunkirk,  at  the  extreme  west- 
ern end  of  the  road.  Mr.  James  P.  Kirk  wood  and  Mr.  James  H. 
Morley,  with  whom  Captain  Flad  was  afterward  associated,  were  also 
employed  at  this  time  on  the  same  road.  After  the  completion  of  the 
New  York  and  Erie  Railroad,  in  1851,  we  first  hear  of  Captain  Flad  as 
located  for  a  time  at  Tonawanda,  between  Niagara  Falls  and  Buffalo; 
and,  then,  in  1852,  as  au  assistant  engineer  in  the  construction  of  the 
Ohio  and  Mississippi  Railroad  from  Cincinnati  to  St.  Louis,  his  head- 
quarters being  at  Yincennes,  Ind. 

Upon  the  opening  of  the  Ohio  and  Mississippi  Raili'oad  to  St. 
Louis,  in  1854 — that  being  the  first  railway  to  reach  St.  Louis  from 
the  East — Captain  Flad  went  to  Missouri  as  an  assistant  engineer  on 
the  Iron  Mountain  Railroad,  of  which  his  former  colleague  on  the 
Erie  Railroad,  Mr.  James  H.  Morley,  was  the  chief  engineer.  During 
the  construction  of  this  road,  Captain  Flad  was  located  at  Potosi,  Mo. 
After  its  completion  to  Pilot  Knob,  where  for  a  number  of  years  it 
ended,  he  became  land  and  tie  agent  of  the  railroad  company,  with 
headquarters  at  Arcadia,  Mo.  During  this  period,  on  September  12th, 
1856,  Captain  Flad  was  married  to  Miss  Reichard,  of  St.  Louis. 

Upon  the  outbreak  of  the  Civil  War,  in  1861,  Captain  Flad  came  to 
St.  Louis;  and  enlisted,  on  June  15th,  as  a  private  soldier  in  Company 
F,  of  the  Third  Regiment,  United  States  Reserve  Corps.  He  was  soon 
promoted  Corporal,  and  then  Sergeant. 

In  July,  1861,  a  regiment,  known  as  "The  Engineer  Regiment  of 
the  West,"  recruited  mainly  in  the  States  of  Illinois  and  Missouri,  was 
organized  by  Colonel  J.  W.  Bisseli,  and  Henry  Flad  was  made  Captain 
of  Company  B.  In  August  of  the  same  year  he  was  detailed  by  General 
Fremont,  then  in  command  at  St.  Louis,  for  service  in  the  construction 
of  fortifications  at  Cape  Girardeau,  Mo.,  where  he  remained  for  several 
months.  Later  in  the  year,  when  Fremont  was  succeeded  by  General 
Halleck,  Captain  Flad  was  ordered  to  join  General  Pope  in  southeast 
Missouri,  and  served  as  a  staff*  officer  through  the  campaign  of  New 
Madrid  and  Point  Pleasant,  and  at  the  taking  of  Island  Number  Ten, 
after  which  he  rejoined  his  regiment  at  New  Madrid.  He  was  with  his 
regiment  at  Fort  Pillow  and  Pittsburg  Landing,  and  during  the  opera- 
tions before  Corinth.  During  the  summer  of  1862  he  was  engaged  in 
repairing  the  Mobile  and  Ohio  Railroad,  in  building  forts  at  Corinth, 
and  in  repairing  the  Mississippi  Central  Railroad.  He  was  also 
engaged  in  Grant's  advance  on  Grenada.     In  February,  1863,  he  was 
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ordered  to  Young's  Point,  where  he  was  employed  in  engineering 
work,  as  he  was  later  at  Baxter  Bayou,  Lake  Providence  and  Bayou 
Macon. 

In  April,  1863,  he  had  charge  of  the  repairs  of  the  Memphis  and 
Charleston  Railroad  at  Memphis,  Grand  Junction,  Jackson  and 
Columbus.  In  October  of  the  same  year  he  was  employed  in  repairing 
the  same  railroad  east  of  Corinth,  under  General  Sherman,  and  was 
with  him  at  Cherokee,  Bear  Creek  and  Iuka,  in  northern  Mississippi. 

Meanwhile  he  had  been  promoted  on  November  17th,  1862,  to  the 
rank  of  Major,  on  July  30th,  1863,  to  that  of  Lieutenaut-Colonel,  and 
on  October  16th,  1863,  to  that  of  Colonel.  On  January  1st,  1864,  at 
Nashville,  Tenn.,  he  was  transferred,  as  Colouel,  to  the  First  Regiment 
of  Engineers,  Missouri  Volunteers,  a  new  regiment  formed  by  the  con- 
solidation of  the  former  engineer  regiment  and  the  Twenty-fifth  Mis- 
souri Infantry.  During  the  summer  of  1861  he  was  engaged  in  com- 
pleting the  Nashville  and  Northwestern  Railroad  from  Nashville  to 
Johnsouville,  and  in  constructing  defensive  works.  In  August  he  was 
ordered  to  Atlanta,  and  served  there  and  in  that  neighborhood  until 
about  the  first  of  November,  his  last  work  being  the  construction  of  a 
new  line  of  fortifications  at  Atlanta. 

At  that  time  the  term  of  enlistment  of  seven  companies  expired. 
The  command  of  the  remaining  five  companies  then,  under  the  army 
regulations,  devolved  upon  the  Lieutenant-Colonel,  and  the  Colonel 
was  mustered  out  November  12th,  1861,  at  Nashville,  Tenn.  His  term  of 
service  had  been  three  years  and  six  months,  during  which  time,  with 
not  more  than  a  week's  leave  of  absence,  he  had  been  constantly  in  the 
field. 

Upon  being  mustered  out,  Colonel  Flad  returned  to  St.  Louis,  and 
began  to  look  around  for  employment  in  his  profession.  In  a  short 
time  the  agitation  for  an  improved  water  supply  for  St.  Louis  resulted 
in  a  State  law  authorizing  the  appointment  of  a  Board  of  Water  Com- 
missioners, charged  with  the  duty  of  making  surveys  and  plans  and 
constructing  a  new  system  of  water-works  for  the  city.  Soon  after  the 
organization  of  the  new  board,  in  the  spring  of  1865,  Mr.  James  P. 
Kirk  wood,  who  had  formerly  been  chief  engineer  of  the  Pacific  (now 
the  Missouri  Pacific)  Railroad,  and  had  just  completed  the  building  of 
new  water-works  for  Brooklyn,  N.  Y.,  was  appointed  chief  engineer, 
and  Henry  Flad,  chief  assistant  engineer. 

Surveys  and  investigations  were  at  once  begun,  and,  by  the  end  of 
the  year,  a  plan  was  presented  for  new  works  with  intake,  settling 
basins  and  filter  beds  at  the  Chain  of  Rocks,  aud  a  distributing  reservoir 
on  what  was  then  known  as  Rinkel's  Hill,  on  Easton  Avenue,  near  the 
present  city  limits.  This  plan  received  the  approval  of  the  Board  of 
Water  Commissioners;  and,  as  subsequent  experience  has  abundantly 
proven,  was  undoubtedly  the  best.     But,  besides  running  counter  to 
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some  private  interests,  it  involved  such  a  large  outlay  and  such  a 
radical  departure  from  the  old  plan  that,  on  the  part  of  many  leading 
citizens,  as  well  as  the  city  authorities,  it  encountered  overwhelming 
disapproval.  The  opposition  finally  became  so  great  that  the  Water 
Commissioners  were  called  upon  by  the  City  Council  to  resign.  To 
this  demand  they  presently  acceded,  and,  in  July,  1866,  a  new  board, 
committed  to  a  new  plan,  was  appointed.  Meanwhile  Mr.  Kirkwood 
had  been  commissioned  to  go  to  Europe  to  study  the  subject  of  filtra- 
tion, and  Colonel  Flad  was  left  as  acting  chief  engineer.  In  Decem- 
ber, 1866,  a  revised  plan,  with  intake  and  settling  basins  at  Bissel's 
Point  and  a  distributing  reservoir  on  Compton  Hill,  substantially  as 
afterward  built,  was  presented. 

Early  in  the  following  year,  the  act  organizing  the  Board  of  Water 
Commissioners  was  amended,  the  number  of  members  being  reduced 
from  four  to  three,  and  in  March,  1867,  a  new  board  was  appointed 
with  Colonel  Flad  as  one  of  its  members.  This  position  he  held  con- 
tinuously by  reappointment  for  eight  years,  or  until  April,  1875.  Dur- 
ing that  time  the  new  water-works  were  completed,  and  during  the 
year  1872  were  put  into  service. 

While  he  was  still  acting  as  assistant  engineer  to  Mr.  Kirkwood, 
Colonel  Flad  made  the  acquaintance  of  Captain  James  B.  Eads,  who 
was  at  that  time  engaged  upon  plans  for  gun  carriages  and  turrets. 
The  rooms  occupied  by  the  Water  Board  being  larger  than  they  then 
needed,  Captain  Eads,  upon  his  request,  had  been  granted  space  in 
which  to  place  a  draftsman  at  work.  This  was  followed  by  frequent 
discussions  between  the  two  men  upon  engineering  questions,  which 
led  to  a  mutual  recognition  of  each  other's  abilities  and  laid  the  foun- 
dation of  a  life-long  friendship.  When,  therefore,  in  1868,  Captain 
Eads,  as  chief  promoter  as  well  as  chief  engineer,  was  ready  to  begin 
the  work  of  constructing  the  great  bridge  over  the  Mississippi  River 
at  St.  Louis,  he  very  naturally  tendered  the  position  of  chief  assistant 
engineer  to  Colonel  Flad.  As  the  duties  of  the  latter  as  member  of 
the  Board  of  Water  Commissioners  did  not  require  all  his  time,  this 
opportunity  to  take  part  in  this  most  interesting  and  important  work  was 
gladly  accepted,  and  he  retained  his  connection  with  it  until  its  com- 
pletion in  1874.  Some  of  the  boldest  features  of  this  great  enterprise, 
such  as  the  method  of  erection  without  false  work,  were  due  to  Colonel 
Flad. 

During  1875  and  1876  he  was  engaged  as  consulting  engineer  in 
various  works  in  conjunction  with  Mr.  Charles  Pfeiffer,  who  had  been 
associated  with  him  on  the  St.  Louis  bridge,  Mr.  Thomas  J.  Whitman, 
Chief  Engineer  of  the  Water-Works,  and  Professor  Charles  A.  Smith,  of 
Washington  University.  Among  his  other  engagements  was  that  of 
engineer  for  the  commissioners  who  purchased  and  laid  out  Forest 
Park,  St.  Louis. 
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In  the  autumn  of  1876,  the  new  charter  of  the  City  of  St.  Louis 
was  inaugurated,  and  Colonel  Flad  was  elected  the  first  President  of 
the  newly  constituted  Board  of  Public  Improvements.  This  office  he 
held  continuously  for  nearly  fourteen  years,  being  re-elected  in  1881, 
1885  and  1889. 

The  problem  to  which  the  new  Board  addressed  itself  was  that  of 
taking  the  whole  system  of  municipal  public  works  out  of  the  mire  of 
politics,  and  placing  it  upon  the  basis  of  merit  and  fitness.  Into  this 
work  Colonel  Flad  entered  with  characteristic  zeal  and  a  determin- 
ation which  nothing  could  shake.  His  efforts  were  crowned  with  entire 
success,  so  that  during  the  whole  period  of  his  administration  the 
Board  over  which  he  presided  had  the  entire  confidence  of  the  whole 
coinnnmity.  Every  citizen  felt  sure  that  in  every  department  of  the 
public  works  the  city  received  a  dollar's  worth  for  every  dollar  spent, 
and  in  this  respect  St.  Louis  became  a  model  for  other  cities. 

In  April,  1890,  he  resigned  his  office  as  President  of  the  Board  of  Public 
Improvements  to  accept  an  appointment  as  member  of  the  Mississippi 
River  Commission,  a  position  in  which  he  remained  until  his  death. 

Into  this  new  field  of  work  he  entered  with  characteristic  zeal  and 
energy.  In  November,  1891,  he  was  appointed  a  member  of  a  com  • 
mittee  of  the  Commission  to  prepare  a  project  for  the  construction  of 
a  dredge  boat  to  be  used  in  deepening  the  Mississippi  River  over  the 
bars  in  extreme  low  water — a  problem  in  which  his  remarkable 
mechanical  ingenuity  found  a  fertile  field.  After  a  most  careful  study 
of  the  subject  in  all  its  bearings,  plans  were  drawn  for  an  experimental 
dredge,  which  was  built  under  his  personal  supervision. 

While  this  experimental  dredge  was  by  no  means  perfect,  its  main 
features  were  found  to  meet  the  requirements  so  well  that  they  have 
been  embodied  in  all  the  later  dredges  built  by  the  Commission,  and 
its  construction  marks  the  beginning  of  a  new  era  in  the  history  of 
river  improvement. 

Colonel  Flad  became  a  member  of  the  American  Society  of  Civil 
Engineers  on  February  15th,  1871,  and  was  President  of  the  Society 
for  the  year  ending  January  19th,  1887.  He  was  also  a  charter  member 
of  the  Engineers'  Club  of  St.  Louis,  and  for  twelve  years,  from  1868  to 
1880,  was  its  President,  thus  receiving  from  both  organizations  the 
highest  honor  within  their  power  to  bestow. 

His  death  occurred  June  20th,  1898,  at  Pittsburg,  Pa.,  where,  on 
his  way  home  froni  a  meeting  of  the  Mississippi  River  Commission,  he 
stopped  to  visit  Mr.  Godfrey  Stengel,  a  life-long  friend  who,  forty- 
nine  years  before,  had  come  with  him  on  the  same  ship  to  America. 
He  died  very  suddenly  of  acute  heart  failure  while  walking  home  from 
one  of  the  parks  in  company  with  Mr.  and  Mrs.  Stengel.  Up  to  the 
last  moment  he  was  in  excellent  spirits  and  died  without  pain,  as 
without  fear. 
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As  an  engineer,  Colonel  Flad  was  remarkable  for  bis  great  fertility 
of  invention.  For  every  new  problem  be  bad  not  only  one,  but  many 
solutions,  and  the  rapidity  with  wbicb  be  grasped  all  its  conditions 
and  framed  bis  plans  to  meet  tbem  amounted  to  genius.  In  doing 
this  be  was  not  limited  by  precedent,  but  looked  instinctively  for  new 
and  better  methods  tban  any  before  known.  In  boldness  and  origin- 
ality be  bas  bad  but  few  equals  in  tbe  annals  of  tbe  profession.  And, 
like  tbe  most  successful  workers  in  every  field,  be  deligbted  in  bis 
work  for  its  own  sake.  Nothing  could  exceed  tbe  interest  witb  wbicb 
be  attacked  a  new  problem,  and  be  gave  bimself  no  rest  until  be  bad 
solved  it.  The  solution  once  found,  however,  the  whole  subject 
ceased  to  interest  him,  and  he  passed  on  to  something  new.  This 
trait  is  illustrated  by  tbe  fact  that,  although  he  took  out  numerous 
patents  for  new  and  useful  inventions,  to  their  introduction  and  utili- 
zation be  gave  no  thought.  It  was  the  work,  rather  than  its  rewards, 
for  which  he  cared. 

As  a  man  he  was  equally  great.  His  unassuming  modesty,  bis 
perfect  candor  and  simplicity,  his  unflinching  courage,  his  absolute 
fidelity  to  bis  convictions,  his  single-minded  subordination  of  personal 
to  the  public  welfare — qualities  which  were  written  in  every  line  of  his 
face  and  manifested  in  every  act  of  his  life — all  stamped  him  as  a  man 
of  the  highest  type.  Anyone  who  knew  him  believed  in  him — without 
limit.  His  name  was  a  synonym  for  fidelity  and  skill,  and  all  knew 
that  every  work  committed  to  his  charge  would  be  well  done  and  come 
from  bis  hand  as  sound  and  flawless  as  the  man  himself. 

This  evident  and  perfect  integrity  of  purpose  made  bis  public 
service  a  legacy  of  incalculable  value  to  his  fellow  citizens.  His  life 
was  a  demonstration  of  how  honorable  the  public  service  can  be  made, 
and  is  an  encouragement  to  those  who  have  not  yet  lost  faith  in  the 
possibdity  of  having  this  service  in  all  its  branches  lifted  to  tbe  same 
standard  to  "abate  no  jot  of  heart  or  hope,"  but  still  work  on  for  tbe 
accomplishment  of  this  high  end. 

To  bis  fellows  in  bis  chosen  calling,  his  name  and  example  are 
especially  precious;  for  in  him  was  realized  the  highest  ideal  of  the 
engineer— a  man  of  trained  intellect,  controlled  by  an  iron  will  and 
directed  to  the  noblest  public  ends.  And  bis  success  in  attaining  this 
ideal  will  inspire  others  to  frame  their  lives  upon  the  same  noble  lines. 


HISTORICAL  SKETCH 

OF  THE 

AMERICAN   SOCIETY  OF  CIVIL  ENGINEERS, 

By  Charles  Warren  Hunt,  M.  Am.  Soc.  C.  B. 

Cloth,   6x9   Inches. 

Printed    by    order    of  the   Board    of   Direction  of  the  American 
Society  of  Civil  Engineers,  to  be  sold  only  on  subscrip- 
tion.    The    proceeds    to    be    devoted    exclusively 
to   the  fund  for  the  New  Society   House. 


At  the  Annual  Meeting,  January  19th,  1898,  the 
following  facts  in  regard  to  the  subscription  to  this  book 
were  brought  out : 

Two  thousand  copies  were  printed ;  300  were  bound 
in  full  morocco,  of  which  216  have  been  sold  at  $10  per 
copy,  the  resulting  net  profit  being  $943.06.  Seventeen 
hundred  copies,  which  have  been  paid  for,  are  still  on 
hand,  and  the  Board  of  Direction  was  requested  to  con- 
sider the  propriety  of  offering  to  the  membership  these 
copies  bound  in  a  less  expensive  style  and  at  a  reduced 
price,  the  net  proceeds  to  be  applied  to  the  building  fund. 

In  compliance  with  this  request  it  has  been  decided 
to  bind  as  many  copies  as  are  necessary  to  supply  the 
demand,  in  a  handsome  cloth  binding  and  to  supply 
them  at  $5  per  copy. 

This  action  has  been  taken  in  the  belief  that  many 
members  will  welcome  the  opportunity  of  contributing 
something  to  the  building  fund. 

There  are  a  few  copies  still  on  hand  of  the  first  lot 
bound  and  these  can  be  obtained  by  those  who  so  desire 
at  $10  per  copy. 

Orders  should  be  sent  to  the  Secretary. 


The  book  begins  with  a  brief  statement  of  the  first 
movement  to  form  a  National  Society  of  American  Engi- 
neers in  1839.  The  organization  of  the  American  Society 
of  Civil  Engineers  and  Architects  in  1 852  is  then  described, 
a  list  of  its  promoters  and  charter  members  given,  and 
the  work  accomplished  in  its  first  two  years  of  life 
sketched.  The  reorganization  of  the  Association  in  1867 
and  the  important  events  in  its  career  from  that  date  to 
1873,  when  the  first  publication  was  issued,  are  then  given 
in  chronological  order.  Succeeding  chapters  are  under 
the  following  heads :  Locations  Occupied  by  the 
Society;  Library;  International  Exhibitions;  Publications; 
Badge;  Constitutional  Changes  and  Work  Accomplished. 
Under  the  head  of  "Comparative  Growth  of  National 
Engineering  Societies  "  short  sketches  of  the  Institution 
of  Civil  Engineers  and  the  Societe  des  Ingenieurs  Civils 
are  given.  The  illustrations  consist  of  35  half-tone 
portraits  of  past  officers  of  the  Society  and  one  diagram, 
all  handsomely  printed  on  heavy  paper. 
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%        Troy,  N.Y. 

Local  examinations  provided  for.  Send  for  a  Catalogue 


Louisville  Cement. 


The  undersigned  is   General  Agent  for  the  following  Standard  Brands  of 
Louisville  Cement : 

FALLS  MILLS  (J.  Hulme  Brand), 

BLACK.  DIAMOND  MILLS  (River),  Diamond  Brand, 
SPEED  MILLS,  Star  Brand, 

FALLS  CITY  MILLS,  Anchor  Brand, 

BLACK  DIAMOND  MILLS  (Railroad),  Diamond  Brand. 


This  Cement  has  been  in  general  use  throughout  the  West  and  South 
since  1830,  most  of  the  public  works  having  been  constructed  with  it.  Orders 
for  shipment  to  any  part  of  the  country,  by  rail  or  water,  will  receive  prompt 
and  careful  attention. 

Sales  for  1802,  2,145,568  Barrels. 

WESTERN     CEMENT     COMPANY, 

247  W.  Main  St.,  Louisville,  Ky. 


The  Weber  Railway  Joint  Mfg.  Co. 


empire    building, 

71  Broadway,  New  York. 

branches: 

BOSTON,    Mason   Bldg. 

Chicago,  old  colony  bldg. 
Baltimore,  equitable  bldg. 
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Pacific  Flush  Tank  Co. 

84  LA  SALLE  STREET,  CHICAGO,  ILL., 

MANUFACTURERS    OF   THE 

fipiller   Automatic   JSipbon, 

FOR  INTERMITTENT  FLUSH  TANKS. 


Used  for  Flushing  Street-Sewers. 

NO  MOVING  PARTS.      NO  JOINTS.      NO  LITTLE  TRAPS. 

RECEIVED  THE  HIGHEST  AWARD  IN  ITS  CLASS  AT  THE  WORLD'S 
COLUMBIAN  EXPOSITION  FOR 

Simplicity  of  Construction,  Effectiveness  and  Reliability. 

Salt  Lake  City,  Utah,  December  14,  1897. 
******  Flushing  with  the  hose  is  not  satisfactory  for  the  reason 
that  it  is  expensive,  and  owing  to  the  time  it  takes  to  get  over  the  system  the  laterals  are 
not  flushed  often  euough  to  keep  them  clean.  The  laterals  (lushed  by  siphons  are  in  much 
better  condition  than  those  flushed  with  the  hose.  The  Miller  Automatic  Siphons  that 
we  have  put  in  are  giving  entire  satisfaction,  and  in  my  opinion  they  are  the  most  efficient 
siphons  in  use.  (Signed)  F.  C.  KELSEY,  City  Engineer. 

EACH   SIPHON  GUARANTEED   ABSOLUTELY. 


1 


Send  for  Illustrated  Catalogue. 
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LARGEST  MANUFACTURERS   IN   AMERICA   OF 

Civil  Engineers'  and  Surveyors'  Field  Instruments. 
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LATEST  CATALOGUE  MAILED  ON  APPLICATION. 


ALCATRAZ    ASPHALT 

Guaranteed  free  from  Coal  Tar  or  Petroleum  Residuum, 

For  Reservoir  Linings 

and  Pipe  Coatings. 


The    AlcatraZ    CO.,  San  Francisco,  Cal. 
General  Eastern  Office,  3  West  29th  St.,  New  York. 


NEW   YORK    DREDGING    CO.. 

ENCINEERS    AND    CONTRACTORS. 


WILLIAMS  MACY,  President. 


0.  L.  WILLIAMS,  Secretary  and  Treasurer. 


Hydraulic  Dredge  discharging  through  5,700  Ft.  Pips.     Will  dig  and  put  ashore  any  Material,  Rock  excepted. 

SPECIALTIES: 

Machinery  for  Economical  Excava- 
tion of  Canals. 

For  Dredging:,   For  Reclamation  of 
Low  Lands. 

CORRESPONDENCE  SOLICITED. 

World  Building,  New  York,  N.  Y. 

"  Machines  at  work  at  Wilmington,  Del.; 
Port   Royal,   S.  C;    Port  Arthur,    Sabine 
Patent  Canal  Excavator.  Pass,  Texas,  and  Oakland,  Cal." 

Capacity  of  Plant  owned  by  us,  under  favorable  conditions,  1,000,000  cubic  yards  per  month. 


WEST  PASCAGOULA  CREOSOTE  WORKS, 

WEST  PASCAGOULA,  MISS. 
Situated  on  Pascagoula  Bay  and  on  the  line  of  the  Louisville  and  Nashville  Railroad. 

These  works  have  been  in  operation  for  more  than  twenty  years,  were  recently 
entirely  rebuilt  and  enlarged,  and  are  now  prepared  to  execute  all  orders  for  creosoted 
piles  and  timber  thoroughly  impregnated  with  dead  oil  of  coal  tar. 

New  cylinders  115  feet  long.     Capacity,  one  million  feet  per  month. 

Address  S.   W.    LABROT, 

Supt.  West  Pascagoula  Creosote  Works, 

West  Pascagoula,  Miss. 
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THE 


Q  &  W  Tie  Plate 

ALTHOUGH  SOMETHING  NEW, 

Has    a    Record,    from    the   fact   that   it   is   a 
combination  of  the 

SERVIS    AND  ^g~ 

WOLHAUPTER  ^g^- 
PLATES W-W+- 

CHICAGO  : 

700=712  Western  Union  Building. 

NEW  YORK: 

106  Liberty  Street. 
SAN  FRANCISCO: 

537   Mission  Street. 


VII 


FAIRBANKS' 

Patent  Automatic 
Cement  Testing  Machines. 


Descriptive  Circular  of  machines  and  Appliances,  with  Prices, 
Forwarded  on  Application. 


The   Fairbanks  Company, 

311  BROADWAY,  NEW  YORK. 

ALBANY,  N.  Y.;     BALTIMORE,  Hd.;     BUFFALO,  N.  Y.; 

BOSTON,  Mass.;     PHILADELPHIA,   Pa.;   PITTSBURG,  Pa.;   NEW  ORLEANS,    La. 

MONTREAL,  Que.;     LONDON,  England. 
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CONTINUOUS  RAIL  JOINT  HOMPANY  OF  AMERICA. 


908=911  Lawyer's  Building, 
164  Market  St.,  NEWARK,  N.  J. 

Millions  in  use  on 
80  Railroads 

Fewest  parts  possi- 
ble. Provides  for  the 
increased 
I  tonnage  up 
to  date. 


GIANT  PORTLAND, 
EGYPT  PORTLAND, 
IMPROVED  UNION, 
AND  UNION  CEMENTS. 


MANUFACTURED    BY 

AMERICAN  CEMENT  CO.,  Egypt,  Pa., 

LESLEY  &  TRINKLE,  Sales  Agents, 
22  &  24  South  15th  St.,     Philadelphia. 


Trident 

Disk  Water  Meter, 


Resilient  or  Retroactive  Frost  Bottom. 

"  SECOND  TO  NONE  "  in  form,  material 
construction,  capacity,  initial  accuracy  and 
sensibility. 

SUPERIOR  TO  ALL  in  convenience,  in  so- 
lidity of  parts,  in  design,  in  maintained  ac- 
curacy, and  in  immunity  from  stoppages. 

MAY  BE  RUN  HARD  AND  LONG  without  smashing,  and  be  frozen  partially  or 
entirely  solid  without  damage  to  the  meter  or  expense  to  the  owner. 

FULLY   ATTESTED,  by  most  competent  authorities,  as  being  "beyond  competi- 
tion in  low  cost  of  maintenance." 

Illustrated  Catalogue,  giving  full  details,  mailed  to  any  applicant. 

NEPTUNE     METER     COMPANY, 

253     BROADWAY, 


DESIGNED   BY   JOHN   THOMSON. 


NEW  YORK  CITY. 


IX 


VZEZtsTTTTIRI    METEBS 

FOR    MAINS    4    TO    84    INCHES    OR    LARCER.S, 


Measurements  by  these  meters  are  more  accurate  than  measurements  by 'weirs. 
Smaller  meters  for  laboratories  of  Schools  and  Colleges. 

BUILDERS  IRON  FOUNDRY,  Providence,  R.  I. 

A.  J.   SNYDER   &   SONS, 

"(lESnimiUDHSEIULE  CEMENT 

Especially  manufactured  for 

IMPORTANT    ENGINEERING    WORK, 

requiring  a  high  grade  testing  cement.    Over  30,000  barrels  were  used  on 
the  new  dams  for  the  Crotou  Aqueduct,  and  not  one  barrel  was  rejected. 

•STJaassa-   HENRY  R.  8RIGHAM.  General  Agent, 

35  STONE  STREET,  NEW  YORK  CITY. 


WORKS 


ARE    THE    LARGEST    IN    EXISTENCE, 


OTIS  BROTHERS  &  CO., 

38   PARK   ROW,  NEW  YORK. 

MANUFACTURERS  OF 

ELEVATORS  OPERATED  BY  ANY  POWER  EXCEPT  HAND-POWER. 


^ENGINEERS,  B* 

ADDRESS    THE    WORKS    DIRECT, 

JOHN  STREET,  WEST  NEW  BRIGHTON,  STATEN  ISLAND,  N.  Y. 

(ESTABLISHED     lSTS), 

Make  a  specialty  of  Machinery  for  the  rapid  and  economical  handling  of  heavy  or 
bulky  materials,  as  well  as  Plans  for  Storage  Buildings  and  Wharves. 

ENGINEERS  ARE  REQUESTED  TO  SEND  FOR  OUR  CATALOGUES. 
"Coal-Handling  Machinery,"  "Cable  Railways  for  Freight," 

"Conveyors"  Gravity  Bucket,  "Manilla  Rope"  Transmission, 

"Industrial  Railways."  "Coal  Handling  in  Power  Plants." 

extent  of  Asphalt  Pavements 

IN  THE  UNITED  STATES  AND  CANADA. 

Trinidad  Lake  Asphalt  Pavement,  21,527,415  square  yards,  or  90% 
Other  kinds  Asphalt  Pavement,        2,307,064  square  yards,  or  10% 


OF 


ihlTRINIDAD  lake  asphalt  pavement 

10,000,000  square  yards,  or  nearly  50%, 


WAS  LAID  BY 


THE  BARBER  ASPHALT  PAVING  COMPANY. 

This  is  equal  to  about  650  miles  of  Roadway,  26  feet  wide. 

The  Asphalt  used  by  this  Company  is  from  the  famous 
Pitch  Lake  in  the  Island  of  Trinidad,  B.  W.  I. 

2^  Plans  and  Estimates  Furnished  on  Application. 

GENERAL    OFFICES  : 

LE  DROIT  BUILDING,     -        -        -     WASHINGTON,  D.  C. 

BOWLING  GREEN  BUILDING,  No.  II  Broadway,  New  York. 

F.  V.  GREENE,  President. 

SUPERIOR  GRAPHITE   PAINT 


For  BRIDGES, 
ROOFS,    . 


4 


STRUCTURAL 
IRON 


And  all  Exposed  Metal  or  Wood  Surfaces. 


Warranted  not  affected  by 
heat,  cold,  salt  brine, 
acid  fumes,  smoke  or 
chemicals 


Detroit  Graphite  Mfg.  Co., 

DETROIT,  MICH. 
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ESTABLISHED  1872. 


F.  E.  BRANDIS  SONS  &  CO., 


MANUFACTUREBS    OF 


Engineers'  and  Surveyors'  Instruments, 

814    GATES    AVENUE, 
BROOKLYN,      NEW     YORK. 


Catalogues  mailed  on  application. 


Rock  Drilling  and  Air  Compressing; 

ml^g  s:  i  irsr  :e  :R~y 

For  TUNNELS,  QUARRIES,  MINES,  RAILROADS, 

And  wherever  ORE  and  ROCK  are  to  be  DRILLED  and  BLASTED. 


SEND  FOR  NEW  CATALOGUE. 


RAND  DRILL  CO.,  100  Broadway,  New  York,  U.  S.  A. 

Branch  Offices  :  1328  MonadnockBlk., Chicago,  111.;  Ishpeming,  Mich. ;  1361  Eighteenth 
8treet,  Denver,  Colo.  ;  Sherbrooke,  Quebec.  Canada ;  Apartado  830,  Mexico  Ci*». 

Eppinger  &  Russell  Co., 

CREOSOTING  WORKS, 

Dead  Oil  of  Coal  Tar  Process. 

Piles  and  Timber  treated  with  the  above  Oil  for  all  purposes, 
when  preservation   is  desired. 

Introduced  in  England  by  Mr.  Bethel  in  1838.  DEAD  OIL.  OF  COAL  TAR  is  the 
only  known  product  of  commercial  application  that  will  preserve  TIMBER  FROM 
DECAY,  LAND  AND  MARINE  INSECTS. 

Our  Mr.  Valentine  has  had  practical  experience  since  1872,  and  we  have  specimens  of 
Piles  and  Timber  treated  by  him  in  1874,  which  are  in  use  to-day  and  are  in  a  perfect  state  of 
preservation.     We  have  the  largest  and  best  equipped  plant  in  the  world. 
Cylinders  100  It.  long,  capacity  1,500,000  ft.  per  month. 
Direct  Water  and  Rail  Communications. 

MANUFACTURERS   OF   THE 

Valentine  Electrical  Subway  Conduit. 


WORKS: 

Foot  First  Street  and  Newtown  Creek, 

LONG  ISLAND  CITY. 


OFFICES: 

MORRIS   BTJILIDinSTGr, 

66  BROAD  ST.,  NEW  YORK. 


8END  FOR  CIRCULARS  AND  PRICES. 
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THE    F.  O.  NORTON    COMPANY, 

— MANUFACTURER   OF — 

92    BROADWAY,   NEW  YORK. 


Particularly  adapted  for  work  under  water,  for  which  use  it  is 
superior  to  the  best  Portland  Cement,  when  used  i  to  i. 

Certificates  of  tests  and  reports  on  actual  use  in  important  public 
works  furnished  on  application. 


OUR    LEADING 

Architects,  Engineers  and  Builders 


SPECIFY  AND  USE 


W^™™rM  BROOKLYN    BRIDGE    BRAND 

* 'NEW  YORK. 

ROSENDALE    HYDRAULIC   CEMENT. 

\    PARK  ROW  OFFICE   BUILDING— 30  STORIES. 
USED  EXCLUSIVELY  ON  j     WALDORF-ASTORIA  HOTEL— LARGEST  IN  THE  WORLD. 

HAVE  SUPPLIED  FOR  NEW  YORK  CROTON  AQUEDUCT,  IN  I897  AND  1898,  165,000  BARRELS. 


ATLAS  Poland  Cement 

IS  THE  STANDARD 
AMERICAN    PORTLAND. 

The  U.  S.  Government  gives  it  preference  over  all  other  brands* 

ATLAS  CEMENT  CO., 
J43  LIBERTY  STREET.  NEW  YORK  CITY. 


IRONCLAD  PORTLAND  CEMENT 

Manufactured  by  Glens  Falls  Portland  Cement  Co. 

Sole  Selling  Agent,  Commercial  Wood  &  Cement  Co., 

156   FIFTH   AVENUE,   NEW  YORK 


High-grade  American 
PORTLAND  CEMENT 

unsurpassed  for  making 

Fine  Artificial  Stone. 
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Architects  and  Builders, 

When  making  Contracts,  should  remember  that 

12,000,000  Barrels 

"HOFFMAN" 

CEMENT 

Have  been  used  on  important  works  throughout  the  United  States. 

No  other  Cement  Company  can  show  such  a  Record. 

Lawrence  Cement  Co. 

Sales  Office,   No.   i   Broadway,   New  York. 


LABORATORIES  OF  Dr.  CHAS.  F.  Mp.kf.nna  221  pearl  st.,  newvork. 

Successor  to  Dr.  GIDEON  E.  MOORE. 

DEPARTMENT  OP  CHEMISTRY.  Analyses  and  Assays  of  Ores,  Metals,  Waters  and  Natural 
and  Industrial  Products  of  every  description. 

DEPARTMENT  OP  PHYSICAL  TESTS.  Tensile,  Transverse  and  Compression  Tests  of  Iron,  Steel 
and  other  Metals  and  Alloys,  Cements,  Building  8tones  and  Engineering  Materials  generally. 

ESTABLISHED    18G6. 


Warren  Foundry  and  Machine  Co, 

WORKS  AT  PHILLIPSBURG,   NEW  JERSEY. 

SALES  OFFICE:   160  BROADWAY,    NEW  YORK. 


CAST-IRON,  WATER  AND  GAS  PIPE, 

Feom  3  to  48  Inches  Diameter. 
Also  all  sizes  of  FLANGED    PIPE  and  SPECIAL.   CASTINGS. 


lMPROVEDRlGlD&SPRIr1cFRO(i5,(R05jlHG5|  Track  Work 

SiHGLEtTHREE  Throw  Split6witchesJ  JSSBffJSIS 


.FREDjCWEIR.. 
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Connecting  Branch  Sleeve 

—  Tapping  Apparatus 

For  making  Large  Connections  without 

Shutting  Off  Water  or  Reducing  Pressure. 

This  is  no  experiment,  but  has  been  used 
by  the  Water  Departments  of  numerous 
cities  for  years  with  entire  success.     Con- 
nections from  2  to  '24  ins.  have  been  made  with  mains  from  4  to 
48  ins.     For  full  information,  address 

THE  A.  P.  SMITH    MFG.  CO.,  921  Prudential  Building,  Newark,  N.  J. 


The  Evening  Post  Job  Printing  House, 

FULTON    STREET,  CORNER   BROADWAY, 
NEW  YORK. 


PRINTERS    OF    PERIODICALS 
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PROCEEDINGS 

OF   THE 

AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

Select  Advertisements  will  be  Received  at  the  following  Rates: 


One  Page 

One-half  Page 

One-qnarter  Page 

One-twelfth  Page,  Card 


One  Teas. 
10  inseetions. 


$170  00 
90  00 
60  00 
20  00 


yt  Yeab. 
Inseetions. 


$95  00 
55  00 
30  00 


3  Inseetions. 


$60  00 
35  00 
20  00 


Address  the  Secretary  of  the  Society,  220  West  57th  Street,  New  York. 


Union  Bridge  Company. 


CHARLES  MACDONALD, 


ANDREW  ONDERDONK. 


Civil  Engineers  and  Constructors  of  Bridges,  Tunnels, 
and  Public  Works. 

JOSEPH  MAYER,  Engineer. 


PRINCIPAL    OFFICE, 

No.   I    BROADWAY,   NEW  YORK, 

Cable  Address :  "  Yaraunion,  New  York." 

Works:  ATHENS,  Pa. 
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